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ABSTRACT

The Federal governm ent and ind iv idual engineering organizations are im plem enting 

com puter netw orks in order to enhance productiv ity  and  com petitiveness. Projected benefits 

m ay  no t be achieved, how ever, un less netw ork system s are w ell-suited to the  w ork  and  

com m unication activities and environm ents of in tended users. This study  describes and explores 

the use of com puter netw orks by aerospace engineers. It investigates netw orking from  the user's 

perspective and  p resen ts d a ta  on  the types of netw orks and  netw ork applications used by 

aerospace engineers, the w ork tasks and  com m unication activities suppo rted  by netw orks, 

factors associated w ith netw ork use, and  netw ork impacts. Data w ere gathered in  a national 

m ail survey from  950 aerospace engineers perform ing a variety of jobs (including R&D, design 

engineering, m anagem ent, and production) in a diverse range of organizations. The mail survey 

w as preceded by  site visits and interview s, as well as a telephone survey.

Study results contribute to existing know ledge about both com puter netw ork use and  the 

n a tu re  of eng ineering  w ork an d  com m unication. It w as found tha t 74% of m ail survey 

respondents personally used com puter networks. Electronic mail, file transfer, and rem ote login 

w ere the m ost w idely  used applications. N etw orks were used less often than  face-to-face 

in te rac tions in perfo rm ing  w ork  tasks, b u t a b o u t equally  w ith  read ing  and  te lephone 

conversations, and  m ore often than mail or fax. N etw ork use was associated w ith a range of 

technical, organ izational, and personal factors: lack of com patibility  across system s, cost, 

inadequate access and training, and unw illingness to em brace new  technologies an d  m odes of 

w ork  appear to discourage netw ork use. The greatest positive im pacts from  netw orking appear 

to be increases in the am ount of accurate and tim ely inform ation available, better exchange of 

ideas across organizational boundaries, and enhanced w ork flexibility, efficiency, and  quality. 

Involvem ent w ith classified or p roprie tary  data and type of organizational structu re d id  not 

distinguish netw ork users from nonusers. Findings can be used by people involved in the design 

and im plem entation of networks in engineering com m unities to inform the developm ent of more 

effective netw orking systems, services, and policies.
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CHAPTER 1: 
INTRODUCTION TO THE RESEARCH

1.1. Introduction

The pu rpose of this research is to explore and describe the use of com puter netw orks by 

aerospace engineers. C om puter netw orks, also called electronic netw orks, a re  defined  in this 

study  as  telecom m unication links that connect com puters to each o th e r or to o th e r devices, 

allow ing  users access to rem ote resources th rough  such applications as  electronic mail, file 

transfer, and  rem ote log-in. Aerospace engineers, the com m unity of interest in  th is research, 

are engaged  in  research, developm ent, design, testing, and m anufacturing  related  to a w ide 

varie ty  of ae rospace  technologies, from  com m ercial airc raft to g u id ed  m issiles to space 

equipm ent.

This research  investigates com puter netw orking from  a user perspective. This m eans 

th a t it seeks to describe the m anner in w hich electronic netw orks a re  cu rren tly  used  by 

aerospace engineers to facilitate com m unication and  assist in the perform ance of their work 

tasks. Further, the  study  explores factors associated w ith netw ork use, and  im pacts of netw ork 

use, from  the perspective of m em bers of the aerospace engineering com m unity. The ultim ate 

goal of the study  is to  increase understanding of the work, communication, and netw orking needs 

and  behavior of aerospace engineers so that m ore effective netw orking system s, services, and 

policies can be developed for m em bers of the aerospace engineering com m unity. Results may be 

applicable to o ther scientific and technical w ork as well.

1
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1.2. The Research Context: Aerospace Engineering and Computer Networks

The aerospace industry  is of vital im portance to the econom y of the U nited States. It 

em ploys 1.3 m illion people, and its total annual sales am ount to over $117 billion. O ver $24 

billion w as spent on  aerospace research and developm ent in  1990, m ost of tha t by the Federal 

governm ent, w ho is th e  largest custom er for aerospace p ro d u cts  (A erospace Industries 

Association, 1991). Aerospace belongs to the high technology sector of A m erican industry . It 

encom passes m ilitary  an d  com m ercial segm ents and  is dom inated  by  a han d fu l of large 

com panies. Com petition is fierce, and the billion do llar investm ents th a t these firm s m ake are 

fraught w ith risk. The developm ent of a new product may take decades and  sales depend  m ore 

on m eeting rigid perform ance and schedule requirem ents than on p ro d u ct pricing (Bluestone, 

Jordan, & Sullivan, 1981).

Aerospace engineers w ork in all stages of p roduct developm ent and  are em ployed in 

industry, governm ent, academia, and other not-for-profit settings. The m ajor w ork specialties 

com prising aerospace engineering include structural design, avionics, aerodynam ics, propulsion, 

electronic system s, and  m aterial and processes. Aerospace engineering  w ork also varies 

according to  prim ary  job responsibility  (e.g., m anagem ent, science, or engineering) and 

engineering subfield (e.g., chemical, mechanical, or electrical). Finally, aerospace engineering 

w ork can also be described in term s of the k inds of tasks an d  activities w hich the  typical 

engineer perform s on a day-to-day basis. There is trem endous variety in the w ork day of m ost 

aerospace engineers. As is the case with engineers in other industries, m any aerospace engineers 

define problem s, come u p  w ith new ideas, solve problem s, review  the w ork of others, produce 

reports, perform  calculations, conduct experim ents, and negotiate w ith  custom ers and  co­

workers. In order to perform  these tasks, aerospace engineers require a variety of business and 

technical inform ation tha t includes fundam ental design concepts, criteria an d  specifications, 

quantitative data and  practical know-how. Much of this inform ation com es from  co-w orkers 

and in-house documents.

2
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Currently , a num ber of aerospace engineering organizations are exploring the ability of 

com puters and  electronic netw orks to im prove the perform ance of engineers. They hope tha t by 

facilitating com m unication, im proving coordination, and allow ing shared access to  im portan t 

da ta  an d  tools, electronic netw orks w ill decrease bo th  the  costs and  tim e needed  to  bring  

p roducts  to  m arket and  will facilitate the production  of h igher quality  p roducts tha t better 

m eet custom er needs. Due to proprietary and security concerns, and  the need to m aintain and 

transfer large volum es of critically im portan t data, m any eng ineering  o rgan izations have 

im p lem en ted  the ir o w n  p rivate , h igh-speed  netw orks th a t are u sed  on ly  by  the ir ow n 

em ployees.

Today, aerospace engineers can use netw orks for d istributed access to rapidly-changing 

inform ation about project requirem ents and progress. They can receive electronic data collected 

by rem ote  in stru m en ts  and  use netw orks to  analyze those da ta  w ith  the help  of rem ote 

com puters. N etw orks facilitate the sh ipm ent of docum ents and designs and  are used  to 

au tom ate  the m anufacturing  process. Electronic data  in terchange (EDI) is used to exchange 

o rd ers  and  invoices w ith vendors and suppliers, and  contracts w ith  clients and  custom ers. 

Aerospace engineers can also use netw orks for inform ation retrieval in connection w ith both in- 

house and  com m ercial or governm ent databases. Finally, som e engineers in  the aerospace 

in d u stry  u se  electronic netw orks for a variety of com m unication purposes. C om puter-based 

m essage system s such as electronic mail (e-mail), bulletin boards, and conferences can be used to 

call on  the  expertise of others, locate resources, schedule and  coordinate w ork, and  exchange 

inform ation. Such system s can be used to contact project team  m em bers, m anagers, people in 

other departm ents or divisions, colleagues in  outside organizations, custom ers, and funders.

M any of the benefits of netw orking tha t ind ividual aerospace organizations seek are 

also im p o rtan t on  a national scale. P roponents of national netw ork ing  assert th a t Federal 

investm ents in high-speed netw orks will pay off in term s of im proved national productiv ity , 

scientific and  technical advances, and econom ic com petitiveness. The use of netw orks in

3
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eng ineering  h as  itself received increasing attention. In in troducing  the H igh  Perform ance 

C o m pu ting  Act of 1991 (Congress. Senate, 1991), for exam ple, then Senator A lbert G ore of 

T ennessee rem arked  tha t netw orked  supercom puters are used by engineers to des ign  better 

a irp lan es . T he b ill itse lf asserted  th a t the deve lopm en t an d  use of h ig h -p erfo rm an ce  

com puters an d  netw orks is essential for m aintaining and  enhancing industria l p roductiv ity  in 

the U nited States (Section 2.a.2). The H igh Perform ance C om puting P rogram  (HPCC) initiated 

in the Executive branch also aim s a t im proving national engineering outcom es. The HPCC "is 

d riven  by the  recognition that unprecedented  com putational pow er and capability  is needed to 

in v estig a te  an d  u n d e rs ta n d  a w ide range of scientific and  eng ineering  'g ra n d  challenge' 

problem s" such as aerospace vehicle design and  microsystems design an d  packaging (Office of 

Science and  Technology Policy, 1991, p. 2). The C lin ton /G ore adm inistra tion  has continued  to 

foster policies in  support of national netw orking, first under the rubric o f the N ational Research 

and  E ducation N etw ork (NREN) and , m ore recently, in connection w ith the developm ent of the 

N ational Inform ation Infrastructure (Nil). And anticipated engineering uses and  outcom es from 

com puter netw orking continue to receive Federal attention.

A lthough  the use of electronic netw orks in the aerospace industry  is increasing, the 

financial stakes are h igh , and  m any benefits are expected on bo th  an  o rgan iza tional and  

national level, no em pirical stud ies of the use of electronic netw orks have dea lt exclusively or 

extensively w ith  aerospace engineers (or any o ther g roup  of engineers). R eports of w hat the 

technology can do have appeared  in  the popu lar and technical literature. Several aerospace 

firm s have described  som e of their experiences w ith netw ork im plem entation. The Federal 

gov ern m en t invests m illions of do lla rs  to s tudy  and im prove the technical capab ilities of 

national h igh-speed  netw orks. But very little is know n abou t the users o f these system s, 

inc lud ing  aerospace engineers. W hat k inds of aerospace engineers use netw orks?  W hich 

netw ork applications do  they use? To perform  which job functions? U nder w hat circum stances? 

W hat p ro b lem s and  constra in ts  do  they encounter? W hat effects d o  they  perce ive  and

4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

experience? In spite of la rge financial investm ents an d  prom ises of strategic com petitive 

advantages, very little is actually  know n about the use and  im pact of electronic netw orks in the 

aerospace industry .

1.3. Scope of the Current Research

Based in p a rt on  expectations of im proved engineering effectiveness and  efficiency, both 

ind iv idual aerospace engineering organizations and  the Federal governm ent a re  m aking large 

investm ents in  com puter netw orking to support R&D, economic com petitiveness, and  technology 

transfe r. F ederal policy m akers, netw ork  system  des igners and service p ro v id e rs , and  

w orkplace m anagers are struggling  to im plem ent effective system s an d  develop  ap p rop ria te  

policies to govern netw ork im plem entation and  use. But little em pirical inform ation has been 

gathered tha t can b e  used to help  in  understanding the im pact of netw ork investm ents, designs, 

and policies on aerospace engineering work. Thus, m any major investm ent, design, an d  policy 

decisions a re  being m ade solely on the basis of educated  guesses ab o u t the contribu tion  of 

electronic netw orking to the aerospace engineering w ork and  communication.

In general, technical an d  financial issues related to netw orking initiatives receive the 

bu lk  of a tten tion  from  netw ork  im plem enters, w hile social and  behavioral issues tha t also 

im pact the degree  to w hich netw orks will effectively su p p o rt the activities o f the in tended  

user com m unities are inadequately  exam ined (McClure, Bishop, Doty, & R osenbaum , 1991). 

A erospace engineering  efficiency and effectiveness, a t bo th  the organizational an d  national 

level, will no t be optim ally  enhanced by the im plem entation of electronic netw orks un til the 

m anner in w hich netw orks facilitate aerospace engineering com m unication and w ork  tasks is 

better understood . The success of institutional and national netw orking endeavors will depend 

on the d eve lopm en t of n e tw ork  features, policies, and  su p p o rt p rog ram s based  on  solid 

know ledge of aerospace users' needs and habits and substantiated  links betw een netw ork  use
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and  engineering  outcom es. W ithout such data it will be difficult to develop  and  im plem ent 

effective policies and  services o r predict the results of netw orking investm ents.

This gap  is addressed  by the cu rren t study, w hich gathers d a ta  th a t describe the 

current uses of electronic netw orks by aerospace engineers and explore the relationship  betw een 

electronic netw orks and engineering com m unication and work. The d a ta  collected add ress the 

following research questions:

1) W hat types of com puter networks and network applications a re  curren tly  used by 
aerospace engineers?

2) W hat w ork tasks an d  com m unication activities do aerospace eng ineers use 
com puter networks to support?

3) W hat w ork factors are related to the use of com puter netw orks by  aerospace 
engineers?

4) W hat a re  the im pacts of netw ork  use on aerospace eng ineering  w ork  and 
communication?

Empirical data on  perceptions and  behavior related to work, com m unication, and  netw ork  use 

have been  gathered  from  aerospace eng ineers th rough  site visits, in terv iew s, a national 

te lephone survey, and a national mail survey. Engineers represen ted  in  the s tu d y  occupy 

different types of jobs in a variety  of settings. Following national em ploym ent tTends in the 

aerospace in d u stry  (N ational Science Foundation, 1987), m ost of th e  s tu d y 's  subjects are 

em ployed by  industria l organizations, and  few  are em ployed prim arily  in  such activities as 

research, m arketing, and m anufacturing.

All ne tw ork ing  applications relevant to engineering w ork are considered . These 

inc lude, for exam ple, electronic m ail, in form ation retrieval, rem ote access to  com pu ting  

resources, and  file transfer. W herever feasible and app rop ria te , n e tw o rk  u se  is tied  to 

particu lar w ork  tasks and com m unication activities. N etw ork im pacts an d  factors affecting 

netw ork use are derived prim arily from the reports of aerospace engineers partic ipating  in the 

research, an d  bo th  positive and negative factors and im pacts are explored . W ork-related 

factors influencing use w ere expected to encom pass such things as p rim ary  job responsibility,
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type of organizational unit, aerospace subfield and product, and  the degree to w hich com puters 

are a p a rt o f one 's  w ork, as well as situational characteristics such as  the need  for secrecy, 

accuracy, extensive in terpersonal interaction, or reference to physically-encoded know ledge. 

N etw orking im pacts em erge as both perceptions and behaviors, in  such form s as degree of use, 

perceived im portance of various netw ork applications, perceived increases or decreases in  work 

and com m unication efficiency and  effectiveness, and changes in  w ork or com m unication patterns.

1.4. The Research Approach

The conceptual and methodological approach of this research begins from  the prem ise 

that in  o rder to m axim ize the value and utility of electronic netw orks, they m ust be designed 

w ith the needs and  goals of their users in m ind. The user-based conceptual and methodological 

approaches exemplified by the current study are described below.

1.4.1. User-Based Approaches to the Study of Information and Communication Activities

Inform ation seeking and  use is a cognitive activity tha t takes p lace w ith in  a com plex 

social m atrix. In recognition of this, a num ber of researchers from a variety  of disciplines have 

ap p lied  user-based  app roaches to the  investigation  of in fo rm ation  an d  com m unication  

activities. These approaches have been used to investigate the inform ation needs and uses of 

particular com m unities of users and are often intended to im prove the design and evaluation of 

particu lar inform ation system s and services. In such w ork, special attention  is often g iven to 

ind iv iduals ' needs, goals, actions, and settings. U nderstanding the user context is im portant 

because it not on ly  uncovers p roblem s w ith  existing system s and  services, it elucidates 

underly ing  needs in a way that can gu ide the developm ent of new  generations of systems. It 

also po in ts to im provem ents in policies—as opposed to technology features p er se—that could 

significantly enhance the effectiveness of system s and services. Finally, user-based approaches 

tend to reveal w ays in which new  technologies are changing the way people w ork and learn, as
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opposed  to sim ply recording w ays in w hich new  technologies a re  autom ating people 's standard  

a c tiv itie s .

The cu rren t s tudy  is not based exclusively on any single theory or m ethod developed  in 

p as t research. The phenom ena of in te rest-eng ineering  w ork and  com m unication, netw ork  use, 

factors associated w ith  netw ork  use, an d  netw ork ing  im p ac ts-h av e  been s tu d ied  from  the 

perspectives of a variety of social science disciplines, including library and  inform ation science, 

com m unications, sociology, psychology, m anagem ent. Even w ithin each of these disciplines 

there is no unified theory of com puter-based com m unication and its relationship  to know ledge 

transfer and the conduct of work; nor is there com plete consensus on appropria te  definitions for 

concepts o r m ethodological approaches. Across disciplines, there is even g rea ter varia tion  in 

the conceptual and theoretical base for studying  netw ork use in work com m unities. W hile user- 

based  research arises in  all of these disciplines, and  shares the general characteristics and  

concerns described above, results have n o t yet led to conclusive evidence ab o u t the natu re  and 

im pact of netw ork use, and theory rem ains underdeveloped.

Thus, th is s tu d y  d raw s its assum ptions, goals, and m ethodological techniques from  

several re levan t sources, in teg rating  them  in a m anner ap p ro p ria te  to  its  o w n  particu la r 

pu rposes. It also  b u ild s  on  the approaches an d  techniques that the researcher has used  

successfully in  earlier w ork on scientific and technical inform ation transfer. P rev ious research 

tha t has been m ost influential in  shaping the conceptual and m ethodological approaches of the 

cu rren t study  is highlighted below  and  discussed m ore fully in C hapter 2, w hich also describes 

relevant results from previous research on engineering w ork and networking.

In an  earlier s tu d y , the researcher explored  the im pact of electronic n e tw orks on 

scientific w ork and com m unication from  a user perspective (M cClure e t al., 1991). This study  

repo rted  on the use of different netw ork  applications to support particular research  activities, 

on  technical and  non-technical problem s and issues experienced by  users, and  on perceived 

im pacts of netw ork  u se  on the conduct of research  and  on form al and  in fo rm al scientific
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com m unication. This s tu d y  produced resu lts that w ere used by Federal po licym akers an d  

netw ork  service p roviders to inform  the developm ent of netw ork  services an d  policies and  

predict the im pact of netw orking  on scientific research; these are  also the goals of the cu rren t 

study.

The w ork  of o ther netw orking researchers also contributes significantly to the cu rren t 

study . S proull and  Kiesler argue for the im portance of considering  social and  behavioral 

factors in  the investigation  of netw orking. Their influential w ork  in the a rea  of electronic 

com m unication (see Sproull & Kiesler, 1991 for an overview ) is based on the  assertion  tha t 

although organizations m ay im plem ent netw orked system s in the hope th a t they w ill increase 

the speed o r decrease the costs of w ork, the broader im pact of netw orks d ep en d s on how  they 

affect the natu re  of w ork  and  the environm ent in which work is perform ed. H iltz 's pioneering 

w ork on the  u se  of electronic netw orks in  scientific environm ents (see, e.g., H iltz, 1984) has 

dem onstrated  the im portance of exam ining, in tandem , individuals ' behavior and  perceptions 

in  o rder to arrive a t an understand ing  of netw orking use and im pacts tha t is bo th  practically 

and theoretically useful. The current research is also related to previous stud ies of netw orking 

im pacts that address the relationship of com puter-m ediated com m unication (CMC) to task and  

social aspects of w ork (e.g., Foulger, 1990; Steinfield, 1986a).

A num ber of pioneering studies of inform ation needs and use also inform  the approach 

adopted  by the cu rren t research. Taylor's (1991) theoretical investigation of "inform ation use 

environm ents" em phasized the im portance of understanding the context in w hich inform ation is 

sought, conveyed, and  applied. Context for professional groups, including engineers, is defined 

by Taylor as a com bination of the natu re  of w ork problem s, solutions, and  settings associated 

w ith particu lar types of jobs. Taylor assum es, in o ther w ords, th a t m em bers o f a profession 

share tasks, goals, and  needs in a way that influences their use of inform ation. The curren t 

s tu d y  is a lso  close, concep tua lly , to em pirical research  on  sc ien tific  an d  technical 

com m unication and inform ation exchange conducted by Allen (1984) and G arvey (1979). These
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researchers identified and described communication sources and  channels used by engineers and 

scientists, respectively, and connected them  w ith various w ork tasks and outcom es.

A sh ift in  em p h asis  tow ard  the s tu d y  of cogn itive an d  s itu a tio n a l variab les 

su rround ing  inform ation needs and  uses, and  aw ay from  users' personal characteristics and 

specific system  features, has been advocated by a num ber of com m unications and  inform ation 

science researchers, m ost notably  D ervin and N ilan  (see D ervin & N ilan , 1986 for their 

discussion of this approach). Following their argum ents, the current study  also devotes special 

a tten tion  to u n d ers ta n d in g  w h a t there is about a particu la r situation  tha t encourages an 

individual to use netw orks in fulfilling an  inform ation need. In term s of the four program s of 

research in scientific com m unication identified by Lievrouw (1988), the curren t s tudy  is closest 

conceptually  to w hat she term s "user studies" (where inform ation is treated  as a com m odity 

w hose value d ep en d s  on user needs) an d  "lab studies" (w here inform ation is trea ted  as  a 

construction, and value resides in the m eanings and perceptions of individuals).

M any inform ation and com munication system designers ignore three im portan t aspects 

of user-based design: the personal characteristics of users, the particu lar tasks and  activities 

tha t netw orks are to suppo rt, an d  the social m atrix in  w hich these tasks and activ ities are 

carried ou t. There are, how ever, a  num ber of researchers w ho advocate user-based approaches 

to system  design. Galegher and Kraut (1990) argue that understanding the user's w ork and  work 

environm ent is a critical factor in the design of inform ation and com m unication system s. They 

note th a t "the history of experience with telecommunications and com puter-based inform ation 

system s contains m any instances of expensive technological failures tha t are a t least partly  

attribu tab le to designs that d o  not m esh well w ith the social and behavioral system s in which 

they are to be used" (p. 4). Wixon, Holtzblatt, and Knox (1990) also insist on the im portance of 

understand ing  how  new  technology "supports, extends, and  transform s users' work" and  of 

adop ting  research techniques "that yield an understanding of real custom ers [i.e., users] solving 

real problem s in the real world (p. 330). Similarly, Gould, Boies, and Lewis (1991) em phasize
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the im portance of first understanding the w ork and w ork environm ent of those people for w hom  

productiv ity-enhancing inform ation systems are designed.

Finally, the cu rren t study  also draw s on a num ber of im portan t sociological studies of 

scientific and  technical w ork an d  com m unication for its conceptual approach. Such studies 

dem onstra te  th a t scientific and  technical w ork  and com m unication does not take p lace in a 

v acuum  b u t is em bedded  in  a w eb of personal and  political m otivations (C harlesw orth , 

Turnbull, & Stokes, 1989; G ilbert & Mulkay, 1984; Latour & W oolgar, 1979).

In sum m ary , a num ber o f user-based approaches have been applied  to the  study  of 

in form ation  and  com m unication  activities and  technologies. The cu rren t research  applies 

ap p ro p ria te  assum ptions and techniques from  this body  of w ork to  the s tu d y  of the u se  of 

electronic netw orks by aerospace engineers. Based on the dem onstrated  u tility  o f th is body  of 

w ork  and  on the lack of user-based investigations of netw orking, th is study  argues tha t it is 

v ita l th a t ne tw o rk  service p ro v id ers  and  policy m akers u n d e rta k e  system atic  em pirical 

evaluation of netw orking  from a user perspective. It also asserts tha t decisions abou t netw ork 

im p lem en ta tio n  sh o u ld  n o t be based  exclusively  on  technical, econom ic, o r political 

considerations. W e know  relatively little about the users and uses of netw orks in term s of how 

netw orks are in tegrated  into the w ork lives of those people w hose activities they are  m eant to 

support. Few user-based evaluations of networks have been done that are system atic, em pirical 

investiga tions of netw ork  users ' behavior and  perceptions, and  th a t p rov ide insigh ts into 

critical success an d  failure factors in networking.

1.4.2. Developing a User-Based Model of Networking in Aerospace Engineering

Broadly speaking, the goal of this research is to describe and  explore the w ays that 

electronic netw orks a re  being integrated into the w ork lives of a particu lar com m unity of users. 

It is based on the prem ise that the use and impact of electronic netw orks on aerospace engineers 

is related to the natu re  of their com m unication and work. Thus, the em phasis of the study  will
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be on  th e  identification of characteristics of w ork an d  com m unication activities, environm ents, 

and  situations tha t a re  associated w ith netw ork use. Since netw ork  use is exam ined w ith in  the 

context of w ork  an d  com m unication, social and  behavioral determ inan ts an d  effects of new  

com m unication technology will be given special attention.

Figure 1-1 p resen ts a m odel o f the aerospace engineer's u se  of electronic netw orks th a t is 

used  to identify and  organize concepts and  issues im portant in  th is study. The m odel represents 

the study 's  focus on those netw ork uses, impacts, and  factors associated w ith use th a t operate 

w ithin the context of the aerospace engineering w ork environm ent. According to the conceptual 

m ode l, an  ae ro sp ace  en g in ee r m ay use electron ic n e tw o rk s—given  a p a r tic u la r  se t of 

circum stances tha t a re  com bined in the work environm ent—to access the  variety  of resources 

requ ired  to accom plish a particu lar w ork  task. The m odel dep ic ts  the env ironm en t w ith in  

w hich in d iv id u a ls  u se  netw orks as  a com plex b lend  of social, behavioral, technical, and  

s ituational factors.

The conceptual m odel is based on  descriptions of engineering w ork and  com m unication 

that have appeared  in  the literature. This literature is review ed in  C hapter 2. Reports of the 

inform ation seeking and  use behavior of engineers (e.g., A llen, 1984; G ould & Pearce, 1991; 

K aufm an, 1983; Krem er, 1980; Pelz & Andrews, 1966; Pinelli, 1991a; Rosenbloom  & W olek, 

1970; Shuchm an, 1981) describe the engineering resources needed by engineers to  perform  their 

w ork. These resources include people, such as  colleagues, eng ineers in o ther organizational 

units, custom ers, vendors, and consultants. They also include a w ide range of p rin t and  online 

in fo rm atio n  reso u rces  such  as tra d e  journals, technical rep o rts , p a rts  lis ts , technical 

sp e c if ic a tio n s , b u d g e ts  an d  sc h ed u le s , d e s ig n s  an d  d e s ig n  h is to rie s , la b o ra to ry  

n o te b o o k s,m an u a ls , an d  textbooks. Finally, en g in ee rin g  reso u rces in c lu d e  to o ls  for 

experim entation , analysis, and  perform ing calculations.

Engineering resources are used in  the perform ance of a w ide range of engineering tasks 

an d  activities. These a re  described in  inform ation science an d  com m unication  sources, in
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p o p u la r  and  professional descrip tions of the w ork of engineers, an d  in  sociological and 

historical scholarship  devoted  to the s tudy  of technology (see, e.g., A dam s, 1991; Buhl, 1969; 

F lorm an, 1987; Kamm , 1989; Kem per, 1990; Ritti, 1971; Taylor, 1991; V incenti, 1990). 

A ccording to these sources, the kinds of tasks and activities tha t eng ineers perfo rm  include 

identifying problem s, conducting experim ents, writing proposals, analyzing perform ance data, 

scheduling and review ing w ork, building prototypes, and  w riting docum entation an d  technical 

reports . These sources also describe various social, behavioral, technical, an d  situational 

aspects of the engineering w ork environm ent. They suggest tha t the use of engineering resources 

an d  technology and  the perform ance of engineering tasks and  activities canno t be separated 

from  the w ork environm ent in  which they occur. Engineering work, for exam ple, is typically 

conducted  w ith in  stric t tim e an d  resource constrain ts, involves ex tensive a n d  in tensive 

team w ork, and  is subject to personal and political influences.

This study  asks questions and adop ts techniques appropriate to its user perspective and 

to  the concepts and  issues it explores. It em ploys a user-based approach  to investigate the 

relationships betw een netw orking and aerospace engineering com m unication and  work. This 

m eans that it does n o t focus on technology or organizational issues, bu t investigates netw ork use 

from  the perspective of individual engineers. The research relies on their ow n descrip tions of 

their w ork tasks and com m unication behavior rather than on existing classification schem es or 

on  the  op in ions of people o ther than  those engineers w ho ac tua lly  p a rtic ip a ted  in  the 

investigation.

The d a ta  collection activities p u rsu ed  in  th is s tudy  are inductive an d  cum ulative. 

P relim inary  activities included site visits, a telephone survey, and ind iv idual interview s with 

aerospace engineers. Experience gained in each activity was used to select specific m ethods and 

refine instrum ents used in subsequent data gathering stages. W hile the research questions are 

answ ered  p rim arily  w ith  d a ta  collected in  the national m ail survey , the  in -d ep th , sem i­

structured  interview s w ith aerospace engineers are used to enhance the d ep th  o f the study 's user
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perspective. The interview s are used, in  o ther w ords, to identify netw ork  uses, im pacts, and 

factors affecting netw ork  use tha t a re  m ost m eaningful from  the p o in t of view  of aerospace 

engineers. T hus, the in terview s are  im portan t in im proving both  the  valid ity  of the  survey 

results an d  one 's  ability to interpret them.

1.5. Study Sponsors and Advisors

This s tu d y  is sponsored  by the N ational A eronautics an d  Space A dm in istra tion  

(NASA) an d  the D epartm en t o f Defense (DoD), u n d er the um b rella  of th e ir  A erospace 

K now ledge D iffusion Research Project (Pinelli, K ennedy, & Barclay, 1991). The C enter for 

Survey Research (CSR) a t Indiana U niversity w as u nder contract to p rov ide  technical advice 

an d  production  assistance; technical advice w as provided by the Project's NASA investigator 

as  well. The researcher selected all approaches and techniques used in the study , designed and 

developed all the instrum ents, and oversaw  the coding and statistical analysis of survey  data. 

CSR staff conducted  the prelim inary phone survey; p roduced, m ailed, and  collected the mail 

questionnaires; coded and entered survey data, and perform ed requested  statistical analyses. 

S taff at the Library Research Center a t the U niversity of Illinois a t U rbana-C ham paign also 

perform ed statistical analyses associated w ith  the mail survey results. C om pu ter softw are 

w as used in  the telephone interview s to autom ate data  collection and  analysis an d  w as also 

used  in the statistical analysis of mail survey results.

1.6. Benefits of the Research

This s tudy  contributes to existing know ledge about both the use  of electronic netw orks 

an d  the natu re  of engineering w ork and com m unication. Systematic s tudy  of these dom ains is 

relatively recent, so findings from  the s tudy  m ay be used to stim ulate the developm ent of 

theory. The s tudy  also provides exam ples of user-based techniques for study ing  inform ation
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and  com m unication  technologies th a t may be useful to other researchers. A s netw orks evolve 

an d  as  the  size an d  heterogeneity  of the netw ork ing  com m unity  increases, it w ill becom e 

increasingly im portan t to gain  experience w ith the conduct of user-based research  in  the study  

of com pu ter netw ork ing , in  o rd er to gain insights into the needs and activ ities of d ifferen t 

com m unities of users (Bishop & Bishop, 1994). The current study  will help  to identify, develop, 

and  refine o f user-based m ethods for the investigation o f electronic netw orking.

F indings from  th is investigation are  also in tended  to be of practical value. Electronic 

netw orks seem  to offer m any opportunities for facilitating and im proving engineering work. But 

the m edium  and its use require careful scrutiny in o rder to realize projected benefits. Results of 

th is research w ill p rov ide baseline data  on the current use of electronic netw orks by aerospace 

engineers. Perhaps m ore im portantly, results will suggest reasons w hy netw orks are used, o r not 

used , by  aerospace engineers in the perform ance o f particu lar w ork tasks. It is  only recently 

tha t netw orking  has becom e w idespread enough for these data to be m eaningful, i.e., indicative 

of fu tu re use patterns. This inform ation can be used by Federal policy m akers, netw ork  system  

designers, netw ork  service providers, and engineering m anagers as a basis for inform ed decision­

m ak ing  re la ted  to netw ork  investm ents, design  features, im p lem en ta tio n  s tra teg ies, and  

m anagem en t and  u se  policies. A lthough the context for the cu rren t s tu d y  is aerospace 

engineering, m any o f the results obtained, hence m any of the study 's  benefits, are  also expected 

to be relevant beyond the dom ain of aerospace. This is because the  research w ill describe m any 

needs, activities, goals, and constrain ts that are generic to engineering w ork, com m unication, 

and  netw ork  use. F indings un ique to the aerospace industry  are  fairly easily  in te rp re tab le  as 

such.

This s tu d y  also produces benefits for professional engineering  societies and  for the 

library com m unity. Findings can help inform ation service p rov iders and  in term ediaries who 

w ork  w ith aerospace engineers better understand the inform ation seeking an d  use behavior of 

the ir clients. Recent years have seen an  u p su rge  in the n um ber and varie ty  of electronic

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

in fo rm ation  resources availab le to aerospace engineers. M any new  system s incorporate  

m echanism s for the exchange of both formal and  inform al inform ation. In these system s, 

inform ation professionals have a new  opportunity  to im prove service to their clients. But to do  

so, it will be im portan t to become m ore familiar w ith the natu re of w ork and  com m unication in 

aerospace eng ineering  and  w ith  the range of uses tha t engineers a re  find ing  for electronic 

netw orks. T hus, find ings from  the study  should  help  in the  strateg ic p la n n in g  of new  

inform ation system s and services in aerospace engineering environm ents.

Finally, the benefits of this research will be extended by dissem inating  the resu lts as 

w idely as possible. As noted above, one of the goals of user-based research is to  bring users' 

needs and problem s to the attention of those people who are in a  position to resolve them. Thus, 

it w ill be im portan t to  b ring  resu lts of th is study  to the atten tion  of b o th  institu tional and 

national policy m akers an d  service prov iders in engineering, netw orking, an d  inform ation 

com m unities. S tudy participants will receive a synopsis of research findings an d  conclusions. 

S tudy sponsors (NASA and  DoD) will receive a final report. O pportunities w ill also be sought 

to present results to a broader and more diverse audience.
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CHAPTER 2:
UNDERSTANDING THE USE OF ELECTRONIC NETWORKS 
IN THE CONTEXT OF AEROSPACE ENGINEERING WORK

2.1. Introduction

The m ajor goals of this study are to describe the curren t use of electronic netw orks by 

aerospace engineers and  to explore relationships am ong netw ork use and  aerospace engineering 

work and com m unication. Reviewing w hat is known about the aerospace industry, engineering 

w ork  an d  com m unication , an d  the use of electronic netw orks in science an d  technology 

environm ents sets the stage for the investigation by:

1) Providing background inform ation needed to achieve an  u n derstand ing  of the 
m ajor phenom ena of in terest in this s tudy , i.e., aerospace eng ineering  work, 
communication, and network use;

2) Providing an  overview of research approaches that have been used to investigate 
these phenom ena; and

3) D escribing the cu rren t state of know ledge rela ted  to these phenom ena and 
revealing gaps that the current study hopes to fill.

This investigation can be broadly classified as social science research. It seeks to understand

the w ay tha t aerospace engineers w ork and communicate and  the w ay that electronic networks

—an em erging technology that facilitates both inform ation processing and  com m unication-are

currently  perceived and used by aerospace engineers. Further, this understand ing  m ay be used

by netw ork designers and m anagers a t all levels to develop system s and  policies that are better

suited to the tasks and  needs of the engineering com m unity and, hence, m ore effective. The

phenom ena and issues that are relevant to the aims of the curren t study  have been investigated

by a variety  of disciplines, including inform ation science, com m unications, m anagem ent, and

sociology. This investigation draw s from and hopes to contribute to know ledge in these areas.
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Thus, the  lite ra tu re  review ed in  th is chapter is derived  from  all of these  d isc ip lines and  

incorporates social, behavioral, and  policy perspectives.

Some w ork has appeared  in the literature tha t explores the  nature of engineering w ork 

and  com m unication , b u t only a sm all portion  of th is focuses on the  aero space in d u stry  

specifically. F urther, no user-based em pirical stud ies of netw ork ing  ap p e a r to  have been 

conducted tha t deal extensively or exclusively w ith engineers in any field. Thus, th is chapter 

m ust cast a som ew hat w ider net in  seeking w hat is know n about the m ajor phenom ena of interest 

to this study: the chapter includes both popular and scholarly w ork on  netw orking and  on the 

natu re  of scientific and technical work, knowledge, and  com m unication, d raw ing  ou t that w hich 

appears particularly  relevant to the aerospace engineering environm ent.

This chap ter begins w ith  a brief overview  of the aerospace in d u stry  and  aerospace 

engineering jobs. The next section describes the nature of engineering w ork and  know ledge, 

focusing on  findings and  issues m ost applicable to aerospace engineers. The chap ter then 

prov ides an  overview  of findings from studies of scientific and technical com m unication tha t 

w ere conducted before the use of electronic networks becam e w idespread, b u t w hich m ay have 

im plications for understanding  the use of networks by aerospace engineers. It concludes w ith an 

overview  of descrip tions and  stud ies of com puter netw orking in  the scientific and  technical 

com m unity, focusing on findings related specifically to netw ork use and impact.

2.2. The Aerospace Industry 

Z2.1 Introduction

The purpose of this section is to define the study 's use of the term s "aerospace industry" 

and  "aerospace engineering" and  to identify characteristics of the in d u stry  th a t m ay play a 

role in  the use of electronic networks. It is also im portant to understand  the natu re  and structure 

of the aerospace ind u stry  and  the n a tu re  of aerospace eng ineering  in  o rd e r  to assess the 

applicability of study  results to engineering work in other industries.
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2.Z2. Nature and Structure of the Aerospace Industry

The aerospace in d u stry  encom passes firm s w hich p ro d u ce  airc raft, space vehicles, 

gu ided  m issiles, o r particu lar parts  and  accessories of any of those p roducts; i t  also includes 

ind iv iduals and organizations conducting  research in any  of a b road  range o f areas rela ted  to 

flight in  o r ou tside  the atm osphere (Pinelli, 1991b). The S tandard  Industria l C lassification 

(SIC) system  developed by  the U.S. governm ent can be used to b roadly  enum erate  the range  of 

p ro d u cts  and  activities typically  considered to  com prise the aerospace in d u stry  (A erospace 

Industries A ssociation,1991, p. 12). Major parts  and accessories related to  p ropu lsion  inc lude 

propellers, engines, and  propulsion units. Aerospace equipm ent and system s p roduced  include 

those used in flight for com m unication, search and detection, and  navigation an d  guidance. The 

general term  "avionics" is often applied  to such system s, w hich are  v irtually  all com puterized. 

O ther equ ipm ent and electronic system s are used on  the ground , for tra in ing  and sim ulation. 

A nother g roup  of aerospace industry  products are those collected un d er the  rubric "dynam ics 

and  control." These include aeronautical and navigational in strum en ts an d  m easuring  and  

con tro lling  devices. These classifications suggest the in c red ib le  d iv e rs ity  of p ro d u c ts  

m anufactu red  by aerospace firm s, w hich m ay vary  from  a single type  of seal to an  en tire  

aircraft.

The aerospace industry  is unusual in a num ber of w ays, a s  com pared  to o th e r  U.S 

industries. The nature and  structure of the industry  have been described in  a num ber of sources 

(e.g., A dam s & von Braun, 1962; Bluestone, Jordan, & Sullivan, 1981; G oldm an, 1985; Phillips, 

1971; Rae, 1968; Steckler, 1965). The aerospace in d u stry  inc ludes b o th  m ilita ry  an d  

com mercial segments. The U.S. governm ent is the largest custom er for aerospace products. D ue 

to  the  incred ib le  com plex ity , m ajor investm ent, and  ex trem e risk  assoc ia ted  w ith  the 

p roduction  of m ajor aerospace system s and products, the industry  is dom ina ted  by a sm all 

num ber of commercial firm s (Bluestone et al., 1981). Two firms, Boeing and McDonnell Douglas, 

account for alm ost one half of the industry ’s production, which is estim ated to  value abou t $127
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b illion  in  1991 (Dept, of Com m erce, 1991, pp . 22-3). O ther m ajor U.S. firm s are  N orth rup , 

G eneral D ynam ics, Lockheed, and G rum m an. These firm s typically 'b e t the com pany" each 

tim e they em bark on the developm ent of a new airp lane o r space vehicle (N ew house, 1982). 

O ther firm s of various types and sizes act as suppliers to these m ajor players by  contributing  

particu lar com ponents, parts, and accessories that a re  used to assem ble the final product. These 

inc lude major corporations such as General Electric, IBM, and U nited Technologies, in  addition  

to  a w ide range of sm aller firms. A num ber of aerospace engineers in academ ia, not-for-profit 

R&D labs, and  private firm s act as consultants to the firm s tha t m anufacture these aerospace 

technologies.

The aerospace sector is faring well in  term s of international com petitiveness, w ith  the 

trad e  surp lus expected to equal about $32 billion in  1991 and  is, on the other hand , increasingly 

characterized  by  in ternational industria l cooperation (Dept, of C om m erce, 1991, p . 22-1). 

N onetheless, the industry 's financial perform ance is low er than the com bined average for all 

m anufacturing firm s (p. 22-3), pointing to a need to im prove operating  efficiency.

The aerospace industry  leads all other industries in  term s of R&D expenditures, which 

w ere  estim ated  a t abou t $25 billion in  1988 (Aerospace Industries Association, 1991, p. 102). 

The U.S. governm ent funds the m ajority of this w ork, b u t funding has d ropped  som ew hat in 

recent years due  to cuts in the U.S. defense budget, and  is expected to continue to decline over the 

next five years. The m ajor governm ent funding sources are the N ational A eronautics and Space 

A dm inistration , the D epartm ent of Defense, the D epartm ent of Com m erce, and  the N ational 

Science F oundation (National Science Board, 1989). D ue to cuts in U.S. defense spending, m any 

m ajor firm s have recently experienced layoffs and are engaged in  restructuring their operations 

tow ard  nonm ilitary products.

Aerospace is generally characterized as a h igh technology industry , in  term s of bo th  its 

m eans of p roduction  and  its  ou tpu t. Com puter system s are used to control aircraft, space 

vehicles, and missiles; m any com ponents and subsystem s are also com puterized. In addition,
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com pu ter system s are  used to train  aerospace personnel, to design and  m anufacture aerospace 

technologies, and  to  conduct research. As a whole, therefore, aerospace firm s seem  to adop t 

inform ation technology earlier than  do firms in  a num ber of other industries (Shuchman, 1981).

T his brief overview  of the  nature and  structure of the aerospace in d u stry  highlights 

several key po in ts abou t the industry  that m ay have an  im pact on aerospace engineering w ork 

an d  com m unication  patterns an d , therefore, on  the use of electronic netw orks by aerospace 

engineers. For exam ple, because aerospace firms engaged in  m anufacturing m ajor system s and 

c o m p o n e n ts  a re  la rg e , com plex , h ig h -risk , a n d  d iv e rse  o rg a n iz a tio n s , ex ten s iv e  

in traorganizational com m unication is needed. Extensive interorganizational com m unication is 

required  w here the prim ary contractor relies on a num ber of sm aller firm s to produce particular 

p a rts  an d  accessories. Because the governm ent p lays a major role in  se tting  R&D agendas, 

regulating  the industry , and purchasing aerospace products, strong com m unication links exist 

betw een the industrial and governm ent sectors. A large part of this com m unication is devoted to 

nego tia ting  and  docum enting  com pliance w ith  com plex and form al p rocedu res rela ted  to 

governm en t repo rting  schedules, specifications, and  docum entation  production . Extensive 

form al reporting  requirem ents are needed because of the com plexity, uniqueness, and  lengthy 

developm ent tim e of m any aerospace products. They are also needed because p roduct failures 

can lead to the serious losses in term s of both hum an life and equipm ent in w hich m illions of 

do llars have been invested.

The aerospace industry  is highly com petitive and engages in extensive m ilitary work. 

T hus, b o th  p ro p rie ta ry  and  security  concerns w ill d rive  the com m unication  behav io r of 

aerospace engineers and  the developm ent of com m unication system s in tended for use in the 

aerospace industry. R&D expenditures in the aerospace industry are enorm ous. This points to 

the im portance of studies aim ed a t understanding com m unication efficiency and  effectiveness, 

since R&D is largely a com m unication activity. The extent of R&D in aerospace also indicates 

the  in d u stry 's  reliance on both scientists and  engineers. The ex tensive use of advanced
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technology in aerospace signals tha t aerospace engineers m ay have greater need for and access 

to advanced com puting and com munications infrastructure than d o  o ther kinds of engineers.

Z23. Aerospace Engineering

This section defines "aerospace engineering" as used in  th is s tudy  an d  describes the 

basic w ork  activities of the aerospace engineer. In practical term s, aerospace engineering is a 

label tha t is applied to  a very heterogeneous g roup of activities, and  "is som etim es used m ore to 

designate all engineering activities in  the broad industrial sector know n as aerospace than to 

app ly  to a specifically defined field of engineering" (Kemper, 1990, p . 257). T hat is the scope 

of the term  that will be adopted  in this research. A degree in  aerospace engineering im plies a 

focus on aerodynam ics, b u t the industry  also em ploys significant num bers of ind iv iduals whose 

education  and  train ing  is based in m echanical, civil, electrical, m aterials o r o th e r types of 

engineering. A ccording to the Occupational Outlook Handbook p repared  by the D epartm ent of 

Labor (1990, p. 64):

A erospace engineers design, develop, test, and  help  p roduce com m ercial and  
m ilitary  aircraft, m issiles, and  spacecraft. They develop new  technologies in 
com m ercial aviation, defense systems, and space exploration, often specializing 
in  a re a s  lik e  s tru c tu ra l d es ig n , g u id a n c e , n a v ig a tio n  and  c o n tro l, 
instrum entation  and  com m unication, or p roduction  m ethods. They also m ay 
specia lize in  one type of aerospace p roduct, such a s  passen g er p lanes, 
helicopters, spacecraft, o r rockets.

This succinct description highlights the great diversity of aerospace engineering work.

Practicing engineers in the aerospace industry  can be located in  industry , governm ent,

academ ia or other not-for-profit labs. M any aerospace engineers a re  engaged in  m anagem ent

activities. Kem per (1990, p . 257) and others note tha t because the aerospace industry  is on  the

cu tting  edge of technical know ledge, it has alw ays been closely associated w ith  scientific

research; thus, a com paratively large num ber of aerospace engineers are engaged in scientific

activities. The N ational Science Foundation reports  tha t in 1986, there w ere ab o u t 110,500
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aerospace engineers em ployed  in  the United States. This figure rep resen ts  abou t 5% of all 

engineers (National Science Foundation, 1987).

2JL4. The Aerospace Industry: Summary and Conclusions

This section identified  basic characteristics of the aerospace in d u s try  an d  aerospace 

engineering. The current research describes the way that electronic netw orks a re  used to support 

aerospace engineering w ork and  com m unication. Clearly, the un iversity  aerospace engineer 

involved in  research on the aerodynam ic properties of wing foils will b e  involved  in activities 

w hich differ from  those of the corporate aerospace engineer w ho m anages the  m anufacturing  

division of a  large aerospace firm  that produces jet engines. The w ork of the aerospace engineer 

w ho designs circuit boards for guided missiles will, in turn, differ from  th a t of the engineering 

researcher o r  m anager. Because of this d iversity  and  its im pact on  com m unication  patterns, it 

w as im portan t to analyze the results of the curren t research in  term s o f various w ork-related  

dim ensions, such as respondents' prim ary area of w ork specialization, type of em ployer, type of 

engineering product o r process, and  m ajor job function. The d iversity  inheren t in the w ork  of 

aerospace engineers, if com bined w ith the ability  to  isolate the peculiar characteristics of the 

aerospace industry  and to analyze netw ork use along various w ork-related  d im ensions, also 

m eans tha t resu lts of the curren t study  will allow  inferences abou t the  u se  of netw orks by 

engineers em ployed in other industries w ho perform  functions sim ilar to  those of the aerospace 

engineer.

2.3. Engineering Work

23.1. Introduction

The basic features of the aerospace industry  and jobs perform ed by  aerospace engineers 

have been described above. This section explores the natu re  of engineering  w ork in greater 

detail, b u t to  do so it m ust step  ou tside the aerospace realm . W hereas the p rev ious section
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highligh ted  un iq u e  characteristics of aerospace engineering, th is section d iscusses aspects of 

engineering w ork tha t are com m on to all fields. W hat is engineering w ork like? W hat tasks 

an d  activities a re  perform ed by engineers on  a day-to-day basis? These questions are explored 

in the m anagem ent, inform ation science, and  science and  technology policy literature, an d  also 

in literatu re th a t deals, broadly  speaking, w ith the natu re  of the engineering profession. These 

q uestions are im portan t because the p rim ary  aim  of this study  is to describe rela tionsh ips 

am ong w ork  tasks, com m unication  activities, and  netw ork use as they occur in  engineering 

env ironm en ts . T herefore, it is critical to describe engineering  w ork  as  realistica lly  and  

specifically as possible and to explore the w ay that com m unication facilitates various w ork 

tasks.

This section describes engineering w ork processes on both "m acro" an d  "m icro" levels 

and  h igh ligh ts the  d iversity  inheren t in  engineering work. F lorm an, an  eng ineer w ho has 

w ritten  extensively on  the n a tu re  of the profession, proclaim s that (1987, p. 64) "the essence of 

eng ineering  lies in its need and  w illingness to em brace opposites. Em piricism  and  theory, 

craftsm anship  and  science, w orkshop  and  laboratory, appren ticesh ip  and form al schooling, 

p r iv a te  in itia tive  an d  governm en t ven tu re , com m erce and  in d e p en d e n t professionalism , 

m ilitary  necessity and  civic b en e fit-a ll of these and m ore have their place." For a variety of 

perspectives on the history and  nature of engineering work, see A dam s (1991), K am m  (1989), 

N oble (1982), Pletta (1984), and Schon (1967). The next section describes the engineering process 

a t a m acro level an d  relates th is to the tasks and  activities tha t the ind iv idual engineer is 

likely to  perfo rm  on a day-to-day basis. It also describes som e of the goals and  constra in ts 

inheren t in engineering work.

23.2. A Macro View: The Engineering Process

The characteristic activity of engineers is m aking things. Expressed m ore form ally, 

eng ineering  is u sua lly  defined  as the application of scientific know ledge to  the  creation  or
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im provem ent of technology for hum an use (Kemper, 1990, p. 3). The te rm  "technology" as used 

in  the  context of describing engineering w ork encom passes tangible p roducts, system s, and 

structu res. It also includes in tangible entities, such as processes. Because eng ineering  is 

essentially  the construction of m anm ade objects, engineering w ork is often described, a t the 

m acro level, as a process that originates w ith the first idea for a new  o r im proved technology 

and ends w hen the technology is p u t into use.

The N ational Research Council (1991, p. 17) describes w h a t it calls "the p ro d u ct 

realization process" as extending "over all phases of product developm ent from  initial planning 

to custom er follow-up." Phases included in this process are: definition of custom er needs and 

p ro d u ct perform ance requirem ents, p lanning for p roduct evolution, p lann ing  for design  and 

m anufacturing, p roduct design, m anufacturing process design, and production. The technology 

transfer process is also often described as encom passing stages th a t m ove from  research to 

com m ercialization (see, e.g., Ballard et al., 1989; Bishop & Peterson, 1991; M arquis & G ruber, 

1969; Pinelli, 1991b). In his book on the engineering profession, K em per (1990) describes the 

m ajor functions tha t are traditionally  regarded as parts  of "the engineering spectrum " (p. 23), 

including: research, design and  developm ent, testing, m anufacturing /construction , and sales. 

Similarly, R oadstrum  (1967, p. 12) notes that people doing engineering w ork m ay be occupied in 

research and developm ent, design, m anufacturing, testing, and m arketing.

Based on nearly four decades of experience in private-sector engineering, H ughes (1990, 

p. 170) describes the  "generic new  product in troduction  cycle" as beg inn ing  w ith  m arket 

ev a lu a tio n  and  the  d ev e lo p m en t of com petitive  tactics and  p ro g ress in g  th ro u g h  the 

developm ent of technical specifications, p roduct/p rocess definition, testing and refining, field 

testing, production, and delivery. This description of engineering work provides the foundation 

for H ughes' recom m endations for im proving the m anagem ent of the engineering process. O ther 

m odels in the m anagem ent literature focus on particular stages of the engineering process, such 

as R&D, design, or m anufacturing. To provide a context for her d iscussion of engineering
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in form ation  system s, M ailloux (1989, p. 239) notes tha t "conceiving, p lann ing , estim ating, 

designing, prototyping, testing, evaluating, and  im plem enting are steps in a continuum  from  the 

first idea to the final physical o b je c t," and that "these steps are  necessarily carried  o u t w ithin 

and  as p a r t  of a m anaged , com plex effort tha t usually  rep resen ts  a sign ifican t financial 

outlay."

These descriptions of the major stages in  the engineering process ap p ly  generally to  all 

k inds of engineering, including aerospace engineering. Pinelli (1991b, p . 12) uses a m odel of 

w hat he calls "the aerospace innovation process" to describe the inform ation processing system  

of aerospace scientists and  engineers. His m odel resem bles those described above. It depicts 

five basic stages: research, design and  developm ent, m anufacturing and production , m arketing 

and sales, and service and maintenance.

A great deal of em phasis in recent literature is placed on integrating, o r sim ultaneously 

com pleting, the various stages of the engineering lifecycle, from  research and  developm ent to 

design , m anufacturing, and  m arketing. Efforts to  accom plish th is  u sua lly  go by  the nam e 

"concurrent engineering," which aim s to m ake the engineering process less sequential and m ore 

interactive. C oncurrent engineering is the attem pt to im plem ent a system atic approach  to the 

in te g ra te d , s im u lta n eo u s  d es ig n  of technologies an d  the  p ro cesses  re la ted  to th e ir  

m anufactu ring  and support. This approach  hopes to cause the designers to consider the 

requirem ents (e.g., financial, schedule, user, quality) associated w ith  all phases of the p roduct 

life cy c le -fro m  conception th rough  use--from  the outset. Stoll (1990, p . 86) exp lains the 

rational for taking a m ore in tegrative approach  to  p roduct developm en t o r im provem ent: 

"Perhaps the m ost serious [siej draw back of the serial approach  is th a t it often  leaves life­

cycle cost, quality, and developm ent lead tim e to chance. By the tim e problem s in  these areas 

a re  recognized, iteration to fix them  is often expensive and  tim e consum ing. The resu lt is 

n u m ero u s redesigns, suboptim al and  costly total designs, poor response to  m arke t and  

technological change, and excessively long design cycles."
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Rachowitz, M aue, Angrisano, & A bram son (1991, p. 66) describe concurrent engineering 

(called "task team ing") a t  G rum m an, a m ajor aircraft firm: 'T ask  team ing facilitates design 

changes w hen they are m ost m anageable and easy to make. The result is p roduct optim ization- 

-quality p roducts m anufactured w ith  fewer errors in  shorter tim e and  a t a  low er cost." The key 

to concurrent engineering is com m unication and, increasingly, com m unication technology. As 

discussed below, m any engineering firm s are im plem enting electronic netw orks in  d irect support 

of concurrent engineering goals.

These high-level m odels of the engineering process are recognized as  idealistic, over- 

sim plistic, and  too linear, b u t they provide a basic fram ew ork for describing engineering w ork 

and  for analyzing  possible m anagem ent, policy, an d  in form ation in te rven tions to  im prove 

engineering effectiveness and productivity. The com plexity of the engineering process leads in 

som e cases to am biguous, conflicting, and overlapping definitions for particu lar stages of work. 

But the  com plexity of the process and the financial risks involved in b ring ing  p ro d u cts  to 

m a rk e t-o n  both organizational and  national lev e ls-d em an d s th a t a ttem p ts  a t defin ition  and 

understand ing  be m ade. Taylor (1991, p. 235) notes that another lim itation of these m odels is 

th a t the eng ineering  process inc ludes no t on ly  innovation  an d  the  d ev e lo p m en t of new  

technology b u t also small im provem ents and adjustm ents to existing products, processes, and 

systems.

This section has p rov ided  a few exam ples of w hat is variously  rep o rted  in the 

literature as "the innovation process," "the R&D process," "the technology transfer process," or 

"the p roduct realization process." These reports differ according to their au thors' field of study 

and aim , bu t they have a basic purpose which m akes them  relevant to th is research: they seek 

to describe and  explain the process by w hich new  or im proved p ro d u c ts  and  processes are 

d eve loped . Policy analysts and  o ther stakeholders in  the F ederal g o v ern m en t seek an 

u n d erstan d in g  of the  innovation  process in o rder to  im plem ent effective R&D, technology 

transfer, and industrial policies and  program s. Their ultim ate aim  is to im prove the advance of
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science an d  technology and  enhance the nation's productiv ity  and econom ic com petitiveness. 

The m anagem ent literatu re contains studies of the R&D process tha t aim  to g u id e  firm s in  the 

developm ent o f policies and  practices to encourage innovation, speed u p  p roduct developm ent 

cycles, an d  im p ro v e  p roductiv ity . Inform ation science lite ra tu re  uses such  m odels as  a 

fram ew ork  for investiga ting  scientific and  technical com m unication  w ith in  and  am ong  the 

various stages. C u rren t em phasis on  concurrent engineering  has refocused atten tion  on the 

im portance of defin ing the various stages of product developm ent in order to integrate them  in a 

m anner tha t w ill m ake the process m ore effective and efficient; m ore and  better com m unication 

is often  seen as  a p rim ary  m echanism  for accom plishing th is in tegration . W hat these m odels 

h ave in  com m on, and  w hy they are reviewed here, is that they provide a useful fram ew ork for 

the  discussion of engineering tasks and com munication, one that m akes sense w ith in  the context 

of institu tional and  national policy.

233. A Micro View: Engineering Tasks and Activities

E ngineering w ork  is also described in the literature in  term s of the k inds of tasks and 

activ ities w hich the typical engineer perform s on  a day-to-day basis. Because engineering 

cen te rs  on  th e  creation  o f new  th ings, m ost eng ineers perfo rm  a w ide  varie ty  of tasks. 

E n g in eerin g  w ork  in v o lv es  bo th  cogn itive  ac tiv itie s an d  physical ta sk s  th a t can  be 

c h a ra c te r iz e d  as  tech n ica l an d  non -techn ica l, ro u tin e  an d  in v e n tiv e , ra tio n a l and  

se rend ip itous . The typical engineer invents, m anages, m akes th ings, and  solves problem s 

re la ted  to all of these activities.

T here is general agreem ent in  the literature tha t an  ind iv idual engineer is likely to 

perfo rm  a w ide range of technical and  non-technical w ork tasks, including  m any tha t m ay be 

classified as in fo rm ation  or com m unication tasks. K em per (1990, p. 2) notes tha t there is 

"enorm ous variety  in  the kinds of things engineers do." He specifies a range of tasks tha t the 

typical eng ineer perform s, regardless of their stage in  the engineering process. Such tasks
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include defin ing  problem s, com ing u p  w ith new ideas, producing  designs, solving problem s, 

m anag ing  the w ork  of o thers, producing  reports, perform ing calculations, and  conducting  

experim ents. H ollister (1966, p . 18) also describes the w ork of the engineer as m ulti-faceted: 

"He begins w ith  an  idea, a m ental conception. H e conducts stud ies and , w hen  necessary, 

research  into the feasibility o f th is idea. He directs the bu ild ing and  operation  of w hat he has 

p lanned ."

M ailloux (1989, p . 239) reports tha t about "20% of an  engineer's tim e is spen t in the 

in te llectual activ ities of eng ineering— conceiving, sketching, calculating, an d  ev a lu a tin g — 

w ith  the  rem ain ing  80% spen t on activ ities associated w ith  creating , accessing, review ing, 

m anipulating, o r transferring information." According to Ritti (1971), engineering w ork consists 

of scientific experim entation, m athem atical analysis, design and  drafting, bu ild ing  and  testing 

of prototypes, technical w riting, m arketing, and project managem ent.

M urotake (1990) used participan t observation a t tw o com puter system s com panies to 

d ev e lo p  a taxonom y of en g in ee rin g  tasks and  ac tiv ities th a t is  q u ite  d e ta iled  and  

com prehensive. Five of the m ajor areas he outlines represent basic engineering process stages. 

These areas are listed below , along w ith the tasks they include:

• Environm ental scanning: M arket analysis, requirem ents analysis, technology scanning.

• Analysis: Problem  identification, idea generation, experim entation, m athem atical 
ana ly sis/sim u lation , cost analysis, trade-off analysis.

• Design: Mechanical design, electrical and electronic design, softw are design, overall 
system  design.

•  Developm ent: M echanical prototyping, electrical and electronic pro to typ ing , softw are 
coding and  debugging, overall system integration.

• Production: Production and process engineering, quality control, m aintenance and 
troubleshooting.

The o ther m ajor areas of w ork described by M urotake (1990), com m unication and  m anagem ent, 

take place throughout the engineering process:
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• M anagement: A dm inistrative or group  managem ent, project m anagem ent, technical 
m anagem ent, planning.

• Technical communication: W riting and  editing, drafting  and  draw ing, inform ation 
search, reading.

• O ther communication: Meeting and sem inar attendance, briefing p reparation  and 
presentation, education and  training.

M urotake's taxonom y includes descriptions of each of the tasks w ithin these m ajor areas. After

developing the taxonom y, M urotake surveyed 73 engineers a t the tw o com panies abou t their

activities. Each engineer com pleted a questionnaire by  ind icating  the total ho u rs  w orked a t

each task d u ring  that day. A ggregate results indicated tha t engineers spent about 45% of their

tim e in analysis, design , and  developm ent and  abou t 35%-40% percen t o f the ir tim e in

com m unication  activities (p. 30). M urotake 's detailed  descrip tion  of en g in ee rin g  w ork

dem onstrates the variety  of tasks and  the diverse natu re of the cognitive activities tha t are

undertaken . H is results indicate that there is a great deal of variety  in  engineering w ork, on

both  in d iv id u a l and  aggregate  levels, and  th a t com m unication  is  a critical aspec t of

engineering work.

W hinnery  (1965) presen ts a descrip tion  of engineering  w ork  th a t e labo ra tes the 

essential features of the engineering process (p. 13, citing O'Brien):

(1) The identification of a feasible and w orthw hile technical objective and 
definition of this objective in quantitative terms;

(2) Synthesis of know ledge and experience to conceive a design that m eets the 
technical objective; quantita tive analysis of the design concept to fix the 
necessary characteristics of each com ponent and to identify unresolved problem s;

(3) Performance of exploratory research and com ponent tests to  find solutions to the 
problems;

(4) Development of concept for the design of those com ponents w hich are n o t already 
av a ila b le ;

(5) Re-analysis of the design concept to com pare the predicted characteristics w ith 
those specified;

(6) Preparation of detailed instructions for fabrication, assembly, and  testing;
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(7) Production or construction; and

(8) O perational use, m aintenance, field service engineering.

N ote that in this description of engineering work, specific activities are described on ly  for the 

conceptual and  design  com ponents, no t for production  or m aintenance. D esign is usually  

considered the characteristic feature of engineering work; thus, tasks and  activities th a t m ake 

u p  the design process are m ost frequently studied and  described.

R oadstrum  (1967, p. 7) describes the design process as  "Conceive: get new  ideas. 

Experiment: try them  out. Design: w ork out the details and record on paper. Make: bu ild  one or 

m ore from the design. Test: try  out. Recycle: repeat and im prove as needed." A lger and  H ays 

(1964, p. 10) describe the engineering design process as encom passing "recognizing, specifying, 

p roposing  solutions, evaluating alternatives, deciding on a solution, im plem enting," and  discuss 

the n a tu re  of the specific activities that design engineers perform  in com pleting  these steps. 

Buhl (1960) elaborates a m odel of the engineering design process tha t suggests the  d iversity  of 

the cognitive activities involved:

• Problem  recognition: finding a problem situation or mess; problem  is formless.

• Problem  definition: bring form or orderliness out of problem  situation by determ ining 
specific problem  to be so lved-basic  function, reliability, producibility , operation , etc.- 
-and requirem ents which any solution m ust meet. Define in familiar term s and  symbols; 
dissect into subproblem s and  goals; place necessary lim itations and  restrictions.

• Preparation: by com pilation of all past experience in the form  of data, ideas, opinions, 
assum ptions, observations, m easurem ents, past solutions, previous analytical 
procedures.

• Analysis: analyze all the preparatory  material in  view of the defined problem s, 
interrelation, com parison, evaluation of all inform ation w hich m ay have bearing  upon  
a solution. Bring understanding and form ou t of p rep  data by analyzing it to  find out 
those few basic ideas which have some potential bearing on the problem .

• Synthesis: of a solution from analyzed information. Assemblage of the various item s 
analyzed to produce possible solutions. Solutions are combinations and arrangem ents of 
the analyzed data  and the specific problem s.

• Evaluation and  selection: evaluate possible solutions and select best. Verification and 
checking of various facets of the solution and coordination of all sub-problem  solutions 
into an  integrated whole. A decision. Com pare, judge, select, adop t solution(s).
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• Presentation an d  execution: presentation of necessary inform ation to o thers in  o rder to 
execute the solution. Activation of the solution to satisfy the need recognized. N eed to 
understand  m otivations and goals of others.

In Buhl's analysis, eng ineering  design  is dep icted  as a problem -so lv ing  activ ity . In fact,

eng ineering  w ork , especially  design , is often characterized  as a prob lem -so lv ing  activity .

Laudan (1984, p. 84) no tes that "change and  progress in technology is achieved by the selection

and  solution of technological problem s, followed by choice betw een rival solutions." M urotake

(1990, p . 18) no tes th ree  problem -so lv ing  activ ities in  design : b reak ing  a p rob lem  in to

m anageable subcom ponents; analogy to sim ilar, previously solved problem s; and  b ro w sin g /

seren d ip ity . G u indon  (1990) describes the early  stages of design  in  com pu ter so ftw are

engineering. H e offers an  in -depth  analysis of the technical problem -solving process in design

w ork, based on  relating  the results of his em pirical study  to o ther research. H e concludes that

top-dow n rational m odels of the decom position of design problem s app ly  only to the special

case of very w ell-structured  problem s whose correct decom position is a lready  know n. Most

decom positions are  opportun istic . They involve "the im m edia te  recognition  of a partial

solution in ano ther part of the problem , im m ediate handling of inferred o r added  requirem ents,

d riftin g  th ro u g h  partial solutions, and  in terleaving of prob lem  specification w ith  solu tion

developm ent" (G uindon, 1990, p. 327). This characterization of engineering problem -solving

highlights the diversity  of the cognitive tasks perform ed by engineers and  the need for flexible

access to m any different sources of information.

These descrip tions of the w ork tasks and activities of engineers indicate that the w ork

perform ed b y  engineers is often d iverse and m ulti-faceted, involving a b lend of physical and

cognitive activities. The descriptions of engineering tasks offered in  the literature suggest the

im portance of a variety  o f engineering resources, includ ing  colleagues, p rin t sources, and

analytical tools to engineering work. Further, they suggest tha t the use of these resources and

w ay are integrated into engineering w ork may be planned in some cases and very ad hoc in  other
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situations. Thus, these descriptions of engineering tasks and  activities suggest that the k ind of 

quick an d  flexible access to inform ation, analysis tools, and people that netw orking can provide 

m ay b e  an  im portan t factor in  facilitating engineering work.

A lthough engineers perform  m any tasks independently, m ost p roducts result from  team 

effort, requiring  engineers to share their know ledge and the results of their w ork w ith o thers 

(H olm feld, 1970, p . 156). For com plex products, team w ork is required  a t each stage of the 

engineering  process. Obviously, no single engineer, for exam ple, designs a jet engine. Design 

engineers often need to coordinate their w ork w ith the efforts of other design engineers so that 

various subcom ponents of the system  being designed fit together. The literature on concurrent 

engineering  indicates th a t team w ork is a natural requirem ent o f the need to progress through 

and  in teg ra te  the vario u s stages o f the eng ineering  process. L ite ra tu re  on  eng ineering  

com m unication, from  a variety of perspectives, will be d iscussed below. This literature (e.g., 

A llen, 1984; A ncona & Caldw ell, 1990; Barczak & W ilemon, 1991; Krem er, 1980; Shuchm an, 

1981) confirm s the im portance of team w ork in  engineering work. It indicates that bring ing  a 

p ro d u ct to  m arket requires, for example, that design engineers com m unicate w ith m anagem ent, 

legal staff, m arketing, and  m anufacturing to ensure com pliance w ith changing requirem ents and 

co n s tra in ts  and  th a t, fu rther, eng ineers need to com m unicate w ith  peop le  o u ts id e  their 

organizations, such as  clients, funders, and suppliers.

A nother im portan t aspect of engineering work that m ust be kept in  m ind is that it is not 

sim ply a technical endeavor. M urotake (1990, p. 20) describes the g roup  natu re  of engineering 

w ork  an d  em phasizes the im portance of its nontechnical elem ents. H e concludes th a t "the 

process of engineering w ork is no t only a technical one, b u t a social one in  which m anagem ent, 

com m unication, and  m otivation influence the efficiency, quality , an d  innovativeness of the 

project team 's work."

Engineering w ork takes place in a variety of environm ents, depend ing  not only on the 

n a tu re  of the p roduct being developed, and the stage of p roduct developm ent, b u t also on the
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nature of the em ploying organization. O rganizations em ploying engineers include universities, 

research centers, governm ent laboratories and agencies, and  private sector m anufacturers and 

consulting  firm s. The basic goal o f engineering is to p roduce usable p ro d u cts  a t the low est 

possib le cost. This goal d rives the w ork and  com m unication  activ ities of v irtua lly  all 

engineers, b u t it is m anifested to a different degree in different em ploym ent settings.

23.4. Engineering Work: Summary and Conclusions

This section described the natu re  of engineering w ork a t  several levels, by  presenting  

m odels of the eng ineering  process and d iscussing the tasks an d  activ ities tha t ind iv idual 

engineers perform . A ccording to the literature, engineering w ork is fundam entally  both a social 

and  a technical activ ity . It is a social activ ity  in  th a t it often  invo lves team w ork , as 

individuals are  required  to coordinate and integrate their work. Engineering is defined as the 

creation or im provem ent o f technology; as such, it clearly encom passes bo th  intellectual and 

physical tasks, i.e., bo th  know ing  and do ing. The characterization  o f eng ineering  w ork 

presented here suggests im m ediately the im portance of com m unication to the accom plishm ent 

of w ork tasks at both  the m acro and micro levels. It also suggests that engineers require access 

to a variety of tools and  resources in order to accomplish their work. Thus, one w ould conclude 

that electronic netw orks, to the extent that they facilitate com m unication and  extend access to 

needed  analytic tools an d  inform ation resources, have the potential to g reatly  im prove the 

conduct of engineering work. The next section explores the natu re  of engineering know ledge in 

order to arrive at a deeper understanding  of engineering w ork, w hich m ay b e  view ed as the 

creation of knowledge, and  engineering com munication, which m ay be viewed as the transfer of 

knowledge.
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2.4. Engineering Knowledge

2.4.1. Introduction

W hat k inds of know ledge do  engineers need to perfo rm  the  tasks and  activ ities 

described above? How is this knowledge acquired? These questions m ust be answ ered in  order 

to understand  the substance of engineering com m unication and  its relationship  to  engineering 

w ork . R esearch in  th e  sociology and  h isto ry  of technology  s triv es  to w ard  a be tte r 

u n d ers ta n d in g  of the  n a tu re  of technological w ork, the w ay th a t new  technologies are 

developed, and  the g row th  of technological know ledge. A lthough th is body  of w ork  is less 

well developed  than  is w ork  devoted  to the investigation of scientific know ledge, it has 

yielded useful findings. This section describes findings, from  a sociological and  historical 

perspective, on the nature of engineering knowledge, its relationship to engineering w ork, and 

the role o f the engineering com m unity in know ledge creation and  transfer. These topics are so 

closely in tertw ined , in fact, that it is difficult to discuss one w ithou t the o ther. As no ted  by 

Vincenti (1990, p. 257)"... engineering know ledge cannot—and should  not—be separated  from 

engineering practice. The nature of engineering know ledge, the  process o f its generation , and 

the engineering  activity it serves from  an inseparable whole. W hat w e eventually  need to 

com prehend is the w hole of engineering behav io r-w ha t it is tha t 'engineers really d o . '"

2.4.2. Anatomy of Engineering Knowledge

As noted above, engineering practice involves both know ing and  doing. L iterature on 

the nature of engineering w ork describes an activity that incorporates a r t and  craft, science and 

technology. Because engineering w ork is d irected to the achievem ent of social and economic 

goals, engineers also require know ledge about the world around  them , especially the costs and 

benefits (social, technical, and  financial) of their activities and  resu lts. Even the popu lar 

literature suggests the w ide variety of know ledge needed by engineers due  to the d iversity  of 

their w ork (Hollister, 1966, p. 18):
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[The engineer's] task  is no t alone tha t of contrivance w ith  m aterial th ings, for 
w hich he m ust possess an  extensive w orking know ledge of scientific princip les 
and facts. H e m ust also thoroughly understand the functions to  be perform ed by 
the projected w ork  w hen it is com pleted, the m ethods of its m anufactu re and  
construc tion , an d  the  econom ics th a t govern  its  use. H e m ust h av e  an  
un d erstan d in g  of the crafts tha t are  to  be used  an d  of the organization  o f the 
work. It is h is  responsibility to  coordinate and gu ide the contributions of labor, 
m achines, m oney, an d  ideas, and  to  exert the control necessary to a tta in  his 
objectives w ith in  the prescribed lim its of time, cost, and  safety.

F lorm an (1987, p. 64) em phasizes tha t engineering involves both rou tine and  creative thought: 

"A lthough  en g in ee rin g  is se rious an d  m ethodical, it con ta ins e lem en ts o f spon taneity . 

E ngineering  is an a r t  a s  w ell as a science, and  good  eng ineering  d ep e n d s  u p o n  leaps of 

im ag in a tio n  as  w ell as p a in stak in g  care" (p. 75). Scholarly lite ra tu re  on  th e  n a tu re  of 

engineering know ledge reinforces such popular accounts. D onovan (1986, p. 678) asserts that the 

range of scientific an d  technical know ledge used by engineers includes "not only  the m ore formal 

types o f experim ental an d  theoretical know ledge b u t also all form s of practical skill and tacit 

u nderstand ing  as w e l l ..."

Schon (1983) d ea ls  ex tensively  w ith  en g in ee rin g  in  h is  book  on  th e  n a tu re  of 

professional know ledge and  work. His w ork will be presen ted  in  som e detail h ere  because it 

p o rtrays bo th  w hat engineers do  and  the natu re  of the know ledge they need to perform  their 

w ork. Schon rejects the m odel of technical rationality  w hich is typically app lied  to scientific 

an d  technical professions. This dom inan t m odel po rtrays professional know ledge as "the 

application  of scientific theory and technique to the instrum ental problem s of practice" (p. 30). 

H e argues instead that the situations encountered by practicing professionals a re  increasingly 

characterized  by  "com plexity, uncertainty, instability, un iqueness, and value conflicts (p. 14); 

such situations require intuitive, artistic, and  ethical responses in addition  to  purely  technical 

and  rational ones. Schon labels this model o f professional w ork "tacit know ing-in-action" (p. 

49).
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To illustrate his argum ent, Schon describes the developm ent o f a new  process to produce 

a desired  gunm etal color. He represents the activities of the mechanical engineers involved in 

th is project as  "a reflective conversation w ith  the m aterials of the situation  ... [that] w ove its 

w ay  th rough  stages of diagnosis, experim ent, pilot process, and  p roduction  design" (p. 175). 

T h ro u g h o u t th is  process, experim ents a re  used to explore p u zz lin g  phenom ena, test the 

applicability  of po tentia lly  useful theories, or achieve particu lar technological effects. These 

experim ents, how ever, often produce unanticipated  phenom ena an d  outcom es, w hich then 

trigger new  hypo theses, questions, and  goals (p. 177). Schon's ana lysis  o f th is  and  o ther 

exam ples suggests tha t the know ledge required  to reach a technological solution is derived 

from  the in teg ration  of in tu ition , past experience, creativity (often in the  form  of analogy 

developm ent), theory , experim entation , an d  reflective th ink ing  th a t occui in  a particu lar 

problem atic situation. He also argues tha t engineering solutions incorporate social and ethical 

considerations.

The notion of tacit know ledge perm eates discussions of engineering work. Polanyi (1966, 

pp . 6-7) describes tacit k n o w led g e -p a rt experience, part in tu ition , p a rt tactile sensation—as 

com bining "know ing what" and "knowing how" and declares that it is expressed in  such actions 

as expert diagnoses, the perform ance of skills, and the use of tools. L audan (1984, p p . 6-7) 

discusses the tacit com ponent of engineering w ork and considers it to be a contributing factor in 

the inaccessibility o f technology and its practice to scholarly study.

Tacit know ledge is, by definition, not encoded in verbal form. A nother im portan t type 

of engineering  know ledge, visual inform ation, shares this characteristic. The im portance of 

visual inform ation in  technological w ork is the subject of a paper by Ferguson (1977) and  is also 

discussed by Breton (1981). Layton (1974, p . 37) describes this phenom enon, too: "technologists 

d isp lay  a plastic, geom etrical, an d  to some extent non-verbal m ode of though t that has m ore in 

com m on w ith th a t of artists  than  th a t of philosophers." The im portance of these tw o 

nonverbal m odes of thought is rooted in the essence of engineering as production of physically-
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encoded know ledge. Engineers m ust know how  to make things, and the results o f this know ledge 

are encoded  in  the objects p roduced . A num ber of au th o rs  have no ted  th is as a critical 

d istinction  betw een the natu re  of scientific and  engineering w ork  (e.g., A llen, 1984; Pinelli, 

1991a) an d  have suggested  its im plications for inform ation transfer. Both scien tists and 

engineers consum e and produce knowledge. But whereas scientists consum e an d  p roduce text 

(w ith  the  jou rnal artic le  as the archetypal form), engineers rely  m uch  m ore heavily  on 

nontextual inform ation, such as inform al com m unication, d raw ings, and  the investigation of 

physical objects to acquire the know ledge they need to perform  the ir w ork. S im ilarly, the 

o u tp u t of engineering  w ork is often nontextual in n a tu re  (e.g., designs, physical devises). 

A lthough th is  distinction betw een scientific and engineering know ledge is valid, it should  not 

cloud the fact that m any engineers perform  a num ber of tasks tha t are typically considered to 

belong to the realm  of science, such as experim entation, an d  tha t m any engineers requ ire  a 

know ledge of scientific theories to conduct their work.

The natu re  of the relationship between science and technology has often been discussed 

in  the literature , and the nature of engineering w ork and know ledge is often explored from 

w ith in  this context. A num ber of early theorists held tha t engineering w ork  w as a purely  

technical o r craft activity and that engineering know ledge derived  from  scientific know ledge. 

The do m in an t view  today seem s to be that technology rep resen ts an au tonom ous body of 

know ledge w hich interacts w ith science in complex ways. G utting (1984, p. 63), for exam ple, 

asserts  that: "Technology is (like pure  science) a cognitive en terprise, p ro d u cin g  its ow n 

d istinctive body  of know ledge about the w orld. Technology is also (unlike p u re  science) a 

practical en terprise, concerned w ith  the m ost im m ediately p ressing  needs of the society in 

which it exists." W eingart (1984, p. 115) argues that 'b o th  science and  technology are system s 

of know ledge evolving in  structures of social action." Layton (1974) concludes that technology 

is no t m erely applied  science or the use of techniques, th a t science is n o t the source of all 

technical know ledge, and that technology produces its ow n new  knowledge.
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O n the o ther hand, a num ber of w riters also po in t to sim ilarities in  the m ethodologies 

of science an d  engineering. Florm an (1987, p. 64) describes engineering w ork  as encom passing 

bo th  theory  an d  em piricism . Z im an w rites that (1984, p. 130): 'Technological developm ent 

itself has becom e 'scientific': it is no longer satisfactory, in the design of a new  autom obile, say, 

to rely on ru le  of thum b, cu t and fit, o r sim ple trial and error. Data are collected, phenom ena 

are  observed , hypo theses a re  p roposed , an d  theories a re  tested  in  the tru e  sp ir it o f the 

hypothe tico -deductive m ethod."

Research in  the sociology and  history of technology has shed ligh t on  the n a tu re  of 

eng ineering  know ledge, o ften  by a close exam ination  of the dev e lo p m en t o f in d iv id u a l 

technologies. H olm feld (1970), C onstant (1980), and Vincenti (1990) offer just such detailed  

s tud ies. M oreover, all th ree of these s tu d ies  a re  based  on investiga tions in  th e  field of 

aerospace engineering.

H olm feld (1970) produced  a sociological s tudy  of the com m unication behav io r of 70 

scientists and engineers w orking on the problem  of com bustion instability in  liquid  propellan t 

rocket engines. The s tudy  w as based on  in -dep th  in terview s conducted  in  a nu m b er of 

organizations. O ne focus of the study  w as on elucidating the natu re  of engineering know ledge. 

H olm feld found that "technological know ledge is based to a high degree on intu ition  g rounded  

in  extensive ind iv idual experience" (p. 121). M any of the engineers in terview ed em phasized 

tha t an  im portan t aspect of engineering know ledge resided in the "feel" tha t one has for the 

objects of w ork. Holmfeld concluded (p. 127) that part of this feel is im plicit, existing only in 

the m ind  an d  h an d s of the individual. The rest, how ever, w as m ade explicit an d  resided  in 

local records of test results, design variations, and o ther k inds of data . The con ten t of this 

know ledge includes calculations based on em pirical work, w idely agTeed upon ru les of thum b 

an d  practices, and the vague statem ents that are used to try to express the tacit know ledge 

em bodied in having a good feel for one's work.
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H olm feld also found three other com mon m echanism s for generating  needed know ledge 

in engineering w ork. Engineers rely on the "cut and  try" m ethod to refine and  fine tune (p. 129). 

T hey also  frequently  search th e ir  m em ories for fam iliar concepts an d  designs in  o rder to 

increase their confidence in som e new  variation (pp. 134-135). Finally, they m ake u se  of that 

scientific know ledge w hich they deem  to be relevant and  readily  applicable. This know ledge 

is often in  the form  of a sim ple fact, such as the op tim um  hole size o r speed  ro tation , derived 

from  scientific w ork (p. 148).

C onstan t (1980) presen ts a detailed history of the origin of the m odern  jet engine. His 

study  w as undertaken  in  o rder to explore "the nature of w idely shared technological traditions, 

the characteristics of and  in terrelations am ong the people w ho w ork w ith  those technologies, 

an d  th e  w ays in w hich  those  technologies change, specifically  th e  ro les an d  rela tive 

im portance of increm ental versus d iscontinuous or revolu tionary  changes, an d  th e  roles of 

advances in theoretical science an d  of testing and  experim ent in  technological change" (p. 3; see 

also W eingart, 1984 for a d iscussion  of the n a tu re  and s tru c tu re  of technological change.) 

C onstan t p resen ts a "variation-retention" m odel of technological change tha t is based on the 

process o f random  v aria tion  an d  selective re ten tion  th a t occurs in biological organism s. 

Technological conjecture, w hich can occur as a result of know ledge gained from  either scientific 

theory  o r  eng ineering  practice, y ields potential varia tions to existing  technologies. These 

variations are subsequently  tested, and successful variations are reta ined  (pp. 6-7). In the case 

of the  tu rbo je t revolu tion , technological conjecture w as based  on engineers ' know ledge of 

scientific theories; the design , developm ent, and  testing  of system s th a t resu lted  in  the 

reten tion  of the m ost successful variation involved, on the o ther hand, the technical and  craft 

know ledge needed to carry out those tasks.

In characterizing the natu re  of engineering w ork and  know ledge, C onstan t notes that 

the basic activities of technological w ork m irror those of scientific w ork  in  th a t bo th  follow 

the p rocedures inheren t in the scientific m ethod. He characterizes th is m ethod as  "the bold
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conjecture o f theoretical system s—the ir basic en tities and  the re la tionsh ips am ong  them — 

followed by the rigorous testing and refinem ent of those conjectured systems" and  asserts that 

"the ap p lica tio n  of th is  scientific m ethod  to technology w o u ld  seem  to  h av e  becom e 

increasing ly  pervasive  an d  effective since, a t the latest, the beg inn ing  o f th e  n ine teen th  

century" (p. 20).

Vincenti (1990) traces five "norm al” (as opposed to revolutionary) developm ents in  the 

h istory  of aerospace engineering to detail w hat he calls "the anatom y of eng ineering  design  

know ledge." H is exam ples reveal th a t technological deve lopm en ts re q u ire  a ran g e  of 

scientific, technical and  practical know ledge as well as  inform ation abou t social, econom ic, 

m ilitary , an d  env ironm en ta l issues. V incenti also conducts th ree im p o rta n t ana lyses of 

engineering knowledge.

The first involves his ow n elaboration of the variation-selection m odel of the grow th  

of technological know ledge, an  analysis that recalls the descriptions of the engineering design 

process presented  in Section 2.3 above. Vincenti concludes, after exam ining num erous exam ples 

from  history, that the m echanism s for producing variations in engineering design include three 

types of cognitive activities (p. 246): searching past experience to find know ledge th a t has 

proved useful, includ ing  the identification of variations that have no t w orked; incorporating  

novel features tho u g h t to have som e chance o f w orking; and  "w innow ing" the conceived 

variations to choose those m ost likely to work. Vincenti notes th a t these activities occur in  an 

in teractive and  disorderly  fashion. Selection occurs through physical trials such  as everyday 

use, experim ents, sim ulations (e.g., w ind  tunnels), or analytical tests such as  sketches of 

p roposed  designs, calculations, and o ther m eans of im agining the ou tcom e of selecting a 

p roposed variation (pp. 247-248).

V incenti (pp. 197-198) also p roposes a schem a for en g ineering  k n o w led g e  th a t 

categorizes know ledge as either descriptive (factual know ledge), p rescrip tive (know ledge of 

the desired end), or tacit ( which he defines as know ledge that cannot be expressed in w ords or
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pictures b u t is em bodied in  judgm ent an d  skills). Descriptive and prescrip tive know ledge are 

explicit; tacit know ledge is im plicit. Both tacit and prescrip tive know ledge are  procedural 

an d  reflect a "know ing how." Finally, Vincenti (pp. 208-222) enum erates and  defines specific 

engineering know ledge categories: fundam ental design concepts, criteria an d  specifications, 

theore tical too ls (i.e., m athem atical m ethods and  theo ries an d  in te llec tu a l concepts), 

qu an tita tiv e  d a ta , practical considerations, an d  design  in stru m en ta lities  (i.e., p rocedu ra l 

know ledge and  judgm ental skills). He then presents a m atrix that details how  each type of 

know ledge is acquired. The possible sources of engineering know ledge that he describes include: 

transfer from science or generation by engineers during  invention, theoretical an d  experim ental 

engineering research, design practice, production, and direct trial and operation (p. 235).

2.43. Knowledge and the Engineering Community

The concep t of "com m unity" is im p o rta n t for u n d e rs ta n d in g  b o th  w ork  and  

communication. As members of a profession, engineers share a common know ledge base and set of 

espoused values. The profession prescribes its ow n approach to w ork behavior. As em phasized 

above, engineering is a  social activity; especially in aerospace, m ost w ork is accom plished as a 

resu lt of g ro u p  effort. Further, com m unication alw ays takes place w ith in  a social context; to 

understand the nature and m eaning of communication, one needs to understand its social context.

S tudies o f scientific com m unities look a t the values, norm s, know ledge, m ethods, 

rew ard  system , and  culture shared by com m unity m em bers (see, e.g., Barber, 1952; Doty, 

Bishop, & M cClure, 1990; Kuhn, 1970). Further, the role of inform al com m unication  in 

cem enting the com m unity is frequently noted. Gaston (1980, p. 495) notes that "[the problem  of 

the internal w orkings of the technological community] is virtually unexplored.... In contrast to 

the  sociology of the scientific com m unity , little is know n ab o u t th e  socio logy  of the 

technological com munity." Constant (1980, p. 8) also notes the lack of research on technological 

com m unities. He w rites that "While extensive research has been done on 'invisib le colleges,'
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research fronts, and the com m unity structure of science, there has been little analogous [sic] 

sociological o r historical investigation of technological practice." R othstein (in Petrucci and  

Gerstl, 1969) argues that the m odel of a profession as  a com m unity is inadequate  to describe 

eng ineering  behavior. H e argues tha t the huge variety  of occupations and  disc ip lines in 

eng ineering  d em onstra tes th a t there is no such th ing  as a single eng ineering  com m unity. 

Further, he contends that m ost discussions of professional com m unities fail to d irect enough 

a tten tio n  to the  n a tu re  of p rofessional know ledge and  its  in fluence on  behavior. The 

heterogeneity, rate of change, and degree of specialization of engineering know ledge also leads 

to the em ergence of specific com munities in engineering.

Some w ork, how ever, has begun to explore the ex ten t to w hich  m em bers of an  

engineering com m unity share sim ilar w ork tasks, goals, and m ethods; are governed by shared 

social and  technical norm s; and  engage in extensive inform al inform ation exchange am ong 

them selves. Laudan (1984, p. 3) finds justification for this approach in th a t "cognitive change 

in technology is the result of the purposeful problem -solving activities of m em bers of relatively 

sm all com m unities of practitioners, just as cognitive change in science is the p ro d u ct of the 

problem -solving activities of the m em bers of scientific communities." Layton (1974, p. 41) also 

claims th a t " ... the ideas of technologists cannot be understood in isolation; they m ust be seen in 

the context of a com m unity of technologists ..." Donovan (1986, p. 678) notes that "the study  of 

engineering knowledge m ust not be divorced from the social context of engineering" and suggests 

that "the in terp lay  of social values and  theoretical understand ing  in  the evolution  of scientific 

d isc ip lines certain ly  has its analogues in  engineering, although  the values and  know ledge 

involved are often quite different."

Rosenthal (1990) discusses the design-m anufacturing team  in new product developm ent. 

He says that such team s represent "a com munity of interest" w ith a shared com m itm ent to the 

group  effort. The group shares inform ation and advice, as well as instructions and  decisions (p. 

45). H e describes the difficulties in  m erging these tw o subcom m unities o r cultures, because
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designers an d  m anufacturers have developed their ow n "tacit understand ings bu ilt u p  through 

years o f w ork ing  on particu lar problem s w ith special points of view" (p. 44).

The no tion  of com m unity has also been addressed in  connection w ith  aerospace work. 

V incenti (1990, pp . 238-240) describes inform al com m unities of p rac titio n e rs  as  the  m ost 

im portan t source of know ledge generation and  m eans of know ledge transfer in  aerospace. He 

defines a com m unity  a s  those involved in  w ork  on a particu lar aerospace deve lopm en t or 

prob lem  (e.g., fasteners, airfoils, o r propellers). Vincenti a ttribu tes several functions to  these 

en g in ee rin g  com m unities . C om petition  betw een  m em bers su p p lie s  m o tiv a tio n , w hile 

cooperation  p rov ides m utual support. The exchange of know ledge an d  experience generates 

fu rther know ledge, w hich is d issem inated by  w ord  of m outh, publication, an d  teaching and is 

also incorporated  in to  th e  trad ition  of practice. The com m unity also p lays a significant role in 

prov id ing  recognition an d  rew ard.

V incenti (1990) also describes the particu lar ro les of im portan t ty p es o f  aerospace 

engineering  institu tions, such as governm ent research organizations, un iversity  departm en ts, 

a irc ra ft m a n u fa c tu re rs , m ilita ry  services, a irlines , p ro fessio n a l soc ie ties , g o v e rn m e n t 

regulatory  agencies, equipm ent and  com ponent suppliers. H e concludes, how ever, that "As with 

ind iv idual engineers, form al institu tions do  a com plex m u ltitude of th ings th a t p rom ote  and 

channel the generation of engineering knowledge. They do not, however, constitu te  the locus for 

tha t genera tion  in the crucial w ay th a t inform al com m unities do. Their ro le  [...] is to  supply 

support and  resources for such communities" (p. 240).

C onstan t (1980,1984, p. 29) also describes aerospace com m unities as  the central locus of 

technological cognition. He no tes th a t the aeronautical com m unity is, in fact, com posed of a 

m u ltilevel, o v e rla p p in g  h ie ra rchy  of subcom m unities (1980, pp . 9-10). H e a rg u e s  tha t 

technological change is better stud ied  at the com m unity level than a t the  in d iv id u a l, firm, 

national, or industry  levels. C onstant describes the com m unity as the em bodim ent of traditions 

of practice (1980, p. 10):
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[Technological trad itions of practice] define an  accepted m ode of technical 
operation, the conventional system  of accom plishing a specified technical task.
Such trad itions encom pass aspects of relevant scientific theory, eng ineering 
d e s ig n  fo rm u la e , a c c e p te d  p ro c e d u re s  a n d  m e th o d s , sp e c ia liz e d  
instrum entation , and , often, elem ents of ideological rationale. A trad ition  of 
technological practice is proxim ately tautological w ith  the com m unity  w hich 
em bodies it; each serves to define the other. T raditions of practice are  passed 
on in the preparation  of aspirants to com m unity m em bership. A technological 
trad ition  of practice has, a t m inim um , a know ledge dim ension, including bo th  
softw are an d  hardw are, and  a sociological d im ension, inc lud ing  both  social 
structure and  behavioral norm s.

C onstan t discusses the natu re  of com m unity norm s in engineering. H e alleges that, a t least in

connection w ith com plex systems, there are (1980, p. 21) "fundam ental social norm s governing

the behavior of technological practitioners w hich are very close in  structure, spirit, and  effect

to th e  norm s govern ing  the  behavior of scientists." Such norm s g u id e  the developm ent of

techniques and instrum ents and the reporting of data. C onstant also argues for the existence of

"countem orm s” (see M itroff, 1974, for a discussion of counternorm s in  scientific com m unities):

"Technological p rac titioners are required  to be objective, em otionally  neu tra l, rational, and

honest. Yet technological practitioners often a re -a n d  protagonists of technological revolution

usua lly  a re—passionate, determ ined , and  irrationally  recalc itran t in the face of unp leasan t

counterevidence bearing on their pet ideas" (Constant, 1980, p . 24).

2.4.4. Engineering Knowledge: Summary and Conclusions

The d iversity  of engineering w ork is closely associated w ith  the d iverse n a tu re  of 

e n g in ee rin g  know ledge . The lite ra tu re  rev iew ed in  th is  section  describes eng ineering  

know ledge as being com prised of scientific laws, engineering principles, com m unity ru les of 

thum b , experience, in tu ition , and  creativity . This section also describes the ro le of the 

engineering com m unity in know ledge production and transfer. In the next section, the focus of 

th is lite ra tu re  rev iew  sh ifts from  the na tu re  of eng ineering  w ork an d  know ledge to  an 

exploration of the natu re  of engineering communication.
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2.5. Engineering Communication

2.5.1. Introduction

The goal of the cu rren t s tudy  is to investigate the u se  of electronic netw orks by 

aerospace engineers, focusing on relationships betw een netw ork use, eng ineering w ork, and 

engineering com munication. Previous sections of this literature review  provided  an  overview  of 

the aerospace engineering environm ent and then discussed the n a tu re  of engineering w ork  in 

g rea ter deta il. Engineering know ledge, an  essential link betw een  eng ineering  w ork and  

com m unication, was also discussed. Literature reviewed in  these previous sections suggests that 

aerospace engineers perform  both scientific and  technical tasks. A erospace engineers also 

a p p e a r to  conduc t their w ork as m em bers of bo th  form al o rg an iza tio n s an d  inform al 

com m unities. This section describes and discusses literature on  the n a tu re  and  pu rpose of 

engineering com m unication and its im pact on engineering work. It also describes em pirical 

findings on the use of a variety of w ork tools and  inform ation resources by engineers. This 

sections b rings together literatu re from  a variety  of fields, includ ing  in form ation  science, 

communications, management, and sociology. In order to set the context for subsequent discussion 

of electronic netw orks, it begins w ith  an  overview  of the n a tu re  and  p u rp o se  of hum an  

com m unication networks in  science and  technology environm ents. It then m oves on to review  

em pirical studies of engineering communication.

2.5.2. Social Networks in Science and Technology

S tudies of social (or "hum an resource") netw orks and  their u tility  for in form ation 

exchange and other forms of support have been conducted in a num ber of dom ains. These studies 

d iscuss the im portance o f hum an  netw orking  in  bo th  inform al com m unities and  form al 

organizations. In describing the links between com munity m em bership and com m unication, they 

generally  conclude that inform al social netw orks increase the diversity  of available contacts 

and  provide a valuable m eans for acquiring inform ation and resources, solving problem s, and
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receiving social an d  m oral support. A thorough review of this literature is beyond the scope of 

th is  d isserta tio n , b u t selected d iscussions of th e  ro le  of in fo rm al n e tw o rk s  in  form al 

o rg an iza tio n s  a re  h igh ligh ted  because they  p rov ide  a usefu l con tex t for th e  s tu d y  of 

in te rp erso n al com m unication , bo th  trad itional an d  electronic, in  scientific a n d  technical 

communities.

Dosa, Farid, and  V 'as'arhelyi (1989) review  litera tu re  on social ne tw orks in  health , 

scientific, business, and policy settings. They define a hum an resource netw ork  as  "the m utual 

su p p o rt m ode of sharing know ledge, observations, docum entation, data  or op in ions by people 

w ho are well inform ed" in  som e area (p. 6) and describe the transactions in  an  inform ation 

sharing  netw ork as including "inform ation acquisition, referral, inform ation sharing, resource 

identification, resource acquisition, verification, [and] opinion exchange" (p. 7). R eporting on 

the  resu lts  of a health  in form ation  sharing  project, Dosa (1985) d escribes the  d ifferences 

betw een people acting as ind iv iduals (i.e., as m em bers of inform al netw orks) an d  those acting 

as official m em bers of their organizations (i.e., as m embers of formal netw orks) in regard to the 

types of inform ation exchanged and  the m otives and constraints of inform ation sharing. Among 

the  types of inform ation that are exchanged by individuals acting as m em bers of an  inform al 

com m unity  are  expertise, ideas, m ethods, processes, opinions, personal files, m em oranda, 

u n p u b lish ed  p ap e rs , p roposals , research  data , field observa tions, en g in ee rin g  designs, 

collections of specim ens, and com pounds (p. 111). Thus, the social netw ork w as found to be the 

p rim ary  m eans for exchanging inform ation that is inform al, visual, o r  encoded  in  physical 

objects.

H ellw eg (1987) review s studies of "organizational grapevines." She p rov ides a typical 

definition of formal and inform al com m unication networks. The form al netw ork is represented 

by  the organizational chart and "system atically established for the transm ission  of officially 

sanctioned  m essages," w hile  the  in fo rm al netw ork  is "em erges sp o n ta n eo u s ly  an d  is 

situationally  defined" (p. 214). H ellweg concludes that o rganizational g rapev ines allow  for
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the in terp re ta tion  of m anagem ent m essages, provide a m eans for em ployees to  socialize and 

m ake com m ents off the record, allow  m anagem ent to gauge em ployees’ feelings an d  obtain  their 

in p u t in  decision m aking, are an  effective m echanism  for the d issem ination  of som e types of 

in fo rm ation , an d  a re  especially  valuab le for com m unicating  in  tim es of crisis. Inform al 

netw orks can also p roduce negative effects w hen  the inform ation d issem inated  is  prem aturely  

leaked, inaccurate, o r d isto rted .

C lam pitt (1991, pp . 86-89) notes th a t every organ ization  has  b o th  a form al an d  an 

inform al netw ork. H e cites a 1990 survey of 40 com panies and  over 45,000 em ployees show ing 

th a t th e  o rgan izational g rap ev in e  is the  second m ost frequen t source  o f in fo rm ation  for 

em ployees, even though  it is the least preferred . C lam pitt analyzes o th e r  s tud ies  to  suggest 

possible reasons for the use of inform al channels in  organizations. H e no tes th a t the grapevine 

is fast; it p rov ides an  ou tle t w hen  the form al netw ork is "clogged"; it reduces uncertain ty  in 

exceptional situations and  satisfies affiliation needs; it carries a g reat am o u n t an d  variety  of 

inform ation ; an d  it tends to  be accurate. D angers associated w ith  in fo rm al netw orks in 

organizations are  also cited. If "poor quality" inform ation suffuses an organization th rough the 

inform al netw ork, the resu lt can be anxiety, poor decisions, low  m orale, perceived favoritism , 

and reduced productiv ity  (p. 89).

Farace, M onge, and Russell (1977) also  discuss organizational netw ork  structu res and 

roles, and  review  research approaches and results. The in -depth  analysis of com m unication  

functions th a t they  p ro v id e  is p articu la rly  valuable. They en u m era te  the functions of 

o rg an iz a tio n a l n e tw o rk s  (p p . 179-180) as: com m un ication , c o o rd in a tio n  an d  con tro l, 

ach ievem ent of p roduction  goals, incorporation  of new  ideas an d  practices, an d  m em ber 

socialization  an d  m ain tenance. They describe  the inform al n e tw ork  as  "the n e tw o rk  of 

in te raction  tha t can (and does) range b road ly  across d iffe ren t con ten t areas, u se  various 

com m unication m odes, and perform  m uch b roader functions than the form al netw ork" (p. 179). 

Farace e t al. (1977) no te that ind iv iduals use  different pathw ays (both form al and  inform al) to
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exchange m essages serving different com munication functions. The au thors offer an  analysis of

the  differing  netw orks for com m unication about work-related m atters ("the w ork network") and

com m unication tha t diffuses new  inform ation ("the innovation network"). Their chief po in t is

th a t identifying and  understanding  the various com m unication netw orks used by em ployees can

be used to im prove organizational functioning and productiv ity . Schon (1971) also  notes the

existence of different kinds of netw orks in organizations. He describes "shadow  netw orks" as

filling the  gap  betw een fragm ented services and  a m ore highly aggregated  functional system.

Such netw orks sm ooth institu tional transitions and reduce uncertainties, help ing peop le  to get

th ings done w hen formal netw orks fail (p. 191).

M ueller (1986) p resen ts a w ide-ranging discussion of h um an  resource netw orks in

corporations. H e interw eaves research results, personal experiences, an d  anecdotes. Informal

netw ork ing  experiences in  the corporate w orld are com pared to every th ing  from lonely hearts

clubs to tribal custom s to the Flying W allendas. M ueller synthesizes th is unusual m ixture of

m aterial to arrive a t his view of the essence of networking, which is th a t it allow s ind iv iduals

to ob ta in  in form ation, influence, expertise, and  support. M ueller's view  of organizational

grapevines corresponds w ith those presented above (1986, p. 79):

... w e tend  to forget th e  value of social netw orking , th e  in form al gossip  
channels, and  verbal and  w ritten  grapevines th a t persist in all o rgan izations 
like crabgrass in a w ell-trim m ed lawn. Stam ping out these inform al channels 
is not possible, nor should  it be a goal. Actually, g rapevines can p rov ide a 
check and  balance on  poorly  conceived p lans, the rise of favoritism , and  
em otional situations an d  decisions. G rapevines p rov ide m anagem ent w ith  
uncontrolled feedback abou t the climate, morale, and social health  of the firm , 
an d  abou t w hat is really happening in  the organization.

M ueller also notes that "Norms, values, beliefs, and codes are  transm itted  by netw orks" (p. 10). 

H is cen tral a rg u m en t is th a t in stitu tional h ierarchies of au th o rity  an d  contro l lim it the 

ability  of ind iv id u als  to act and  should be balanced by social netw orks, w hich  are  "self­

organizing, overlapping, open-ended, and fluid" (p. 114). M ueller argues that netw orks are an 

im portan t factor in im proving organizational innovativeness and  productiv ity , citing his 1984
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study  th a t revealed "an organizational style w ith easy com m unication and  hum an networking" 

as the com m on attribute of ten innovative companies. H e also argues that social netw orking can 

be transform ational, lead ing  to personal em pow erm ent and  ind iv idual g row th . M ueller 

advises organizations to overlay such "networking concepts and practice w ith the hierarchical, 

bu reaucratic  parad igm  of trad itional organizational functioning" (115). H is v ision  of the 

netw orked organization of the fu ture relies not only on new  organizational a ttitudes b u t also on 

new  technology; h e  notes th a t electronic netw orks "can m u ltip ly  the effectiveness of a 

decentralized hum an netw ork in speed, capacity, and accuracy" (p. 74). M ueller w arns that "If 

w e d o n 't  transfo rm  ou r conventional, hierarchical structu res in to  cross-level netw ork ing  

system s, m any of o u r institutions will continue to decrease in  effectiveness" (p. 13).

The literature presented above focuses on the role of informal com m unication in  formal 

organizations. It suggests tha t social netw orks, w hile they have draw backs, can also fulfill 

bo th  ind iv idual and  institutional goals. Informal netw orks facilitate the exchange of expertise 

and  o ther inform ation--beyond that available through form al c h a n n e ls -th a t p ro v id e  social 

support and em pow er individuals to be m ore efficient, innovative, and productive. Discussion 

now  tu rn s to w hether or not these findings are applicable to engineering w ork; literature that 

describes the functions of interpersonal com m unication netw orks in  science and  technology 

environm ents is reviewed.

C onnolly  (1983) d iscusses organizational com m unication  theory  as it  ap p lies  to 

scientists and engineers. He notes that in order to bring technical solutions into being as actual 

p roducts or processes, engineers are required to com municate effectively w ith clients, colleagues, 

and o ther co-workers, and that problem s may occur when com m unication partners do  not share 

the sam e "codebook," or because messages carry both overt and symbolic m eanings. Connolly 

devotes special attention to a discussion of com m unication netw orks in R&D labs. H e asserts 

that for scientists and engineers perform ing developm ent work, com m unication tends to follow 

the  form al o rganizational hierarchy, bu t "for those involved in  m ore basic research , the
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pattern  tended  to be bo th  less centralized and less hierarchical, w ith people sharing  ideas and 

discussion w ith  w hom ever seem ed relevant to their cu rren t problem s, regard less o f ran k  or 

departm ent" (p. 105).

A num ber of sociologists have described the nature of the inform ation needed by people 

perform ing scientific an d  technical w ork and have concluded that inform al social netw orks are 

im p o rta n t fo r convey ing  the  ideas, h in ts , tacit know ledge , an d  ex p e rtise  th a t people 

perform ing  scientific an d  technical tasks need. M ost of th is w ork is aim ed a t analyzing  the 

production  of know ledge; it is basically inductive, arrived  a t by th ink ing  ab o u t particu lar 

cases from  history or personal experience. Interpersonal com m unication is p laced w ith in  the 

context o f the practice of research, which is often described as an "art” o r  "craft" activity. 

These s tu d ies  do  no t dea l specifically w ith engineers—they usually  describe  scien tists or 

rese a rch e rs-b u t they relate in terpersonal com m unication to  the sam e k in d s  of specific tasks 

and activities that have been attribu ted  to engineering work.

R avetz (1971) p re se n ts  p e rh a p s  the m ost com plete ana ly sis  o f th e  n a tu re  and  

im portance of w hat he term s "craft knowledge" in  R&D work, and of its conveyance th rough 

inform al com m unication  channels. Ravetz portrays the researcher as a "craftsm an" w ho (p. 

75):

w orks w ith  p a rticu la r  objects [including bo th  m ateria l an d  in te llectual 
constructs]; he m ust know  their properties in all their particularity; an d  his 
know ledge of them  cannot be specified in  any form al account [...] h e  m ust 
develop  a personal, tacit know ledge of h is objects an d  w hat he can d o  w ith  
them, if he is to produce good work.

R esearchers m ust gain  craft know ledge, through their ow n experience o r  th rough  inform al

com m unication  w ith  m ore experienced researchers, to avoid  p itfalls in the ir w ork an d  to

satisfy  the  technical no rm s p rev a len t in  their p articu la r com m unity  for collecting  and

analyzing data and for assessing the adequacy of one's solution to a research problem .

According to Ravetz, one of the m ost im portant uses of interpersonal com m unication is

for the transm ission of craft know ledge related to research m ethods (p. 77):
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The tran sm issio n  of m ethods is accom plished alm ost en tire ly  w ith in  the  
in terpersonal channel, requiring  personal contact and  a m easure of persona l 
sym pathy  betw een the  parties. W hat is transm itted  w ill b e  p artly  explicit, 
b u t partly  tacit; principle, precept, and  exam ple a re  all m ixed together. There 
is no substitu te  for such personal com m unication; messages w hose transm ission 
requ ires a p rio r form ulation  and clarification of ideas (as even in  a le tte r to  a 
colleague), w ill necessarily be im poverished in  their con ten t o f p riva te  craft 
know ledge.

Ravetz sum s u p  (p. 179):

In conclusion, we m ay consider the  tw o channels of com m unication and  the ir 
con ten ts  a s  a pair of in te rp en etra tin g  opposites. The one  d is trib u te s  an d  
preserves the  resu lts of the w ork, w hile the o ther governs the  w ork  itself; one 
is pub lic  an d  explicit, w hile the o ther is inform al and  in te rpersonal. The 
c o n ten ts  o f th e  p u b lic  channel a re  in p rin c ip le  p e rm a n en t, an d  ex is t 
in d e p en d e n tly  of th e  circum stances o r u ltim ate  fate of the  w ork  w h ich  
produced them ; w hile the body of m ethods, bound to a very particular personal 
experience (both technical and social) directly control the fu ture contents o f the 
pub lic  channel. The resu lts  of scientific inqu iry  a re  in  p rincip le  b ased  on  
contro lled  experience and  rigorous argum ent; b u t the m ethods govern ing  the 
inquiry  itself are  a particularly  subtle craft know ledge, different in  n a tu re  from  
scientific know ledge.

R avetz also em phasizes the im portance of both social and  technical factors in  th e  conduct of 

research and, specifically, in  research com m unication.

Z im an has w ritten extensively on the natu re of science as a social activity and  the role 

of in fo rm al com m unication  as  p a rt of th is  social fabric. H e recogn izes th a t  scientific 

in vestiga tion  "is a practical art" tha t is "not learn t o u t of books, b u t by im ita tio n  and 

experience" (Z im an, 1968, p. 7). This characterization applies to m uch eng ineering  w ork  as 

well. It describes a context in which inform al com m unication plays a significant ro le as a m eans 

of conveying the resu lts of personal experience and in tu ition  from  one researcher to another. 

Z im an  cred its  "unofficial channels" such  as "private co rrespondence ... conferences and 

m eetings, in terchange of m anuscrip ts and  data , sabbatical leaves, consulting  v isits, sem inars, 

conversa tions a ro u n d  the coffee table" w ith  p ro v id ing  "a g rapev ine  of h in ts  an d  ideas, 

observa tions and  opinions" (p. 108). He concludes th a t "the in form al system  o f  scientific
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com m unication  is qu ite  as  im p o rtan t as the  form al system , a lth o u g h  h av in g  a d iffe ren t 

function" (p. 116).

G arvey (1979, p. 266) found that the use of journals and  local colleagues, the tw o types 

o f inform ation sources used m ost often by researchers (his use of the term  seem s to encom pass 

bo th  scientists and  engineers), w ere com plem entary, for the m ost p a rt fulfilling d ifferent needs. 

Local colleagues p rovided  inform ation for selecting a design  o r stra tegy  for da ta  collection, 

selecting a data-gathering technique, designing equipm ent and apparatus, and  choosing a data 

analysis technique. Journals w ere m ost im portant for placing w ork  in  the p ro p er context, and 

in tegrating  findings into current know ledge. The tw o sources coincided in  their im portance for 

p rob lem  definition, form ulating a solution, and interpreting  data.

W ilson and  Farid (1979, p. 130) note that 'b eh ind  the public story finally form ulated 

an d  presen ted  to the w orld lies the private story of w hat w ent w rong  as  w ell as w hat w en t 

right, of successive a ttem pts and  corrected versions, of m istakes and  lucky guesses, of detou rs 

and  discouragem ents." Vincenti (1990) presents aerospace engineering w ork  in  a very sim ilar 

light. H e no tes th a t "Errors and  m isconceptions inevitably arise  an d  m u st b e  detected  and  

surm ounted ; the num ber of these that end u p  in even the unpublished archival record can never 

constitu te  m ore than a sm all p a rt of those encountered. The [individual] learn ing , in  short, 

w hile it is going on is messy, repetitious, and uneconomical" (p. 11).

B everidge (1957) p ro d u ce d  an  early , classic trea tise  on  th e  a r t of sc ien tific  

investigation. H e proposes inform al discussion as an  im portant stim ulus to the scientific m ind. 

M ore specifically, he notes tha t the discussion of problem s w ith colleagues m ay be helpful in 

several w ays (p. 85):

• The other person may be able to contribute a useful suggestion.

• A new  idea may arise from  the pooling of inform ation or ideas from  two or m ore persons.

• Discussion provides a valuable m eans of uncovering errors.

• Discussion is usually refreshing, stim ulating and encouraging.
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• D iscussion helps one escape from  an established habit of though t w hich has p roved  
fru itless.

B everidge's analysis seem s to  prefigure some of the conclusions abou t the role of inform al 

com m unication in science and  engineering that w ere subsequently  established em pirically by 

G arvey (1979), Allen (1984), and  others.

In rev iew ing  th e  lite ra tu re  on invisible colleges, C ron in  (1982) enum era tes the 

advantages of interpersonal com munication among people engaged in  w ork on sim ilar problems, 

sta ting  tha t they:

• Encourage feedback and  increase researcher motivation;

• Play a p a rt in helping to establish priority and discovery;

• Allow for reality-testing; for sounding out ideas and theories;

• H ave an  im portant current-awareness function;

• Can facilitate boundary  spanning, i.e., help transm it ideas across disciplines;

• H ave a bonding effect on  groups w ith more o r less shared research orientation; and

• Increase the m atch between information needs and inform ation delivery by being direct 
and  personalized

C ronin asserts that inform al com m unication im proves one's p roductiv ity  and  status because 

(1982, p. 215):

... it ensures tha t participants in (even loosely defined) netw orks are able to 
keep ab reast of cu rren t developm ents (it also allow s for the transm ission of 
p rocedu ra l o r techn ical/equ ipm ent-re la ted  data w hich cannot a lw ays be 
sa tisfac to rily  conveyed via the prim ary pub lication  m edia), an d  [...] it 
reinforces the group’s sense of identity and purpose.

O nce again, th is  descrip tion  is very sim ilar to descriptions of the  functioning of aerospace

engineering com m unities presented above (e.g., Constant, 1980; Vincenti, 1990).

G ranovetter (1973) recognizes a benefit of informal com m unication for both individuals

and scientific progress as a whole, one that gains in im port as research becom es increasingly

in terdiscip linary . He finds that weak ties (i.e., com m unication am ong people that are  not
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m em bers of the sam e w ork g roup  and  may not even be form ally acquainted  w ith  each other) 

facilitate m ore extensive com m unication flow and carry ideas across discipline boundaries.

Recent years have seen the em ergence of ethnographic stud ies o f the w ork ing  life of 

researchers. These stud ies (e.g., Knorr-Cetina, 1981; Latour, 1987; Latour and  W oolgar, 1979; 

Lynch, 1985), a lth o u g h  n o t m ono lith ic  in  the ir theore tical bases, a re  co n d u c ted  like 

anthropological field stud ies and  draw  attention  to the personal, political, an d  o ther social 

factors that gu ide  the behavior of researchers and, in  particular, the production  and transfer of 

scientific and  technical knowledge.

G ilbert an d  M ulkay (1984, p . 53) rep o rt tha t "scientists stressed  th a t ca rry ing  o u t 

experim en ts is a p ractical activ ity  requ iring  craft skills, sub tle  judgm en ts, an d  in tu itive  

u n d e rs ta n d in g ."  T hey  use  d isco u rse  ana lysis  to id en tify  an d  ch a rac te rize  tw o  m ain  

"repertoires" used by  researchers to explain their activities. The em piricist reperto ire  appears 

alm ost exclusively in the form al literature . It "portrays scientists' ac tions an d  beliefs as 

fo llow ing unprob lem atically  from  the em pirical characteristics o f an  im personal na tu ra l 

w orld" (p. 56). The contingent reperto ire , on the o ther hand , is frequen tly  exhibited  by 

researchers in  in form al com m unication. It po rtrays actions an d  beliefs as  id iosyncratic, 

"heavily  d e p e n d e n t on specu la tive  insigh ts, p rio r in te llectual com m itm en ts , personal 

characteristics, indescribable skills, social ties and group m em bership" (p. 56).

Sum m arizing the im plications of this literature on social netw orks and  the n a tu re  of 

w ork for the cu rren t s tudy , it p rov ides fu rther suppo rt for the p roposition  th a t inform al 

com m unication netw orks are  im portan t for cementing the social s tructure of engineering w ork 

and  for im proving  the ability of engineers to produce technically com petent work. Informal 

com m unication  allow s access to the craft and  tacit know ledge and  p riv a te  versions w hat 

happened  d u rin g  the  course of a particular project. This type of know ledge often does not 

appear in  formal inform ation sources and yet is vital to the conduct of scientific an d  technical 

work.
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2.53. Empirical Studies of Engineering Communication

The inform ation needs and com m unication habits of scientists and  engineers have been 

s tud ied  by researchers in the fields o f inform ation science, com m unications, an d  m anagem ent. 

R eview s of th is research  a p p e a r  m ost frequently  in  the lib ra ry  an d  in fo rm ation  science 

lite ra tu re  (e.g., M enzel, 1966; Pinelli, 1991a; Po land , 1991). Poole (1985) com pares and  

analyzes the resu lts  o f approxim ately  one hu n d red  em pirical stud ies of in form ation  u se  by 

scientists and engineers, distilling com mon principles from this work.

A significant am o u n t of the literature on  scientific a n d  technical com m unication  is 

oriented  chiefly tow ard  scientists, especially in policy, com m unications, and sociology stud ies 

(see, e.g., N elson & Pollack, 1970; Garvey, 1979; H agstrom , 1965; M eadow s, 1974). It is 

trad itio n a lly  acknow ledged  th a t scientists an d  eng ineers d iffe r in reg a rd  to  the  k ind  of 

in form ation they need an d  the m anner in which inform ation is acquired  an d  p roduced , even 

though  they perform  sim ilar tasks. These differences in inform ation seeking and  use behavior 

are a ttribu ted  to differences in  the natu re  and goals o f w ork, institu tional settings, and  rew ard  

structures. D iscussions of these differences appear in Allen (1984, pp . 2-5), H olm feld (1970), 

Pinelli (1991, pp. 88-91), and  Taylor (1986, pp. 39-40).

The studies that explore the inform ation needs and com m unication patterns of engineers 

m ay be d iv ided  in to  several g roups. For exam ple, a num ber of stud ies o f in form ation and 

com m unication  behavior have either been devoted  exclusively to the inform ation needs and 

com m unication  hab its  of engineers or presen t separa te  re su lts  for en g in ee rs  (Allen, 1984; 

K aufm an, 1983; Kremer, 1980; Pelz & A ndrews, 1966; Pinelli, 1991b; Rosenbloom  & W olek, 

1970; Shuchm an, 1981). A significant num ber of s tud ies focus on  the im pact o f ST1 exchange on 

the innovation process, often in tending to offer recom m endations to im prove the  m anagem ent of 

R&D com m unication and enhance R&D productivity  (e.g., Allen, Lee, & Tushm an, 1980; Ebadi 

& U tterback, 1984; O rpen, 1985; Tushm an, 1978, 1979). These stud ies typically include both
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scien tists and  eng ineers, often  w ithou t d istingu ish ing  one  g ro u p  from  the  o ther. Some 

investigate variations in  the contribution of scientific and  technical com m unication to different 

R&D task s an d  differences betw een  scientists and  engineers in  the  selection an d  u se  of 

in form ation  sources and  channels (e.g., C hakrabarti et al., 1983; G erstberger & Allen, 1968; 

G erstenfeld  & Berger, 1980). Barczak and W ilem on (1991) look specifically a t the d ifferen t 

com m unication patterns of innovating and operating groups in  new  product developm ent. The 

tendency to concentrate on those engaged in R&D w ork as opposed to those conducting "normal" 

or "m ainline" engineering w ork has been criticized by Shuchm an (1981, p. 1) and  Taylor (1991, 

p. 234), w ho contend tha t m ainline engineering is of equal im portance to concerns of industrial 

p ro d u ctiv ity .

G enerally  speaking , all o f the stud ies tha t investigate  the  in form ation  n eed s and 

habits of engineers have concluded that interpersonal com m unication is an  im portan t source of 

in fo rm ation  and  id eas for eng ineers and  a significant factor in im p ro v in g  eng ineering  

productivity . They also provide descriptions of the w ide variety of inform ation sources used by 

engineers. N one of these stud ies of engineering com m unication  d irec t m ore than  passing  

a t ten tio n  to the ro le o f electron ic netw orks. Several s tu d ie s  o f in fo rm atio n  u se  and  

com m unication am ong engineers report a significant am ount o f data derived from the aerospace 

com m unity  (e.g., Allen, 1984; Holmfeld, 1970; Pinelli, 1991b; Shuchm an, 1981).

The m ost com m only used m ethod in  these studies w as the w ritten survey (e.g., Brown& 

U tterback, 1985; C hakrabarti e t al., 1983; De Meyer, 1985; Pelz & A ndrew s, 1966). A num ber of 

the su rveys used som e form  of critical incident technique to  elicit responses about inform ation 

sources an d  channels used  in particular incidents (e.g., G erstenfeld & Berger, 1980; Kaufman, 

1983; Kremer, 1980; Pinelli, 1991; Rosenbloom and  W olek, 1970; Shuchm an, 1981). These 

stud ies asked a series of questions that proceeded either about a particular inform ation incident 

or a particu lar w ork incident. A llen’s classic study  (1984) included  resu lts of his em pirical 

s tudy  of "twin" R&D projects. In this study, engineers w orking on parallel Federal contracts
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com pleted so lution  developm ent records that kept track of any changes tha t occurred in  the 

team ’s w ork an d  the source of any inform ation that p rom pted each change. In this m anner, 

Allen collected detailed data  on inform ation sources and w as also able to relate inform ation use 

to project success.

In -dep th  in terv iew s th a t m ade substantial contribu tions to  the investigation  w ere 

conducted  by a few  investigators (e.g., Holm feld, 1970; K rem er, 1980; S chrader, 1991; 

Shuchm an, 1981). A few stud ies used d iaries (e.g., Tushm an, 1979) an d  som e investigators 

p roduced  sociom etric m aps of com m unication netw orks as p a rt of their data  analysis (e.g., 

Kremer, 1980).

These investigations of inform ation exchange and use in  engineering settings leave no 

d o u b t that eng ineers obtain  the inform ation needed to accom plish their w ork  from  a w ide 

variety of sources. Among the information resources mentioned in these studies are:

• Technical reports (in-house and external)

• T rade journals (both technical and  non-technical articles)

• Scholarly journals

• P aten ts

• Memos

• Tables

• Specifications and standards

• V endors' catalogs

• M anufacturers' advertisem ents

• H andbooks

• Textbooks

• G overnm ent laws and regulations

• Own notebooks

• Records of past com pany projects, including data and designs.
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It appears tha t trade journals, in-house reports, m anuals, and standards and  specifications are 

often  judged  the m ost highly valued p rin t sources. Shuchm an (1981, p . 45) found tha t p rin t 

sources w ere used by engineers to  (in descending order of im portance) keep current in one's field, 

keep curren t in o ther fields, discover new markets, answ er specific technical questions, m onitor 

the com petition, and  flag articles to  pass on to others. There is less consistency in  study  findings 

re la ted  to  in form ation  sources o ther than in terpersonal com m unication , because d ifferen t 

studies include different p rin t sources as objects of investigation.

Inform ation is acquired no t only on the job, bu t a t conferences, trade show s, and bidders' 

m eetings. In addition  to these inform ation sources, engineers rely on a w ide variety of people 

for needed  inform ation, including: co-workers, supervisors, technical staff, subordinates, sales 

represen tatives, custom ers, consultants, friends and  colleagues in o th e r organizations, and 

governm ent representatives. A few investigators (e.g., Allen, 1984; H olm feld, 1970; Kaufman, 

1983) p re se n t resu lts  th a t describe the ro le of experim en tation  an d  th e  eng ineer's  ow n 

know ledge and  experience--as opposed to o ther people and  lite ra tu re -in  p rov id ing  needed 

inform ation.

Shuchm an (1981, p. 58), provides an extensive list of the reasons inform ation is needed 

by engineers. Her data show  that engineers need a w ide variety of inform ation to perform  their 

w ork, includ ing  basic scientific know ledge, data, practical and  procedural inform ation about 

design m ethods, and non-technical inform ation such as codes of practice. Krem er (1980, p. 61) 

delineates the range of reasons why engineers need inform ation, including to find a solution to a 

sc ien tific o r technical p rob lem , to  solve ad m in istra tiv e  p rob lem s, to  id en tify  clien ts ' 

requirem ents, to define a problem , and to keep abreast of curren t developm ents. Barczak and 

W ilem on (1991) found a similar range of com munication purposes: to d iscuss p roduct features, 

technical issues, custom er needs, m anufacturing issues, schedules and tim ing, financial issues, 

m anagerial issues, and  resource issues. These results are  valuable in tha t they validate the
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findings, described above, abou t the nature of engineering tasks an d  know ledge. Krem er and  

Shuchm an, how ever, d o  no t rela te  these specific inform ation needs an d  u se s  to particu la r 

inform ation sources and  channels. They do not, in  other words, describe the ro le  of interpersonal 

com m unication  or reliance on  o ther engineering tools and resources, in  sa tisfy ing  specific 

inform ation needs.

A few of the studies p resen t results that link particular inform ation needs or sources to 

specific w ork tasks. Several studies discuss particular uses of interpersonal com m unication, b u t 

results are not very detailed  along this dim ension. Rosenbloom and  W olek (1970) found  th a t 

interpersonal com m unication w as the prim ary source of inform ation used by engineers to  solve a 

particu lar w ork  problem . Allen (1984) found tha t interpersonal contacts w ere the p rim ary  

m eans of generating  ideas and  so lutions for problem -solving (p. 63), as w ell as for defin ing  

problem s (i.e., genera ting  criteria and  setting lim its of acceptability) an d  te s tin g  po ten tia l 

so lu tions ag a in st critical d im ensions (p. 65). K aufm an (1983) found th a t in te rpersonal 

com m unication w as m ost im portan t for finding a solution to  a p roblem  an d  learn ing  new  

techniques, and w as also of significant value in helping to define a problem  an d  in  finding leads 

to inform ation sources (p. 17).

The literatu re reveals consensus on the factors associated w ith the u se  of particu lar 

sources and channels by engineers. These are accessibility, technical quality  o r reliability, ease 

of use, relevance, and  degree of p rio r experience w ith a particular source o r  channel (Allen, 

1984; C hakrabarti e t al., 1983; G erstberger & Allen, 1968; K aufm an, 1983; K rem er, 1980). 

Accessibility is consistently concluded to be the m ost im portant determ inant of use.

De M eyer (1985) offered a un ique view, suggesting th a t w hether th e  p ro d u c t being 

developed  w as in  its infancy or m atu re  affected the n a tu re  and  m an n er of eng ineering  

inform ation resources consulted. Shuchm an (1981) found that job activity an d  type of industry  

w ere the m ost im portan t variables in determ ining the value placed on particu la r inform ation 

sources. Allen (1984), Shuchm an (1981), and Holmfeld (1970) all note tha t p rop rie ta ry  concerns
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inhibit external com m unication (p. 41). Allen (1984) also concludes th a t engineers a re  able to 

com m unicate m ore easily w ith internal colleagues because a  shared know ledge and  cultural 

base reduces the  likelihood of sem antic noise and  m isin terpretation  (p. 139). H olm feld (1970, 

p. 158) rem arks on o ther com m unication constraints faced by engineers, nam ely tim e, budget, 

perform ance, and  m anufacturability  requirem ents.

Key findings on  the com munication patterns of engineers are presented below. Findings 

a re  re la ted  to  particu la r types of inform ation needed, particu la r w ork  tasks (such as idea 

generation  o r problem -solving), w ork categories (such as research or developm ent), or task 

characteristics (such as  degree of complexity, interdependence, or uncertainty):

•  Interpersonal com m unication is an extremely im portant source of inform ation for 
engineers (Allen, 1984; Chakrabarti e t al., 1983; Kaufman, 1983; Kremer, 1980; Pelz & 
A ndrew s, 1966; Shuchman, 1981; Tushman, 1979).

•  M ost of this interpersonal com m unication is internal (Allen, 1984; G oldhar, Bragaw, & 
Schwartz, 1976; Kaufman, 1983; Kremer, 1980; Pelz & A ndrew s, 1966; Shuchm an, 
1981).

• Interpersonal com m unication is significant m eans of acquiring inform ation categorized 
as unpublished  m aterial (Allen, 1984), or inform ation not deliberately sought (Kremer, 
1980; Rosenbloom & Wolek, 1970; Shuchman, 1981).

• Interpersonal com m unication is used prim arily for problem -solving (e.g., Allen, 1984; 
Gerstenfeld & Berger, 1980; Shuchman, 1981; Tushm an, 1979).

• Interpersonal com m unication is an im portant factor in  engineering productivity  and 
quality  (e.g., Allen, 1984; Barzak & W ilemon, 1991; Tushm an, 1979). D iversity  of 
com m unication is m ore im portant than frequency (Allen, 1984; Pelz & A ndrew s, 1966). 
The exact natu re  of the im pact o f com munication on productivity  is com plex (e.g., Allen, 
Lee, & Tushm an, 1980; Shuchman, 1981; Tushman, 1978) and varies according to  a 
num ber of interacting factors, such the nature of the engineering project and w hether 
com m unication is internal or external.

•  Use of interpersonal com munication channels is linked to perceived accessibility and 
technical quality  (Allen, 1984; Chakrabarti et al., 1983; G erstberger & Allen, 1968; 
Kaufman, 1983; Kremer, 1980). Relevance of inform ation is im portan t factor in  choice 
of source (Rosenbloom & Wolek, 1970).

• Use of interpersonal com munication is linked to task uncertainty, interdependence, 
com plexity (e.g., Tushm an, 1978,1979).
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• Interpersonal com m unication is linked to prim ary engineering category o r activity. It is 
used m ore in design and developm ent (e.g., Kaufman, 1983; Rosenbloom & Wolek, 1970) 
and  in applied  research (e.g., Gerstenfeld & Berger, 1980) than in  basic research.

A lthough De M eyer (1991) points o u t that there are conflicting results if on e  goes below  a 

certain level of generality, the im portance of interpersonal com m unication is a major conclusion 

of v irtually  every  s tudy  tha t investigates the inform ation behavior of engineers. Shuchm an 

(1981, p. 40) says:

M ost engineers rely on a very limited group of sources for technical inform ation, 
m aking an engineer's inform al contacts the critical elem ent in  solving technical 
p rob lem s, m a in ta in in g  com petence, and d issem ina ting  new  in fo rm ation . 
Engineers w ithout access to the informal netw ork are a p t to have difficulty in 
getting  necessary technical inform ation.

Interpersonal com m unication is im portant to engineers because it conveys needed inform ation not

found in  published w ork and  because it is perceived as m ore efficient than  searching though

published literature. These studies, thus, confirm  that the conclusions reached by sociologists

abou t the im portance of interpersonal com munication to the conduct of scientific and  technical

w ork  are, indeed , specifically applicable to the w ork of engineers. O n the  o ther hand , the

exact n a tu re  of the re la tio n sh ip  betw een  d iffe ren t k in d s of tasks, d iffe ren t ty p es of

interpersonal contact, and  productivity  is complex and not com pletely understood , a lthough  it

is clear th a t d ifferent types of inform ation, as well as d ifferen t inform ation channels and

sources, are needed at different stages of engineering work.

A few stud ies offer unique results that are of particular in terest to the cu rren t study.

Allen (1984) presented results related to informal social netw orks in engineering organizations.

H e found very close agreem ent in the selection of individuals for social contact and  technical

discussion, although he w as unable to determ ine the direction of causality. H e concluded that,

given the im portance of the inform al com m unication netw ork, organizations shou ld  create

conditions th a t foster inform al exchanges. A lthough he only  suggests h ere  tha t electronic

n e tw o rk s , w h ich  fac ilita te  in fo rm al exchanges, w ou ld  be v a lu ab le  in  en g in ee rin g

organizations, Allen explicitly discusses the potential of new  com m unications technologies in a
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la ter paper. H ere he asserts (Allen, 1986) that a "project" or m atrix  organizational structu re  

facilitates task  coord ination , w hile a "functional” structure connects eng ineers m ore  closely 

w ith  o thers  w ho h av e  the sam e relationship  to the technology being p roduced  tha t they do. 

This m eans tha t organizations are faced w ith a trade-off, one that Allen suggests m ay be eased 

by  the in troduction  of new  inform ation and com m unication technologies. Inform ation retrieval 

system s m igh t be u sed  in  project-oriented organizations to achieve som e functional goals, while 

in  functionally -struc tu red  organizations, electronic com m unication system s m igh t allow  a 

v irtual m atrix  to exist.

Schrader (1991) conducted an em pirical s tudy  of "informal technology transfer" am ong 

R&D w orkers in industry  that has interesting im plications for the issue of p roprie ta ry  concerns 

in  the netw orked  environm ent. He found that m ost external com m unication exchanges w ere 

be tte r characterized  as "in form ation trading" than  "inform ation leaking," an d  th a t they 

resu lted  in substantial gains to individuals, their firms, and industry  as a whole. Further, he 

found tha t p rev ious acquaintanceship  was no t required to in itiate  o r m ain ta in  such trad ing  

relationships. O ne im plication of this is that electronic bulletin  boards, w hich w ould  allow  

eng ineers to  com e in to  contact w ith  external, unknow n peop le  w ho m igh t h av e  needed  

inform ation on a posted  topic or problem  of interest, m ight be valuable in facilitating th is kind 

of useful contact.

V irtually  all o f the stud ies review ed in  th is section w ere conducted  before the adven t 

of substan tia l com pu ter ne tw ork ing  im plem entation  in  science and  technology  settings. 

Shuchm an (1981) found tha t engineers m ade little  use of inform ation technologies, a lthough  

aerospace engineers w ere m ore likely to do so than other k inds of engineers. Pinelli (1991b), 

w ho investigated  inform ation transfer in the aerospace industry  th rough  a survey  of 1,800 

scientists and  engineers, offers one of the only studies of scientific and technical inform ation 

transfer tha t collected data on the use of electronic networks. The percentage o f respondents
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reporting  use o f various netw orking technologies w as as follows:

• Electronic netw orks 44%
• Electronic m ail 54%
• Electronic bulletin boards 30%
• Electronic databases 57%
• Videoconferencing 21%.

Pinelli d id  not, how ever, relate this d a ta  to  any other data collected in  h is  s tu d y  in a m anner 

tha t w ould  suggest associations betw een netw ork use  and  particular w ork tasks, com m unication 

activities, or factors encouraging or discouraging netw ork use.

25.4. Engineering Communication: Summary and Conclusions

This section review ed literature on  the use of various engineering resources—including 

peop le an d  o ther tools an d  inform ation resources--by scientific an d  technical w orkers. It 

em p h asized  th e  re la tio n sh ip  b e tw een  in fo rm al com m un ica tion  ch an n e ls  an d  specific 

in form ation needs, w ork  categories, w ork  activities, task characteristics, and  w ork  im pacts. 

S tudies of the n atu re  and  role of com m unication netw orks and  inform ation exchange in  scientific 

and  technical w ork have been conducted by researchers in inform ation science, com m unications, 

an d  m anagem ent. A lthough  a num ber of em pirical studies have exam ined the  inform ation 

seeking and  use behavior o f engineers, it is scientists who have received the bu lk  of attention. 

Further, stud ies of engineers tend to focus on those engaged in R&D w ork as opposed  to those 

conducting  "normal" o r "mainline" engineering work, which is of equal im portance to concerns of 

industria l productivity . G enerally speaking, these studies have concluded tha t com m unication 

is an  im p o rtan t source of in form ation  an d  ideas for engineers and  a sign ifican t factor in 

im proving engineering productivity.

In sum m ary , b o th  the p o p u la r  and  scholarly  lite ra tu re  can be u sed  to gain  an 

understand ing  of the relationship between engineering w ork and com m unication. The natu re  of 

the w ork perform ed by engineers dem ands a g rea t deal of com m unication . In fact, it is 

estim ated that eng ineers spend  abou t 30% of the ir tim e in com m unication-rela ted  activities
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(M urotake, 1990). The uses of social netw orks in engineering w ork can be sum m arized as follows. 

They:

• Convey personal or private knowledge, e.g., mistakes, detours, lucky guesses, opinions, 
and  values, w hich does no t appear in  published versions of research;

• Convey how -to inform ation such as hints about preparation of com pounds and  quirks of 
ap p a ra tu s ;

• C ontribute an d  generates new  ideas through serendipitous, interactive contact w ith  
external sources;

• A re used for p lanning an d  coordinating, problem -solving, and collecting and analyzing 
data ; and

• Serve social as well as technical functions, e.g., stim ulate and  encourage engineers and 
reinforces their sense of g roup  identity and purpose.

All of these findings seem  to im ply som e substantial benefits from  the use of electronic netw orks

for inform al com m unication in  engineering environm ents. To the ex ten t that im portan t formal

inform ation (e.g., experim ental data, published literature, parts  lists, specifications) a re  m ade

available online, netw orks should  be valuable in supporting  access to these resources, as well.

The next section of this chapter tu rns to a review  of literature on the  u se  of electronic netw orks

by engineers.

2.6. Engineers' Use of Information and Communication Technology

2.6.1. Introduction

W ith the recent proliferation of com puter networks, a num ber o f discussions and  studies 

of the potential im pact of netw orking on science and technology have begun to ap p e ar in  the 

literature . This section provides an  overview  of this work, w hich has been conducted  from  

policy, inform ation science, m anagem ent, com m unications, and  social psychology perspectives. 

The p u rp o se  of th is section is to  describe the inform ation and  com m unication  technology 

environm ent of engineering today and  to review w hat is know n about bo th  the use o f netw orks
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by engineers and  the im pact of networks on engineering work. This review of selected literature 

p rovides an  overview  of:

• Thoughtful analyses of the potential impact of netw orks on science and technology, 
especially those conducted from a  policy perspective;

• Descriptions of the use of information and communication technology in  engineering 
environm ents that have appeared  prim arily in the trade, professional engineering, and 
m anagem ent literature; and

• Empirical investigations of netw ork use that have been conducted in science and 
technology environm ents, prim arily by researchers in the fields of com m unications, 
inform ation science, m anagem ent, and social psychology.

The literature review ed in  this section is useful to the current study  in that it identifies current

expectations and  concerns regarding electronic networking in  science and  technology, provides

som e inform ation about curren t uses of electronic netw orks by engineers, and identifies research

findings and  approaches related to electronic networking. A major gap in  the literature is the

lack of in tegration  of these three areas of work. N o extensive, cross-institutional, em pirical

studies that focus on the use of networks to support engineering w ork and com m unication appear

to have been conducted. Results obtained in the present study address this gap.

2.6.2. Critical Analyses of N etw orking Im pacts on Science and Technology

W ith the increasing proliferation  of electronic netw orks, a num ber o f analyses and 

d iscussions of the po ten tia l im pact of netw orking on science and technology have been 

conduc ted . T he Federal governm en t has held a series of hearings on  th is  topic, has 

com m issioned several studies, and has produced its ow n reports. An overview  of this material 

will be followed by a brief review  of o ther scholarly analyses of netw orking im pacts on various 

aspects of science and technology. The em phasis in  these analyses has been on  the u se  of 

netw orks to support science and R&D, although the Federal governm ent has begun to consider 

the im plications of national netw orking for engineering productivity  (Congress. Senate, 1991). 

The w o rk  rev iew ed  in th is section is relevant to the  cu rren t s tu d y  because it
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encom passes engineers and  m any of the tasks perform ed by engineers, b u t there is also a clear 

need  to learn  m ore ab o u t engineers specifically. M uch of the lite ra tu re  rev iew ed here  is 

contem poraneous w ith  the inception of the curren t study. O ver the course of the  study  (from 

1991 to  1994), Federal a tten tion  has shifted from  the N ational Research an d  E ducation  

N etw ork  (NREN) to the N ational Inform ation Infrastructure (N il) an d  has m oved  tow ard  

g reater attention to  the needs of end users of netw ork technology and  to the use of netw orks in 

ind u stry  (Bishop, 1993; Bishop & Bishop, in  press). Especially relevant Federal policies and 

reports  tha t have appeared  since the com pletion of the current study  are d iscussed in  C hapter 

5.

The Federal governm ent has, historically, been concerned w ith  the  d ev e lopm en t of 

effective policies related  to scientific and  technical inform ation (STI). This concern w axes and 

w anes in ligh t of specific historical and  technological developm ents, i.e., as p rob lem s and 

o p p o rtu n itie s  re la ted  to  science and  technology, and hence to scientific an d  technical 

inform ation, p resen t them selves. Federal involvem ent increases w hen w orld even ts (such as 

the launch of Sputnik, U.S. entry  into W orld W ar II, and em erging Japanese leadership  in  high 

technology) th rea ten  national security , U.S. superio rity  in certain  a reas  o f science and 

technology, and international econom ic com petitiveness. Federal attention  is also sp u rred  by 

general concerns ab o u t im proving technology transfer and im proving re tu rn  on the Federal 

governm ent's  m ultib illion  do llar investm ent in R&D. Finally, it also increases w hen  new  

inform ation technologies are developed that suggest potential im provem ents to scientific and 

technical w ork productivity  and to STI transfer. Major policy studies that include d iscussions of 

new  inform ation an d  com m unication technologies include those produced  by the P resident's 

Science A dvisory C om m ittee (1963), the Com m ittee on Scientific and Technical Inform ation 

(Federal Council for Science and  Technology, 1965), the Com m ittee on Scientific and  Technical 

C om m unication (1969), the Federal Council for Science and  Technology (1972), G iuliano and 

colleagues (A rthur D. Little, 1978), and  Bikson, Q uint, and Johnson (1984). An analysis of major
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Federal STI policy s tu d ies  is p resen ted  by Bishop and  Fellow s (1989); P inelli, H enderson, 

Doty, and  Bishop (1992) p rov ide an overview  of policies, studies, an d  events re la ted  to U.S. 

scientific and  technical inform ation. For o ther discussions of governm ent su p p o rt o f science and 

com puting, see Cohen (1988), D upree (1986), Etzkowitz (1988), and Licklider (1979).

G overnm ent in terest in, and  support of, com puter netw ork ing  can be traced  to the 

developm ent of ARPANET, a national netw ork  in tended  for use by researchers involved in 

D epartm ent of Defense w ork in the 1960s (Quarterm an, 1990). Then, as  now , there is concern at 

the Federal level th a t R&D is an essential national enterprise and  m ust be sup p o rted . There is 

also the recognition tha t electronic netw orks, which link researchers to  each other, to  pow erful 

analytic and  com putational tools, and to im portant inform ation resources, a re  a key com ponent 

of increased scientific and  technical productiv ity  and  com petitiveness. N SFNet, w hich came 

online in  1985, connected six governm ent-supported  supercom puting centers, an d  becam e the 

backbone of the cu rren t Internet. M ore recently, the Federal governm ent has supported  the 

developm ent of h igh-speed national netw orking, first in the form  of the  N ational Research 

and  E ducation N etw ork  (NREN) and , currently , as p a rt of the overall d ev e lopm en t of the 

N ational Inform ation Infrastructure (Nil).

The original NREN legislation w as introduced in 1988 (Congress, Senate, 1988a) and 

served as the catalyst for a series of governm ent hearings, studies, an d  repo rts  rela ted  to the 

potential im pact of national netw orking on the conduct of research (see M cClure e t al., 1991 for 

an  extensive review  of th is m aterial). The Office of Science and Technology Policy (OSTP) 

issued tw o reports (1987, 1989) that outline a national agenda for the im plem entation  of h igh­

speed netw orks. These reports argue tha t the developm ent and im plem entation  of advanced 

com puting and  netw ork ing  system s are critical because they p rov ide the "m eans to develop 

large scale d istribu ted  approaches to the collaborative solution of com putational problem s in 

science, engineering, and  o ther application  areas" (Office of Science and  Technology Policy, 

1987, p. 18). S ubsequen t sta tem en ts of Executive b ranch  in ten t w ith  reg a rd  to  national

69

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

n etw ork ing  (see, e.g ., Office of Science and  Technology Policy, 1991) describes the  "grand 

challenges" in  science and engineering that need to be supported  and  outline the governm ent's 

s tra tegy  for su p p o rtin g  and  im plem enting high-speed netw orks. The Office o f Technology 

A ssessm ent (1989) issued a background paper that explores key issues related to Federal support 

of national h igh-speed networking.

A report issued  by the N ational Research Council in  1988 explicitly linked national 

n e tw o rk in g  w ith  th e  need to m axim ize national p roductiv ity  and  com petitiveness and  

recom m ended strategies for governm ent support of high-perform ance com puting and  high-speed 

netw ork ing  in itiatives (National Research Council, 1988a). The Council also issued a report 

p rov id ing  an in -dep th  and thoughtful treatm ent of major topics and  concerns su rround ing  the 

role of national netw orking in the conduct of research (National Research Council, 1988b). M ore 

recently, the C ouncil's report on  "national collaboratories" (1993) describes the extent to which 

various scientific an d  engineering com m unities use inform ation technology to su p p o rt large- 

scale d is tribu ted  w ork; the report also offers recom m endations for fu rther developm ent of 

system s to support such efforts.

In addition  to these reports, which outline the Federal governm ent's goals and  plans, a 

num ber of Congressional hearings were held on topics and issues related to the role of com puter 

netw orks in science and  technology and, in particular, the developm ent of NREN. The topics of 

those hearings included  the curren t status of the U.S. supercom puter industry , the need for 

h igh-perform ance com puting and  high-speed netw orking to support advanced research, and  the 

a p p ro p ria te  ro le  for governm ent and  for specific F ederal agencies in  na tional netw ork  

developm ent (see M cClure et al., 1991, pp. 25-29 for a description of key NREN hearings). More 

recently , Federal a tten tion  as been directed to revising telecom m unications regulations (see 

B row ning, 1994, for an  overview  of legislative in itia tives in  th is area) and  in te llectual 

p ro p erty  law s (Inform ation Infrastructure Task Force, 1994, July 7). The outcom e of curren t 

policy initiatives in  bo th  intellectual p roperty  and telecom m unications regulatory reform  will
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undoub ted ly  affect access to com puter netw orks and netw orked inform ation resources for U.S. 

engineers.

A report issued by the Panel on Inform ation Technology and the C onduct of Research 

(1989) is un ique because it takes a user perspective. The repo rt describes the inform ation 

technology needs, uses, and problem s of researchers in different disciplines. It concludes that, 

although  new  com puting and com munications technologies have led to definite im provem ents in 

a num ber of areas, problem s rem ain. Further, the report stresses that "complex institutional 

and  behavior constraints" (p. 1) underlie current difficulties.

The com ing of the electronic "information age" has also generated m uch com m entary in 

the scholarly com m unity and popular press. Brand (1987), W enk (1986), Turkle (1984), Roszak 

(1986) are classic w orks tha t discuss developm ents in new  inform ation an d  com m unication 

techno log ies an d  raise technical, social, political, and  behavioral issues rela ted  to  the 

ex p a n d in g  u se  of co m p u ters  and  netw orks. A special issue of Scientific American  

(Com m unications, C om puters, and Networks, 1991), occasioned perhaps by the perception that 

in d iv id u a ls , in s titu tio n s, and  society at large are actually  beg in n in g  now  to feel the 

revolutionary im pacts of new  technologies, provides a collection of articles related to the use of 

com puter netw orks for research, business, education, and recreation.

The scholarly com m unity has also begun to address concerns specifically related to the 

grow ing use of electronic netw orks by researchers in all disciplines. D enning (1985) offered an 

early description of research netw orking in science. Schrage (1990) describes and  discusses the 

po tential of various new  netw orked technologies to enhance research collaboration. Lievrouw 

and C arley (1991) and  authors in  a collection edited by A born (1988) d iscuss the im plications of 

"telescience" for in d iv id u a ls  an d  institu tions. Fienberg, M artin , an d  S traf (1985) give 

particu lar em phasis to the use of electronic m edia for sharing research data. L apidus (1989) 

d raw s attention  to the social and ethical im plications of netw orking in research environm ents. 

A rm s (1988) presents case studies of the developm ent of electronic networks in and for academic

71

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

research  com m unities. Im plications o f netw ork ing  for th e  form al system  of research  

com m unication, i.e., for libraries and  publishers, have also been discussed (see, e.g., Larsen, 

1990; O sburn, 1989; Shaughnessy, 1989; W oodsworth, Allen, & Hoadley, 1989).

Koch (1991) offers an  especially cogent analysis of the use and  po ten tia l im pacts of 

electronic netw orks in science. She review s literature in  th is area and  concludes that "the m ost 

pressing problem s to be faced by netw ork m anagers, science adm inistrators, and  policy m akers 

are likely to be organizational rather than technical in  nature" (p. 70). Morell (1988) is one of 

the few com m entators to m ention engineers specifically. H e suggests tha t new  inform ation and 

com m unication  technologies m ay p roduce a variety of im pacts on  the w ay  scientific and  

engineering research is conducted. Morell hypothesizes tha t the proliferation of com puters and 

netw orks m ay affect the ind iv idual behavior of scientists and  engineers, the organization  of 

R&D laboratories, social policy concerning R&D funding, and the selection of R&D problem s, 

m ethods, and even solutions. H e also suggests factors that m ay explain the extent to which 

these effects are felt in particu lar scientific and engineering endeavors, including the degree of 

data intensity, the requirem ents for real-tim e analysis, and  lay in terest in a particu lar field.

The lite ra tu re  no ted  in  th is section dem onstrates and  describes the in te rest of the 

Federal governm ent in national netw orking initiatives aim ed at the su p p o rt of science and 

technology. It also po in ts to a g row ing  in terest in the scholarly com m unity  abou t social, 

behavioral, and policy issues related to new  developm ents in inform ation and com m unication 

technology. Finally, it identifies a num ber of discussions related  to the po tential im pact of 

electronic netw orks on science and technology. To date, these analyses of netw orking in  science 

and technology overw helm ingly  deal w ith issues related to the conduct of science. In the 

language of the initial NREN legislation itself (Congress. Senate, 1991, Section 2.a.2) and 

Executive branch  docum ents devoted  to goals and p lans for national netw ork ing  (Office of 

Science and Technology Policy, 1991, p. 2), however, the Federal governm ent acknow ledges the
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potential o f national netw orking to solve "grand challenges” in  engineering  and  im prove U.S. 

industria l p roductiv ity .

T hus, policy and  scholarly atten tion  has begun to shift to  explorations of the use  of 

electronic netw orks in  engineering work. The General A ccounting Office (1991) conducted  an 

assessm ent of the degree of electronic netw ork im plem entation  in  industria l settings; th is 

represen ts one of the first substantive efforts on the part o f the Federal governm ent to begin 

exploring issues related specifically to the im plications of national ne tw ork ing  for engineers. 

A nne W olpert, D irector of Inform ation Systems a t A.D. Little, Inc., w arned  in  a 1991 conference 

p resen tation  that NREN w as lacking an "I" for industry . She asserted  tha t national netw orks 

w ould  no t be used  by  engineers an d  w ould not, therefore, p roduce desired  im pacts in  term s of 

industria l productiv ity , until policy m akers began to take account of the particu lar needs and 

constra in ts  su rro u n d in g  engineering w ork tasks and  com m unication  activ ities in industria l 

settings. D escriptions of netw ork use in engineering settings have appeared  in the literature; an 

overview  of this m aterial is presented  below. These descriptions, how ever, have rare ly  been 

in tegrated  w ith policy discussions; nor have they been greatly extended o r  reinforced by  the 

k ind of system atic em pirical w ork on  netw orking use and im pacts that is review ed later in  this 

section.

2.63. Descriptions of Electronic Networking in Engineering Settings

As discussed in early  sections of this chapter, eng ineers w ork in  team s to research, 

develop , design, test, and m anufacture a w ide range of system s, p roducts, and  processes. 

E ngineering is a com plex activity that involves creativity  in ad d itio n  to scientific, technical 

and  m anagerial problem -solving and  the coordination of m any independen t efforts. It is not 

only inform ation-intensive, b u t com m unication-intensive, and com putation-in tensive as well. 

Thus, advances in com puting  and com m unication technologies w ould  ap p e ar to  offer m any 

opportun ities for im proving the efficiency and effectiveness of engineering work.
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T his section  p rov ides an  overview  o f the u se  o f com pu ting  and  com m unications 

technology in engineering settings. The popular and professional literature describes engineers’ 

u se  of com puting  an d  com m unications applications such as com puter-aided  des ign  (CAD), 

c o m p u te r- in te g ra ted  m an u fac tu rin g  (CIM), eng ineering  in fo rm ation  system s (HIS), an d  

electronic mail and  conferencing systems. M ost of this literature concentrates on  the technical, 

financial, or m anagem ent aspects of these systems, w hile little attention  is focused on  problem s, 

issues, an d  im pacts from  the users' point of view.

A n u m b e r o f  au th o rs  d iscuss the strateg ic im portance o f  new  in fo rm ation  an d  

com m unication  technologies to organizational perform ance, and  p rov ide exam ples from  a 

variety  of settings. W alton (1989) presents num erous case studies, including one in an  aerospace 

com pany , to  d raw  o u t im p o rtan t concepts, strategies, and  techn iques for im prov ing  the 

im p lem en ta tio n  p rocess associated  w ith  new  inform ation  technologies. H e stresses the 

im portance of considering  bo th  the technical and  social aspects of system  im plem entation . 

Keen (1986) presents a variety of case studies to support h is argum ent that telecom m unications 

is an  im portan t feature of any organization 's strategy to im prove its com petitive advantage. 

M orton (1991) presen ts a num ber of perspectives on the introduction and  im pact of inform ation 

and  com m unication technologies in today's global economy. The im pact of com puter netw orking 

on  o rgan izations is described by Reich (1991) and D avidow  and M alone (1992). The gains 

achieved w hen netw orks are used to reinvent the organizational enterprise are em phasized  by 

H am m er and  C h am p y  (1993). All of these au th o rs  a rg u e  th a t new  techno log ies are 

revolutionizing the w ay people in  organizations work and com m unication and tha t the changes 

that a re  occurring m ust be better understood.

Today, engineers use com puters to perform  calculations; to p roduce an d  eva lua te  

d raw in g s, designs, and  pro to types (CA D /CA M ); to m aintain  and  archive the "corporate 

m em ory," i.e., all the contracts, designs, schedules, assum ptions, constraints, procedures, data, 

etc., associa ted  w ith  each particu la r project; to w rite and  ed it docum en ts an d  p rep a re
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presentations; to ru n  project m anagem ent software; and to control equipm ent. G unn (1982) 

provides an early  report o n  the use of com puters and electronic netw orks to  "mechanize" design 

and m anufacturing. A collection of papers on the application of com puters to engineering design, 

m anufacturing, and  m anagem ent are offered by Lastra, Encamacao, and Requicha (1989). Ettlie 

and  Stoll (1989) p resen t a collection of essays and case stud ies on  m anaging  the design  to 

m anufactu ring  process. This w ork is especially intriguing because it d raw s atten tion  to the 

ph ilosoph ica l and  cu ltu ra l changes th a t m u st accom pany the  im p lem en ta tio n  o f new  

com puting  and  com m unications, if this new technology is to bring  abou t the desired  effects. 

Rockart & Short (1989) describe the organization's need to m anage interdependence. They give 

a  num ber of exam ples of engineering firms using electronic netw orks and com puterized tools and 

databases to integrate the  stages of p roduct developm ent, d istribution, and  service; suppo rt 

team  work; and  facilitate coordination and control.

The policies, principles, and techniques of "concurrent engineering," derived from  the 

perceived  need  to im prove industria l p roductiv ity  and  com petitiveness, a im  to im prove 

engineering quality , reduce costs, increase the speed of p roduct developm ent, and  im prove 

custom er satisfaction. C oncurrent engineering calls for integrating engineering functions so that 

they  m ay be perfo rm ed  in parallel, as opposed  to sequentially . It s trives to im prove 

com m unication in  o rder to coordinate the work and integrate the inform ation contributed by all 

o f the m any people involved in the developm ent, production, and  m arketing  of a particu lar 

technology.

M any engineering organizations are exploring the ability of com puters and  electronic 

netw orks to facilitate concurrent engineering and im prove the perform ance of engineers and  the 

technical quality  of their work. A report by Lewis (1990) provides an in-depth treatm ent of the 

m ethodology an d  tools for developing networked systems for concurrent engineering a t General 

Electric's R&D headquarters. Kaplan (1991, p. 32) notes that "Today, team w ork and concurrent
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engineering are the im portant organizational issues, so w orkstations m ust be tied together into 

netw orks that optim ize the use of shared resources."

C om puter netw orks a re  p laying an  increasingly im portan t ro le in  engineering  w ork 

because they link design and  analysis tools w ith other im portant resources to create in tegrated 

engineering inform ation system s (EIS) tha t can be used by engineers from  their ow n desktops. 

Dirr and Stockdale (1989) describe 3M’s transition from the use of CAD system s to a d istributed  

com puting strategy in w hich "All authorized users w ould have access to inform ation anyw here 

in  the netw ork, and CAD and project m anagem ent w ould be joined in a single in tegrated system" 

(p. 50). Heiler and Rosenthal (1989, p. 431) define an EIS as the com bination of "software tools, 

d a tab a se  m anagers, da tabases , and  h ard w are  to p rov ide  in te g ra te d  en v iro n m en ts  for 

engineering design  and m anagem ent." They also describe the rationale for such system s (p. 

431):

Engineering environm ents can be extremely complex. They m ust suppo rt long, 
com plex, an d  in te rd ep en d en t tasks th a t p roduce  an d  m a n ip u la te  h igh ly  
specialized data. O ften m ultiple representations of the sam e inform ation are 
required to support different tasks. Moreover, m ore than one engineer m ay w ork 
concurrently  on differen t aspects of the sam e design, w hich m ay in troduce 
inconsistencies into the data...

The use of com puters and netw orks to autom ate the m anufacturing process is becom ing m ore

w idespread. Boll (1988) describes the role of the m anufacturing autom ation  protocol (MAP) in

accom plishing the in teg ration  of the m anufacturing  process, w hich includes "m achining,

assem bly, w arehousing, quality  assurance, packaging and dispatch." Schatz (1988) describes

the increase in com puter-integrated m anufacturing (CIM) investm ents w orldw ide, no ting  tha t

they are expected to double between 1988 and 1992, reaching about $91 billion.

Electronic data interchange (EDI) is used to exchange o rders and  invoices w ith  vendors

and suppliers, and  to exchange contracts w ith clients and custom ers (see, e.g., Beckert, 1989;

Purton, 1988). Thus, netw orks are also used in engineering environm ents to facilitate formal

business com m unication ou tside the firm. N etw orks are used in  som e firm s for inform ation
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re trieval (1R) in  connection  w ith  b o th  in -house an d  com m ercial da tabases. In form ation  

retrieval system s have received m ixed review s from  engineers. C hristiansen  (1991, p . 21) 

discussed results of an inform al IEEE survey on how  engineers obtain the inform ation they need 

to  do  their jobs. He reports that engineers have difficulty perform ing online searches and  often 

obtain inadequate results. He also in terprets the tendency of engineers to  "scan and  save" large 

am ounts of m aterial as a response to  their dislike o f retrieval system s. Breton (1981, 1991) 

presents a m ore com pelling argum ent for the underutilization of inform ation retrieval systems. 

H e concludes tha t the inform al and  visual m aterial tha t is im p o rtan t to  eng ineers is not 

included in  m ost inform ation retrieval system s and, further, that cu rren t indexing  techniques 

fail to retrieve inform ation according to those dim ensions, such as "desired function" tha t are 

useful to engineers. Gould and Pearce (1991) describe results of an  assessm ent, based largely on 

interview s, in tended to relate inform ation needs in engineering to curren t system s for storing, 

organizing, and  dissem inating  that inform ation. M ailloux (1989) rev iew s lite ra tu re  on EIS. 

She provides an  overview  of a variety  of engineering system s and  dev o tes  considerab le 

attention to a discussion of how EIS support engineering work and com m unication behavior.

Finally, the literature suggests that engineers also use electronic netw orks for a variety 

of interpersonal com m unication purposes. Borchardt (1990) includes electronic mail am ong his 

suggestions for im proving in-house technical com munication in o rder to facilitate the sharing of 

ideas, provide a m ore stim ulating w ork environm ent, and prevent the duplication  of efforts (p. 

135). Beckert (1990, p. 68) notes that engineers can use electronic m ail to send text, data, and 

graphics to their colleagues and to autom ate the notification and status change process betw een 

engineering, m anufacturing, and external entities. She notes that electronic com m unication 

elim inates telephone tag and problem s associated w ith tim e-zone differences, and also saves 

tim e in scheduling m eetings and responding to technical questions. M ishkoff (1986) describes 

com puter conferencing as the answ er to the problem  corporations face w hen  they em ploy 

geographically-dispersed w ork groups. He reports that Hew lett-Packard em ploys thousands
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of eng ineers in  o ver 70 divisions, of w hich one-third a re  located o u ts id e  the  U nited States. 

M ishkoff describes how  com puter conferencing is used in place of m ore expensive m echanism s to 

allow  g ro u p s of engineers to  share their know ledge efficiently and  coord inate their w ork (p. 

29).

T he p o w er o f com pu ter conferencing system s to form  the base of "electronic expert 

netw orks" in  o rg an iza tio n s  is described by  Stevens (1987), a lth o u g h  he d o es  n o t focus 

exclusively on engineers. H is discussion applies the assertions about the im portance of informal 

com m unication in  organizations, discussed above, to the electronic environm ent. H e argues that 

electron ic n e tw orks a re  an  im portan t source of expertise for em ployees because "The best 

answ ers frequently  com e from  surprising sources. An unknow n peer w ith a relevant experience 

can som etim es p rov ide better help  than a m ore famous expert, who m ay be less accessible or less 

articulate" (p. 360). Stevens also notes that "While expert netw orks can be used  by traditional 

o rgan izations to streng then  their effort to p roduce and provide p roducts and  services, expert 

netw orks also seem  to represent alm ost a new  form of organization" (p. 369).

M any o rg a n iz a tio n s  h o p e  th a t by  fac ilita ting  co m m u n ica tio n  a n d  im p ro v in g  

coordination, electronic netw orks will decrease both the costs and tim e needed to bring  products 

to m arket. D ue to proprietary  and  security concerns, a num ber of engineering organizations have 

im p lem en ted  th e ir  ow n  p riv a te , h igh-speed  netw orks th a t a re  used  on ly  b y  their ow n 

em ployees. The need  for h igh-bandw idth , com pletely reliable electronic transfer of critical 

da ta  also m akes the  use of m ost public commercial netw orks infeasible for som e industries and 

applications. W em er and Brem er (1991, p. 46) note tha t even com panies involved in industry- 

acad em ia -g o v e rn m en t R&D cooperatives p roh ib it electronic links to ex ternal consortium  

m em bers for fear of security leaks.

The N ational Research Council's Panel on Engineering E m ploym ent C haracteristics 

conducted  an inform al survey of engineering em ployers (National Research Council, 1985) in 

w hich they ob ta ined  em ployers' views on the im pact of new  tools on  engineering productivity.
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S urvey  resu lts  (p. 68) indicated th a t abou t one-th ird  of em ployers had  w idely available 

com puter-aided  drafting  o r design system s in place, few had  com puter-aided m anufacturing 

system s, and  a b o u t 50% had  engineering  inform ation  system s. Few er than  one half of 

resp o n d en ts  h ad  form ally eva lua ted  their system s, although  they estim ated  p roductiv ity  

gains of abou t 100% for drafting  system s, 50% for design system s, an d  35% for inform ation 

system s. The Panel concluded th a t "these new  com puter-aided  tools perm it increasingly  

sophisticated p roducts to be designed in less tim e w ith substantially greater accuracy and  with 

greater cost-effectiveness" (p. 27) although they also noted th a t "their net effect on engineering 

and  on industry  as  a whole cannot be forecast w ith confidence" (p. 26).

The aerospace industry  possesses a num ber of characteristics that m ake it a natural 

env ironm ent for the im plem entation of electronic networks. It is a h igh  technology industry , 

a lready  extensively com puterized . It involves significant R&D, w hich, as the  s tu d ies  in 

Section 2.5. dem onstrate , is a com m unication-intensive activity. Further, its end p roducts are 

high ly  com plex, calling for a g rea t deal o f w ork  task coord ination  an d  the in teg ration  of 

inform ation created  by diverse people. In describing the business and technology strategy in 

place a t British A erospace, Hall (1990) em phasized  the need for increased com puting  and 

com m unications capabilities in aerospace firm s aim ing to design, develop, m ake and m arket 

com plex system s w hile m aintaining a technical com petitive edge and reducing un it costs (p. 16-

2). H e noted tha t a num ber of typical inform ation technology opportun ities were particularly  

relevan t to the aerospace industry , such as  "im proved productiv ity , better com petitive edge, 

reduced timescales, closer collaboration, m ore stream lined m anagem ent, better com m onality of 

standards across sites, m ore operational flexibility, [and] constructive change of workforce skill 

levels" (p. 16-2).

R achow itz e t al. (1991) describe efforts a t G rum m an , a m ajor U.S. aerospace 

corporation , to realize a fully d istribu ted  com puting  environm ent. G rum m an’s goal is to 

im plem ent a system  of netw orked w orkstations in o rder to "cost-effectively op tim ize the
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com puting  tools available to the engineers, while prom oting the system atic im plem entation  of 

concurrent engineering am ong project teams" (p. 38). The netw ork includes PCs and  softw are to 

be used for com m unication. G rum m an assum es tha t their co m pu ter/in fo rm ation  in tegrated  

env ironm ent (CIE) will resu lt in  "product o p tim iza tion -quality  p roducts m anufactured  w ith 

fewer errors in  shorter tim e and a t a lower cost" (p. 66).

Black (1990) p resen ts a brief overview  of th e  u ses an d  ad v an tag es of com pu ter 

conferencing systems, noting that com puter conferencing is a  "very pow erful tool for the transfer 

o f in form ation  in  all areas of research and  developm ent" and  "a n a tu ra l for the  AGARD 

[Advisory G roup  for Aerospace Research and Development] com m unity ..." (p. 13-4). M olholm 

(1990) describes the application of the D epartm ent of Defense's C om puter-aided  Acquisition 

and  Logistics Support (CALS) initiative to the aerospace com m unity. CALS m andates the use 

o f specific s tan d ard s  for the electronic creation an d  transm ission  of technical in form ation 

associa ted  w ith  w eapons system s developm ent. E ventually  all D ep a rtm en t of D efense 

contractors and  subcontractors will be required to create and  d istribu te in  digital form  all the 

draw ings, specifications, technical data, docum ents, and  support inform ation required  over the 

en tire  lifecycle of a m ilitary project. The CALS in itiative m ay be a significant im pe tus to 

netw orking for aerospace firms.

These reports reveal that a num ber of engineering organizations a re  using  electronic 

netw orks for com m unication activities, distributed com puting, and shared access to inform ation 

resources. N etw orks are being im plem ented to serve organ izational goals and  business 

strategies, i.e., to achieve im pacts in the areas of better and faster p roduct developm ent and 

reduced costs. The m otivations for netw ork investm ents noted in these reports suggest factors 

tha t m ay encourage netw ork use in particular engineering organizations and obviate the need 

for them  in others. These reports also h in t at a num ber of factors that may h inder netw ork use, 

such as security and proprietary  concerns, the failure of indexing techniques to retrieve stored
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in form ation  in  a w ay  useful to engineers, and the substantial financial ou tlays required  to 

im plem ent netw orked systems.

D escrip tions of netw o rk in g  needs, uses, prob lem s, an d  im p acts  in  eng ineering  

environm ents a re  scarce, an d  few have been brought to the  attention  of policy m akers charged 

w ith  m ak ing  decisions ab o u t netw ork ing  investm ents and  policies a t the  national level. 

F urther, piecem eal anecdotal descrip tions are no t en tirely  sufficient for in fo rm ing  policy 

d evelopm en t a t either the organizational or national level. The cu rren t s tu d y  investigates 

netw ork ing  needs, uses, problem s, and  im pacts on a b roader scale and  in a m ore system atic 

m anner than  the reports review ed here. These reports were useful as background for the current 

study , how ever, in  that they suggest particular netw orking needs, uses, and  im pacts that are 

re levan t to eng ineering  w ork  and  deserving of fu rther exploration . E m pirical stud ies of 

electronic netw ork ing  are review ed below. They also suggest concepts to be explored in  the 

cu rren t s tu d y  and , further, identify  approaches that have been used  in p rev ious em pirical 

investiga tions. Because few  of these em pirical s tu d ies  have d ea lt w ith  engineers, the 

descrip tions tha t have been presented in this section provide a useful com plem ent to them.

2.6.4. Studies of Electronic Networking in Science and Technology

There is a grow ing body of literature that explores trends, issues, and  concepts related 

to new  inform ation  and com m unication  technologies. Before m oving on to a discussion of 

em pirical research related to the use of electronic netw orks in science and technology, a selected 

review  of m ore general w ork  that elucidates netw orking use, im pacts, factors associated w ith 

use, and research issues is presented.

Licklider and  Vezza (1978; reprin ted  in Greif, 1988) presen t an  early , an d  very broad, 

overview  of netw orking applications and  issues. They define and describe applications ranging 

from  electronic m ail to hom e security systems, and discuss a variety  of issues related to the 

political, social, and  econom ic im pacts of networking. Vallee (1984) p rov ides an overview  of
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the use of electronic m essage system s in industry . He describes the need for, and  capabilities of, 

such system s and  focuses on issues rela ted  to netw ork  im plem entation  and  m anagem ent. 

S im ilarly , S u lliv an  an d  S m art (1987) p re se n t a m odel for m a tch in g  o rg an iz a tio n a l 

com m unication  flow s w ith  the capabilities o f various com m unications technologies; their 

m odel is in tended  to assist organizations in  im plem enting and m anaging electronic networks.

O verview s o f research in  com puter-m ediated com m unication (CMC) a re  p rov ided  by 

Steinfield (1986b), R osenbaum  and  N ew by (1990), and Rice (1980, 1987a, 1992). These review  

articles sum m arize w ork  investigating the capabilities of new  com m unications m edia and  how 

they d iffer from  trad itional m edia, factors th a t affect netw ork  use, an d  n e tw o rk  im pacts. 

They also d iscuss g ap s in  the CM C literatu re and  identify a num ber of issues rela ted  to the 

study  of netw orked com m unication. C ulnan and  M arkus (1987), Rockart and  Short (1989), and 

H uber (1990) p resen t critical overview s of research on the effects of advanced in form ation and 

com m unication technologies on organizations.

The capab ilities  often a ttr ib u ted  to electronic netw ork ing  are  th a t i t  a llow s both 

synchronous and asynchronous com m unication, it supports tim e-independent com m unication, at 

g rea ter speed, over a large geographic spread, and it allow s m essages to be ed ited , forw arded, 

and  d istribu ted  to m any people sim ultaneously. In o ther w ords, electronic com m unication, as 

n o ted  by Rice (1992, p. 1), "can reduce or a lte r som e of the tem poral, physical and  social 

constraints on communication."

Influential em pirical w ork on the use and  im pacts of electronic netw orks includes that 

of Sproull and  Kiesler (see, e.g., 1986,1991), w ho have been leaders in  exploring the ability of 

CM C to convey social and  em otional cues and  have also been advocates o f the  need to 

u nderstand  the full social im pacts of com puter networks on work. Aspects of their research that 

deal w ith w orkers in science and technology a re  discussed below.

Daft and Lengel (1984) introduced the concept of "information richness" as  an  im portant 

for d is tingu ish ing  the u tility  of d ifferen t com m unication m edia in  d ifferen t situations. In
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analyzing  the characteristics and  capabilities of various m edia, they arg u e  tha t rich, personal 

m edia (i.e., face-to-face and  telephone exchanges that allow  for im m ediate feedback, m ultiple 

social cues, an d  natu ra l language m essages) are best for processing com plex an d  subjective 

m essages, w hile m edia th a t a re  im personal and  less rich  (i.e., w ritten  ru les an d  num eric 

docum ents tha t restrict feedback, contain few social cues, and  contain standard ized  o r formal 

term s) are best su ited  for exchanging well understood m essages and  stan d ard  data . Their 

underly ing  them e is that no single com munication m edium  is best for all inform ation processing 

requirem ents.

Of particu lar interest to the curren t study  is Daft and  Lengel's (1986) theoretical w ork 

tha t po in ts to the  need for organizations to fit the characteristics of com m unication  m edia to 

task characteristics in  o rd er to achieve grea ter efficiency and effectiveness. They describe 

w ork tasks along a num ber of dimensions, and relate the inform ation processing requirem ents of 

various k inds of tasks to the inform ation processing capabilities of various m edia. W ork is 

characterized according to  the variety, analyzability, in terdependence, an d  differentiation of 

the tasks involved. M erging their previous analysis of m edia richness w ith  this assessm ent of 

task characteristics, they conclude that individuals perform ing w ork involving a g rea t deal of 

variety , the need for judgm ent and  expertise as  opposed to rou tine procedures for solving 

problem s, and in terdependence w ith other departm ents w hose work is very different from  their 

ow n will require rich m edia and frequent and  intense inform ation exchanges. Steinfield (1986a) 

and Rice and Shook (1990) also present research that links job type and task type to the  use and 

im pacts of electronic networks.

Trevino, Lengel, and  Daft (1987) further extend th is work by including electronic mail 

in the types of m edia analyzed and  by investigating m edia choice em pirically. M anagers were 

asked to describe the reasons behind their choice of specific face-to-face, telephone, electronic 

mail, or w ritten messages. The investigators found that reasons for m edia choice fell in to  three
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broad categories: the content of the message, the m edium 's ability to signal symbolic (i.e., non­

explicit) m eaning, and  situational determ inants having nothing to do w ith the  m essage itself.

Rice's body of empirical work has contributed much to current know ledge about CMC use 

and im pacts, chiefly by testing  concepts and  rela tionsh ips deve loped  in itially  by o th e r 

researchers (see, e.g., Love & Rice, 1985; Rice, 1989b; Rice, G rant, Schm itz, & Torobin, 1990; 

Rice & Love, 1987; Rice & Shook, 1988). His analyses, bo th  conceptual and  em pirical, of the 

conduct of CMC research are perhaps even m ore im portant (see, e.g., Rice, 1980, 1989a, 1990, 

1992; Rice & Bair, 1983; Rice & Shook, 1990; W illiams, Rice, & Rogers, 1988). This w ork 

analyzes concepts explored and m ethods em ployed in CMC research. M uch of Rice's w ork on 

CMC is rooted in  the trad ition  of quan tita tive studies of the structu re of social netw orks. 

Rogers, another major proponent of social netw ork research, has also discussed the role of social 

netw ork analysis in  the age of electronic com munication technologies (see, e.g., Rogers, 1987). 

These stud ies tend to look a t the structure of networks as opposed to the m eaning of particu lar 

com m unication messages or their im pact on individuals in particular situations. W igand (1988) 

presents a historical overview  of this line of work. Both Rice and Rogers, w hile recognizing 

the contribution of social network analysis techniques to the study  of electronic netw ork use and 

impacts, have also advocated the use of m ore qualitative techniques tha t w ould shift attention  

to individuals and  to social and behavioral factors associated w ith electronic netw orking.

It appears that there is still considerable doubt about appropriate uses of CMC in term s 

of the ability of com puter netw orks to support task-related and  socioem otional com m unication 

and the degree to which netw orks a re  able to transm it cognitively and  em otionally com plex 

messages. A range of impacts have been attributed to CMC, including changes in the quantity  of 

inform ation exchanged, greater diversity of communication partners, changes in g roup  processes 

and decision m aking, changes in organizational structure, m edia substitu tion , and  increased 

productivity . Some "quantitative" im pacts of CMC on w ork and  com m unication (e.g., tim e 

savings) a re  easier to m easure than  "qualitative" im pacts (e.g., tran sfo rm ation  of w ork
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processes), and  appear to be m oderate. Q ualitative im pacts a re  som etim es m ore d ifficult to 

assess, b u t m ay be m ore significant.

A ttem pts to identify factors affecting netw ork use have not yielded strong results, b u t it 

w ou ld  ap p ear m a t access to com puters, the  n a tu re  of the task  perform ed, the  n a tu re  of 

com m unication needs, situational needs and  constraints, and users' perceptions of the  m edium  

have been show n to influence netw ork use. CMC research has suffered from  a lack of cross- 

o rganizational studies, a lack of studies conducted in non-office settings, a lack of stud ies that 

exam ine both users and  non-users of networks, and a lack o f qualitative studies.

Recently, a num ber of em pirical efforts dedicated to exploring the use of electronic 

netw orks in  science and technology have been undertaken. The rest of this section is devoted  to 

a review  of this work. Most of this work focuses on the use of netw orks for CMC. It suggests that 

netw orks can facilitate engineering com m unication and work, although no netw ork ing  studies 

have dea lt exclusively or extensively w ith engineers. Further, new  questions and  issues have 

been raised , a num ber of conflicting findings have been  presen ted , and  few stu d ies  have 

com pared netw ork users to nonusers. Those studies that provide the m ost in-depth  treatm ent of 

the use and  im pact of electronic netw orks from  the point of view of those engaged in  scientific 

and technical w ork are review ed first. Then, relevant results from other studies a re  presented.

In connection w ith the governm ent's NREN initiatives, McClure e t al. (1991) conducted 

an  em pirical assessm ent of the im pact of electronic netw orks on the research process and 

scholarly com m unication. M ultiple data collection techniques w ere used to gather data from 

researchers in a variety of organizations and disciplines. The au thors p resen t resu lts related  to 

netw ork  use, impact, barriers, and issues, and  discuss im plications for netw ork adm in istra to rs 

and  com puting staff, R&D m anagers, and netw ork users and potential users. In term s of use, 

they found that netw ork applications related to both inform al com m unication (e.g., electronic 

m ail and  bulletin  boards) and data collection and analysis (e.g., rem ote log-in, file transfer)
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w ere u sed  often and considered  m ost valuable. A pplications related to form al inform ation 

transfer (e.g., online searching, and  publication in electronic journals) w ere used less often.

The conclusions reached by McClure et al. (1991) about the im pact o f electronic networks 

on  research w ork were:

• There seem to be few differences in  use am ong academic, Federal, and  private sectors;

• Perceived value is related to degree of use;

• N etw orks p rom ote  and facilitate collaboration;

• N etw orks reduce negative effects of being a t a rem ote o r small institution;

• Basic com ponents of the research process have not changed, bu t the process is m ade more 
efficient and, in  som e cases, m ore effective, by electronic netw orks;

• N etw orks have strongest im pact at data collection and  analysis stages;

•  N etw orks have som e im pact on  project p repara tion , the fo rm ulation  of a research 
design, and the in terpretation  of results; and

• N etw orks have the least im pact on problem  definition and the presen tation  of results. 

In term s of research com m unication, they found that:

•  Some com ponents of the scientific com m unication process have changed as a resu lt of 
netw ork use;

• N etw orks m ake  scientific com m unication m ore efficient an d , in  som e cases, m ore 
effective;

• N etw orks facilitate the adm inistrative and  logistical aspects of a rrang ing  conferences, 
m eetings, publications;

• N etw orks aid in the identification and provision of docum ents;

• N etw orks facilitate and im prove the production of p rin t journals;

• N etw orks broaden  the scope of a researcher's com m unity; and

• N etw orks facilitate com m unication about w ork in progress.

This w ork is im portant because is one of the few studies of netw orking in  science and technology 

se ttings th a t explores th e  problem s encountered  by ind iv idual researchers in  th e ir  u se  of 

netw orks and  that, in addition , devotes considerable attention  to social an d  behavioral issues
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that p resen t barriers to  netw ork use. The technical problem s m ost often noted  by study  subjects 

include com plex netw ork ing  procedures; insufficient netw ork  capacity, connectiv ity , and  

re liab ility ; lack of s ta n d a rd s  an d  use r-friend ly  ap p lica tio n s; an d  lack  o f ad e q u a te  

docum entation and  directories. Im portant nontechnical problem s included: inadequate training 

and  su p p o rt; confusing  and  dysfunctional netw ork policies; "cultural" differences betw een 

netw ork users, netw ork m anagers, and organizational m anagers; and  increased com petition for 

network resources.

In a sub seq u en t study  by the sam e researchers, D oty e t al. (1991) looked a t the 

relationship  betw een social and technical norm s in  the research com m unity and  netw ork  use. 

They found that researchers' use of and a ttitudes tow ard netw orks appeared  to be gu ided , to 

some extent, by the degree to which netw orks could be integrated into the prevailing  norm ative 

beliefs of the com m unity.

R esearchers in  the in terd iscip linary  area of com pu ter-suppo rted  cooperative w ork 

(CSCW) begin  from  the  prem ise tha t in  o rd er to im plem ent effective in fo rm ation  and  

com m unication systems, one m ust begin with a thorough understanding of the w ork that the new 

technology is in tended to support. A num ber of CSCW studies have appeared  in recent years, 

w ith im portan t collections provided by Olson (1989), Greif (1988), and G alegher, K raut, and 

Egido (1990). M ost of these studies investigate the nature of certain k inds of w ork and w ork 

com m unication and then discuss the im plications of these investigations for the design  and 

im plem entation of com puting  and com m unications systems. Several CSCW studies describe 

scientific and  technical w ork and communication.

Ancona and Caldw ell (1990) investigated the tasks and com m unication of new product 

developm ent team s in  h igh  technology com panies. The au th o rs  note tha t such team s "are 

responsible not only for the specific technical design of a product, bu t also for coordinating  the 

nu m ero u s functional a reas and  hierarchical levels th a t have in fo rm ation  an d  resources 

necessary to m ake the new  product a success" (p. 174). P roduct teams are becom ing com m on in
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firm s ranging from  Proctor and  Gamble to General M otors to Lockheed (p. 173). Ancona and 

Caldw ell found tha t new  product team s progress through three phases of activity: creation, 

developm ent, an d  diffusion. The com m unication- an d  in fo rm ation-in tensive  tasks tha t 

accom pany these phases include (pp. 184-185):

• Getting to know  and trust team members;

• D eterm ining the availability of resources;

• U nderstanding w hat other functional groups think the product can and should be;

• Investigating technologies for building the product;

• Exploring potential m arkets;

• Solving technical problem s;

• C oordinating the team s w ork internally and externally;

• Keeping external groups informed;

• Building relationships w ith external groups that will receive the team 's ou tpu t;

• Prom oting the product w ith manufacturing, marketing, and service groups.

Ancona and Caldw ell conclude that inform ation and com m unication technologies designed to 

support these changing activities m ust be flexible and support the team 's need to identify and 

contact relevant external groups, generate and evaluate ideas, and coordinate work. They note 

that electronic mail could be used to facilitate com munication w ithin the team  and  coordinate 

w ork w ith external groups. Com puter conferencing systems would allow  the team  to provide 

regular updates on work progress and encourage ongoing discussion of particu lar issues w ith 

re levan t ind iv iduals . Finally, n e tw ork ing -com bined  w ith co m p u tin g  app lica tions like 

C A D /C A M -allow s the d irect exchange of w ork products and non-textual technical details. 

Some of the lim itations of netw orking are also m entioned. Electronic mail and  conferencing 

system s m ay resu lt in inform ation overload for p roduct developm ent team s and  m ay not be 

adequate  for conveying am biguous inform ation or bu ild ing personal rela tionships, bo th  of 

w hich are im portant in the developm ent work.
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K raut an d  his colleagues have published a num ber of papers tha t describe their w ork 

o n  the n a tu re  of inform al com m unication  and its rela tionsh ip  to co llaborative R&D w ork 

(Kraut, Egido, & G alegher, 1990; Kraut, Fish, Root, & Chalfonte, 1989 draft; K raut, Galegher, 

& Egido, 1988, 1989 d raft). Their w ork is based on surveys and in terv iew s com pleted  by 

sc ientists and  eng ineers in  a large industria l R&D laboratory  an d  also  on  exam in ing  the 

arch ival publication  record of researchers in psychology. Several aspects o f th is  w ork are 

especially relevant to the cu rren t study: the characterization of inform al com m unication that 

is based  on  com m unica tion  qualities, the trea tm en t of co llabo ra tive  w ork  tasks an d  

com m unication functions, and the discussion of im plications of their findings on collaborative 

scientific and technical w ork for new  com munication technologies.

Inform al com m unication  is defined  in this w ork in term s of the se t o f qualities it 

possesses (Kraut, Fish, Root, & Chalfonte, 1989 draft). Form al com m unication is characterized 

as scheduled  in  advance, w ith  a rranged  partic ipan ts and  a p re-se t ag en d a , a one-w ay 

com m unication flow, im poverished content, and formal language and speech register. Informal 

com m unication, how ever, is unscheduled, involves random  partic ipan ts an d  an  unp lanned  

agenda, is interactive, possesses rich content, and uses inform al language. Stohl and  R edding 

(1987, p. 457) review  literature on the nature and function of m essages and  m essage exchange 

processes, a lth o u g h  they do  no t relate th is w ork to the  po ten tia l of new  com m unication  

technologies. They typify the form al/inform al dichotom y along a set of d im ensions sim ilar to 

th a t described  by K rau t e t al., characteriz ing  in fo rm al com m un ica tion  as unofficial, 

spontaneous, nonroutine , tentative or exploratory, and conveyed w ith  casual language. The 

au th o rs  describe the functions of inform al com m unication as R&D scientists an d  engineers 

involved  in  co llaborative  w ork  in itiate, plan, execute an d  w ind  d o w n  p ro jec ts  (K raut, 

G alegher, & Egido, 1989 draft). They note tha t collaborators in itia ting  pro jects m ust get 

acquainted , identify  com m on interests, assess com patibility, and do prelim inary  planning. In 

p lanning and conducting work, informal com munication 'b rin g s researchers into contact w ith a
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pool of theory, research  findings and procedures" (p. 18). It also p rov ides  a m echanism  for 

b ro w s in g  a n d  in te rp re tin g  p u b lish ed  lite ra tu re , re f in in g  ideas, sh a rin g  in fo rm atio n , 

coordinating  activities, supervising work, and m onitoring w ork  progress an d  perform ance.

K raut, G alegher, an d  Egido (1989 d raft) argue th a t physical p rox im ity  is th e  best 

technology for fostering successful g roup  efforts in science and  technology because it allow s the 

spon taneous, casual, in terpersonal conversations that a re  necessary for g ro u p  m aintenance, 

m em ber support, and w ork production  functions. They presen t evidence, based on  a survey of 

R&D w orkers, th a t physical proxim ity increases the chances that collaboration w ill occur. In 

a survey  of researchers in psychology, they found that physical proxim ity  is strongly  related to 

com m unication frequency, including the frequency of telephone and  electronic m ail use. Their 

resu lts for this g ro u p  also show  th a t frequency of com m unication is positively associated w ith 

g rea ter satisfaction w ith the process of conducting  w ork and  is negatively associated w ith the 

tim e needed to com plete a project.

In o ther w ork, K raut, Egido, and G alegher (1990) "define basic  req u irem en ts  tha t 

com m unication technologies m u st m eet to suppo rt [...] any cooperative intellectual w ork  that 

spans m onths and is a t least partially  based on a sustained personal re la tionsh ip  am ong  the 

m em bers of a w ork group" (p. 165). The m ajor requirem ents are that they perm it h igh  quality 

in te rac tio n s  a s  low  personal cost, i.e., th a t they p ossess the ch a rac te ris tic s  typ ically  

associated w ith  inform al com m unication. They contend tha t cu rren t technologies, including 

electronic m ail and  conferencing system s, a re  lim ited in  the degree to possess these qualities.

K raut and  his colleagues have designed technologies, such as the Video W indow , that 

su p p o rt in te ractive  v ideo  and  aud io  links betw een geograph ica lly  rem ote  s ite s  and  are 

in tended  to m im ic all the characteristics o f inform al com m unication th a t exist w ith  physical 

proxim ity. N onetheless, they conclude that "no single technology for supporting  collaboration 

w ill ad eq u a te ly  sa tisfy  researchers ' needs th ro u g h o u t the  co llaborative process" (Kraut, 

G alegher, & Egido, 1988, p. 764). T hus, the capab ilities  of d iffe ren t com m un ication
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technologies m ay m ake each m ore or less appropriate to a given situation. For those occasions 

requiring the transm ission of a sim ple piece of non-visual, unam biguous inform ation, electronic 

m ail m ay be preferable to a v id eo /au d io  connection because it p rovides sufficient bandw id th  

an d  does no t dem and  the m utua l presence of both partners in  the exchange. They also note 

(Kraut, G alegher, & Egido, 1989, draft, p. 41) that the benefits of inform al com m unication that 

they cite m ay no t scale up: large, heterogeneous team s may require m ore formal com m unication 

and  control mechanisms.

Bizot, Smith, and  Hill (1991) conducted an  investigation of the  use of electronic mail 

by  m anagers, scientists, engineers, technicians, and  support staff in  five div isions of an Amoco 

R&D facility. They found th a t em ployees in an R&D organization found electronic mail m ost 

app rop ria te  for (in descending order) exchanging inform ation, asking questions, exchanging 

opinions, keeping in touch, and com m unicating w ith people who are not well know n. It w as not 

considered  very  ap p ro p ria te  for exchanging confiden tia l in fo rm ation , g en e ra tin g  ideas, 

problem  solving, decision m aking, task allocation, resolving disagreem ents, and bargaining and 

negotiating. R&D m anagers found electronic mail m ost appropriate  for calling g ro u p  meetings, 

p assing  suggestions u p  the organizational ladder, sending  an d  receiving p rog ress reports, 

assigning ind iv idual tasks, and giving positive perform ance feedback.

O verall, responden ts felt tha t electronic m ail had changed their w ork  in a positive 

way. A con ten t analysis of m essages revealed that over 90% w ere w ork-related. M essages 

w ere assigned to  each of the following functional categories (in descending order): solicit or 

supp ly  nontechnical in form ation /advice/op in ions; com puter-related; perfunctory approval or 

acknow ledgem ent; m eetings and  appointm ents; request or p rov ide rou tine su p p o rt service; 

technical; establish responsibilities; status report on work in progress; and social or nonw ork 

related . They conclude that m ost m essages dealt w ith adm inistra tive or nontechnical, as 

opposed  to  technical m atters. From their exam ples of m essage functions (p. 83), how ever, it 

appears that "technical" w as applied  very nan-owly to m ean the exchange of actual pieces of
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technical data , e.g., "The current solvent composition is..." D iscussion of technical m atters, e.g., 

"The da ta  w e are  ge tting  from  the field w ill have been sum m ed  and  differenced," w as 

categorized as  nontechnical inform ation/advice/opinion.

H iltz, along w ith various colleagues, has produced p erhaps the m ost extensive and  

highly regarded  body of research related to the use of CMC by those engaged in scientific and 

technical w ork  (see, e.g., H iltz, 1988; Hiltz & Johnson, 1989; H iltz & Turoff, 1978, 1981). 

M oreover, th is body of w ork dem onstrates the value of, qualitative approaches to the study  of 

netw ork use an d  impacts. H er m ost in-depth treatm ent of this topic appears in a m onograph 

th a t describes s tu d ies  of several different "online com m unities," i.e., d ifferen t g ro u p s  of 

scientific and  technical users of a particular CMC system  (Hiltz, 1984). The study  of use, and 

perceptions of impact, revealed a wide range of positive effects. CMC w as used to:

• Increase professional reading;

• Increase com m unication w ith local, offline colleagues;

• Reduce tim e needed to contact, communicate with people;

• C larify theoretical controversies;

• C larify m ethodological controversies;

• Reduce travel;

• M eet new  people;

• Broaden perspectives;

• Increase com munication and connectivity;

• Make workers less space and tim e bound;

• Increase quality  of w ork ;

• Increase quantity  of work;

• Increase stock of ideas;

• Provide leads, references, or other info useful in w o rk ; and

• Increase fam iliarity of o thers with one's work.
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H iltz concluded tha t CMC changes the w ay people think and  work, and  expands the size and 

density  of social netw orks. T his research also indicated tha t CM C use  can exacerbate any 

conflicts that m ay exist betw een one's organizational and com m unity affiliations. H iltz found 

th a t netw ork  use m ay dam age one's organizational career, w hile it increases one 's general 

sta tu s w ith in  one's scientific com m unity. O ne lim itation of H iltz 's w ork  is th a t it has been 

restricted prim arily  to the study  of a few particular CMC systems.

Foulger (1990) conducted  a large-scale em pirical investigation  o f users of IBM's in- 

house, in ternational com puter conferencing system  (about 50% of w hom  w ere em ployed in 

R&D). O ne contribution  of th is  w ork is its in-depth  analysis of b o th  the n a tu re  of various 

com puter m essaging applications and the differences betw een electronic com m unication and 

other form s of interpersonal and  m ass com munication (see Heeter, 1989, for another m odel for 

classifying CMC system s). Subjects in Foulger's study  reported  m any positive effects o f the 

electronic com m unication system  used a t IBM, m ost of w hich, Foulger notes, had  n o t been 

m entioned in  existing literature on  conferencing systems. This com m ent d raw s attention to the 

lim itations of existing research, o r, perhaps to problem s inherent in study ing  a technology that 

is changing so rapidly. In descending order of importance, reported im pacts included: "answer 

questions, better answers, change w ay job is done, job knowledge, increased peer contact, boosted 

m orale, ou tside g roup  contact, increased productivity, personal contribution, IBM know ledge, 

changed thinking, anticipate problem s, vertical contact." O ne problem  noted by respondents 

w as isolation from nonusers. Foulger also found that people using the conferencing system  felt a 

sense of com m unity  w ith o th e r users, sim ilar to th a t w hich they felt for peop le  in  their 

neighborhood communities.

Hesse, Sproull, Kiesler, and  W alsh (1993) studied  the use of electronic netw orks by 

researchers in  oceanography. They found that oceanographers w ho use  electronic netw orks 

em ploy  them  for (in d escen d in g  o rder) electronic m ail, da ta  transfer, accessing rem ote
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databases, an d  accessing rem ote program s. In term s of im pact, frequent use of netw orks w as 

associated w ith  institu tional prestige, professional recognition, m ore  publications, and  m ore 

colleagues know n. In term s of netw orking functions, frequent use is associated w ith  p lanning and 

ad m in is tra tiv e  tasks an d  d a ta  collection and  analysis; in freq u en t use is associa ted  w ith  

theoretical w ork.

Feldm an (1987) conducted a study  of several divisions of a Fortune 500 office system s 

corporation  an d  found tha t the R&D divisions w ere the m ost extensive u se rs  of electronic 

m essaging  system s. She found th a t 65% of m essages transm itted  w ere w ork-re la ted , th a t 

spatial and  organ izational distance d id  no t have a system atic effect on m essage traffic, and  

that m ost m essages w ere one-to-m any com m unication, sent to g roups of people via distribution  

lists. P erhaps the m ost significant finding of this study  w as th a t electronic m ail and  bulletin  

boards create com m unication links tha t w ould not o therw ise exist betw een peop le  w ho do  not 

know  each o th e r o r a re  spatially and  organizationally distant; such "weak tie" m essages w ere 

particu la rly  im p o rta n t in  su p p o rtin g  socialization and  problem -so lv ing . T his find ing  is 

im portan t because it suggests that the benefits described in connection w ith social netw orks m ay 

in  fact be facilitated by electronic netw orks.

Key resu lts  of o ther recent stud ies of the use of electronic netw orks by scientists and 

engineers are sum m arized below:

• Electronic netw orks a re  m ost useful for logistical, adm inistra tive exchanges related to 
research  projects. They are  som ew hat useful for engineers, less useful for scientists 
(Gerola & G om ory, 1984).

• Electronic m ail is intim ately involved in supporting  cooperative R&D w ork; it is m ost 
im portan t for enhancing existing interactions. There is a great deal of com m unication 
w ithin, b u t no t between, research program s (Eveland & Bikson, 1987).

• Electronic mail is m ost often used by researchers to contact people w ith sim ilar interests 
a t d iffe ren t locations, is used prim arily  for research w ork, is used m o st often  to get 
in fo rm ation , and  is usually  used to contact ind iv iduals (S ch ae fe rm ey e r & Sewell, 
1988).
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• For the seven softw are developm ent team s s tud ied , g rea ter use o f electronic m ail is 
associa ted  w ith  im p ro v ed  perform ance. E lectronic m ail red u c es  u se  of o th e r 
com m unication channels and is used m ost often for coordinating w ork (Finholt, Sproull, 
& K iesler, 1990)

• For em ployees in  R&D and p roduct developm ent d iv isions of a F ortune 500 office 
equ ipm en t firm, those in  the developm ent division had  g rea ter access to  CMC, sen t 
m ore m essages, sent a greater proportion  of w ork related  m essages, an d  knew  their 
p artners  better (Sproull & Kiesler, 1986).

Some w ork has investigated the use of netw orks in science and technology settings, no t 

by  look ing  a t ind iv idual users, bu t by  conducting  surveys ta rge ted  to  a sing le ind iv idual 

rep resen tin g  an  en tire  o rganization . W hile offering little  in sigh t in to  in d iv id u a l use and  

im pact, they are able to describe netw ork use on a b roader scale than  user-based stud ies of 

p articu lar o rganizations and  groups. Case and Pickett (1987) surveyed 74 Fortune 500 R&D 

com panies ab o u t their use of inform ation technology. They found  that a m ajority  of those 

o rganizations surveyed reported  using inform ation and  com m unication  technology for such 

th ings as, in  decreasing order, scientific calculations, d a ta  collection, lab au tom ation , CAD, 

m odeling , p rocess control, an d  project m anagem ent. Between one-th ird  an d  one-half of 

re sp o n d e n ts  rep o rted  the u se  of com pu ter-a ided  eng ineering , p ro to ty p in g , and  CAM 

applications. C om puter netw orks were em ployed in 62% of the com panies surveyed and better 

n etw o rk in g  w as the m ost often  cited area for im provem ent. R espondents ind icated  tha t 

in fo rm atio n  an d  com m unication  technology con tribu ted  to enhanced  p ro d u c tiv ity  an d  

perform ance in  a variety  of ways. It allow ed R&D w orkers to  d o  m ore tho rough  research, 

com pile  m ore  accurate o r com plete inform ation, perform  m ore pow erfu l or sophisticated  

analyses, save tim e, reduce errors, im prove the coordination of project activities, and  facilitate 

the p roduction  of w ritten reports.

De M eyer (1991) surveyed 14 international R&D firm s abou t the m echanism s they used 

to im prove  organizational com m unication and coordination. All o f the firm s s tud ied  used  

electronic mail and  com puter conferencing to some degree to encourage R&D com m unication,
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although  som e of the system s used were pilot program s or experim ents. M ost firm s found 

electronic com m unication  to be m ore effective in coord inating  w ork; the use of electronic 

com m unication to  share "innovative, problem -solving inform ation" varied w ith the  natu re of 

the w ork  being perform ed: "The higher the analyzability and  the low er the com plexity of the 

technology [being developed by R&D workers] ... the m ore effective the com puter supported  

com m unication system s seemed to be" (p. 56). Electronic com m unication cannot replace all in- 

person and  telephone conversations, in part because in-person contact is essential to m aintain 

m utual confidence and trust.

Em ployees in  various departm en ts (legal, sales, p lanning, eng ineering , purchasing, 

com puter support) of several large m anufacturing firms w ere studied by Lee and Treacy (1988). 

Subjects reported  that inform ation and com m unication technology allow ed them  to diversify 

sources of available inform ation, increase the chances of finding relevant inform ation, consult 

people w ith  d ifferen t expertise, schedule w ork m ore easily, im prove p lanning , and reduce 

uncertainty about procedures and goals.

In sum m arizing the results of all of these empirical studies of netw ork use in science and 

technology settings, there seems to be general consistency in findings related to the purposes for 

which electronic netw orks are used by people involved in  scientific and technical work. Most 

au thors cite uses in the general areas of planning and coordinating work, the actual conduct of 

w ork (e.g., to get ideas and  inform ation and to solve problem s), and in the realm  of social 

support in  the w orkplace (e.g., to boost morale, initiate contact, and m ake w ork enjoyable). On 

the o ther hand, a num ber of conflicting findings exist. Eveland and Bikson (1987) conclude that 

netw orks m ainly enhance existing interactions, while Feldm an (1987) asserts tha t netw orks 

create new  com m unication  links and Foulger (1990) and  Bizot, Sm ith, an d  Hill (1991) 

em phasize that netw orks create new  ways of thinking and doing things. Some au thors find 

that netw orks are used mainly to com municate with spatial and organizational rem otes while 

others find that m ost electronic com munication occurs between people w ho occupy proxim ate
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positions. Som e stud ies conclude tha t netw orks are used m ainly to contact ind iv iduals w hile 

o thers conclude that they are used m ainly to contact groups.

The fact rem ains tha t no em pirical studies have dealt exclusively or extensively w ith  

engineers, the degree to which netw orks are used in engineering w ork and com m unication, and 

fa c to rs—esp e c ia lly  soc ia l an d  b eh a v io ra l fa c to rs—asso c ia te d  w ith  th e  en g in e e rin g  

env ironm ent th a t m ay be related to netw ork use. The cu rren t s tudy , like the CSCW stud ies 

described  in  th is section, iden tified  technology uses and  im pacts afte r f irs t gain ing  an  

understand ing  of the environm ent, work, and com m unication behaviors of the particular g roup  

un d er investigation.

2.6.5. Engineers' Use of Com puter Networks: Summary and Conclusions

This section has suggested the im portance of, and described curren t know ledge about, 

the use of electronic netw orks by engineers. In the policy arena, the Federal governm ent is 

investing  in  national high-speed netw orks and developing netw ork ing  system s and policies 

directed tow ard  the solution of "grand challenges" in engineering. G overnm ent studies assert 

the po ten tia l im pact of netw orking, bu t little em pirical w ork has been d o n e  on the u se  of 

netw orks by engineers. A num ber of descriptions of the use of electronic netw orks in  engineering 

settings have appeared ; these provide im portant context inform ation for the cu rren t study. As 

y e t there have been no cross-organizational, em pirical studies of the use of electronic netw orks 

by  engineers. A num ber of em pirical investigations of electronic ne tw ork ing  have been 

conducted  in  science and technology settings, although the m ajority  of research  devoted  to 

studying  netw ork use has been conducted in other environm ents, has lacked a user perspective, 

an d  has y ie lded  a num ber of conflicting findings. Thus, the cu rren t s tudy  hopes to extend 

p rev ious em pirical w ork by taking an  inductive approach in investigating  netw ork ing  use, 

impacts, and factors related to use in one im portant engineering com m unity.
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2.7. Conclusions: Implications of Previous Research for the Current Study

The pu rposes of the  cu rren t research are to  describe the use of electronic netw orks by 

aerospace engineers and  to explore relationships am ong netw ork  use, eng ineering  w ork, and 

engineering  com m unication . This chapter review ed literature in these m ajor areas, and  has 

attem pted  to  achieve a balance of attention to topics and  issues in  this broad arena. A num ber 

of conclusions d raw n  from  th is review  of the literature have im plications for the conduct of the 

curren t study, which are discussed below.

First, the aerospace industry  possesses a num ber of characteristics th a t m ay affect the 

use  an d  im pacts o f electron ic netw orks in  aerospace engineering . F u rth e r, the  un ique 

characteristics of the aerospace industry  m ust be kep t in m ind w hen  in te rp re ting  the  cu rren t 

stu d y 's  findings, especially in term s of assessing the degree to w hich they are  generalizable to 

o ther industries.

Engineering w ork is com plex and  m ultifaceted. Thus, it can, and shou ld  be classified 

along a num ber of d im ensions in the cu rren t s tu d y  (e.g., p rim ary  job responsibility , prim ary  

organizational unit). At the task level, aerospace engineering appears sim ilar to o ther k inds of 

engineering . Engineering w ork encom passes a range of social and  technical ac tiv ities and 

com m unication  is a m ajor com ponent of engineering work. This suggests th a t a variety  of 

com puter netw ork  applications (i.e., those supporting  inform al com m unication , com putation , 

and inform ation creation and  retrieval) m ay be useful to aerospace engineers.

The d iversity  of aerospace engineering w ork is closely associated w ith  the d iversity  of 

know ledge created  and  p roduced  by aerospace engineers. M uch know ledge ap p ears  to be 

transm itted  w ithin th e  technological com m unity. Some forms of aerospace engineering m ay be 

suitable to electronic transm ission, given the cu rren t state of netw ork ing  technology, while 

o thers m ay not. Further, the em phasis in the literature on the ro le of the com m unity  suggests 

the im portance of exam ining social factors and im pacts related to netw ork use.
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E ng ineering  com m unication  occurs w ith in  b o th  in fo rm al n e tw o rk s a n d  form al 

o rgan izations. T hus, th e  cu rren t study  pays atten tion  to organizational factors re la ted  to 

electronic netw orking. The literature on inform al social netw orks in  science an d  technology 

raises a num ber of interesting questions in an  electronic age, e.g., will the uses an d  im pacts of 

social netw ork ing  b e  m irrored  in  electronic netw orking? Em pirical s tud ies o f engineering  

com m unication  an d  inform ation use have achieved consensus on som e findings, such as  the 

im portance of interpersonal com m unication in  the conduct o f engineering work, the im portance 

of access as a determ ining factor in the use of engineering resources and com m unication channels, 

and  the k inds o f engineering resources used by  engineers. These suggest rela tionsh ips to be 

explored in  the  cu rren t s tudy  of electronic com m unication an d  inform ation use. O n the other 

hand , the exact natu re  of the relationship betw een the use of various engineering resources and 

the accom plishm ent of particu lar w ork tasks is far from  fully  explained. Finally, very few  

stud ies of engineering com munication and resource use have included investigations of the use of 

com puter networks.

The Federal governm ent and ind iv idual o rgan izations a re  investing  in  electronic 

netw orks in  anticipation of certain outcomes. It is clear tha t electronic netw orks are  being  used 

in engineering settings. Very few empirical investigations of the use of electronic netw orks in 

eng ineering  se ttings have been conducted , how ever, so it is d ifficu lt to p red ic t w hether 

investm ents are  w arran ted , w hat factors affect netw ork use, o r w hich netw ork  des ig n s and 

strategies w ould  be m ost effective. The lack of em pirical, user-based data  also m eans tha t the 

curren t study can extend existing knowledge about netw orking uses, determ inants and im pacts in  

engineering settings.

The juxtaposition of literature related to engineering work, com m unication, and  netw ork 

use suggests a num ber of interesting issues and  questions. For exam ple, if m uch of engineering 

know ledge is nontextual and nonverbal, how  useful are netw orks likely to be as a m edium  for 

com m unication  an d  inform ation processing? Do "invisible labs" and  "invisible shop  floors"
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(analogous to invisible colleges in  science) exist? If so, will electronic netw orks extend their 

benefits? Some of these questions are explored in  the current study; others offer insights into 

fu tu re research directions.

O ne m ajor failure of current research on electronic netw orking is tha t it has no t paid 

m uch atten tion  to  the w ork and  com m unication needs and patterns of the various g roups of 

peop le  it stud ies. The literature review ed here suggests that, g iven the ir w ork  tasks and 

com m unication activities, aerospace engineers m ay benefit greatly from the im plem entation  of 

electronic netw orks in the workplace. It also suggests that they are likely to encounter a num ber 

of problem s. Due to the lim ited extent of previous work in engineering work, com m unication, 

an d  electronic netw orking, the literature provided only limited guidance on choice of variables 

for th is study . C hapter 3 describes the developm ent of this s tu d y 's  m ethodology, m uch of 

w hich w as bu ilt on  the ideas and techniques encompassed in  the previous w ork that has been 

review ed here.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY

3.1. Introduction

The aim  of this study  is to explore and describe the use of com puter netw orks by U. S. 

aerospace engineers. It investigates com puter networking from  a user perspective an d  focuses on 

the w ay  tha t netw orks are  currently  used by aerospace engineers to  facilitate com m unication 

and  o therw ise assist in the perform ance of w ork tasks. The study  is guided  by the following 

research questions:

1) W hat types of com puter networks and netw ork applications are  curren tly  used by 
aerospace engineers?

2) W hat w ork tasks and  com m unication  activ ities do  aerospace eng ineers use 
com puter networks to support?

3) W hat w ork-related factors are associated w ith the use of com puter netw orks by 
aerospace engineers?

4) W hat a re  the  im pacts of netw ork  use on aerospace eng ineering  w ork  and 
communication?

Data to answ er these questions w ere collected from a w ide variety of aerospace engineers. The 

chief m echanism  for gathering  data w as a national m ail survey, b u t the m ail su rvey  w as 

p receded  by prelim inary  activities: initial site v isits/in terv iew s, a te lephone survey , and 

p rim ary  site v isits /in terv iew s. The three prelim inary activities w ere used  to refine the mail 

su rvey  instrum ent, to supp ly  anecdotal and  in terpretive da ta  no t easily gathered  in  a mail 

survey, and  to p rov ide data that, w hen com pared to the survey data, can be used to validate 

the m ail survey results.

No previous study  has collected extensive, cross-organizational, em pirical da ta  on the 

use of electronic netw orks by engineers. S tudy results w ill contribute to existing know ledge 

about both netw ork use and the nature of engineering work and com munication. F indings can be
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used  by the aerospace com m unity—and possibly o thers as w ell—to inform  the developm ent of 

m ore effective netw orking system s, services, and policies.

This chapter p resen ts the basic elem ents of the p lan  for collecting d a ta  to answ er the 

research questions presen ted  above. The study 's design and  m ethods for collecting da ta  are 

describ ed , th e  fram ew ork  for ana lyz ing  the resu lts  is p resen ted , and  th e  benefits  an d  

draw backs of the chosen m ethods are discussed. Results from  prelim inary  s tu d y  activities tha t 

contributed  to the developm ent of subsequent data collection instrum ents, and  can be used to 

triangulate  m ail survey results, are  also presented.

3.2. Plan of the Study 

3.2.1. Overview

A erospace eng ineers from  a w ide range of p rivate , g o v ern m en t, and  academ ic 

institu tions w ho perform  a variety of engineering du ties w ere included  in th is investigation. 

The study  d rew  u pon  m ethodological approaches and techniques th a t have evolved  in  the 

fields of library and inform ation science, com munications, m anagem ent, and sociology. Because 

it is a user-based, the study  aim ed to collect data  directly from ind iv idual aerospace engineers 

on netw ork ing  topics and issues that w ere related  to their ow n personal experiences an d  

concerns.

F igure 3-1 dep ic ts  the m ajor activities com prising the s tu d y . P rev ious experience 

in vestiga ting  scientific an d  technical in form ation  transfer and  th e  use of n e tw o rk s by 

researchers w as used to form ulate prelim inary research goals, questions, and m ethods for this 

study . Reviewing the literature on engineering work, com m unication, and netw ork  use also 

contributed  to the early form ulation of study goals. An app rop ria te  sam ple fram e w as then 

identified  and a sam ple obtained. M ultiple data collection techniques w ere used  to gather 

da ta  on characteristics, perceptions, and activities of aerospace engineers th a t are rela ted  to 

netw ork use, w ork tasks, and com munication activities.
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F ig u re  3-1. M A JO R  STU D Y  A C T IV IT IE S
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Initial site v isits /in terv iew s w ere conducted in  June 1991 in  o rd er to becom e m ore 

fam iliar w ith aerospace engineering w ork and com munication. A national telephone survey in 

July and  A ugust 1991 w as used to contact a subset of the chosen sam ple and  gather prelim inary 

data  from  the 430 respondents on their use of electronic netw orks. D ata from  the initial site 

v isits/in terv iew s and telephone survey were review ed and used to focus the study 's goals and 

questions and  assess the basic characteristics of the sam ple frame. The next m ajor step w as to 

develop , p re test, and  conduct the study 's  p rim ary  site v is its /in te rv iew s. These in -dep th  

interviews of 31 aerospace engineers were conducted in August 1991 and  w ere used to explore the 

range of aerospace engineers' perceptions and activities related to w ork tasks, com m unication 

activities, and netw ork use; they also served as a pretest for a num ber of questions tentatively 

p lanned  for the national m ail survey.

D uring  Fall 1991 and  Spring 1992, these prelim inary  da ta  w ere  carefully  review ed, 

sum m arized, an d  used to inform  the design of the national m ail survey questionnaire. The 

questionnaire w as developed during  June through September 1992 and a pretest w as conducted in 

O ctober 1992. P retest resu lts w ere analyzed, leading to revisions to the questionnaire. The 

final version of the questionnaire w as sent to approxim ately 2000 aerospace engineers a t the 

end of February 1993. A second m ailing of the questionnaire to nonrespondents w as undertaken 

in early April. Coding and data entry procedures for the survey w ere review ed and revised in 

May and  June 1993. A test database containing the results of 144 random ly  selected returned  

questionnaires w as created to finalize coding, input, and analysis procedures. Returned surveys 

w ere accepted th rough  July 15, 1993, after w hich all survey d a ta  from  the 950 re tu rned  

questionnaires w ere entered into the database. From July to December 1993, a num ber of sim ple 

statistical analyses w ere perform ed and results were reviewed. The final step in the study was 

the integration, interpretation, and  reporting of the study 's findings.

A m ajor strength of the study  is its use of m ultiple m ethods for gathering  data. The 

data collection activities pu rsued  in this research are cum ulative. Each activity contributes to
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the study  in  a d ifferen t way. Insights gained in  prelim inary  activities w ere u sed  to  refine 

instrum ents and  help  in te rp re t findings in  subsequent data  gathering stages. The prelim inary  

data  collection activities p roduced four im portant benefits. They helped  in: (1) refin ing the 

study 's goals and  research questions; (2) designing item s for the mail survey, so tha t the results 

yielded by the  m ail survey  w ould  be m ore valid and  reliable; (3) allow ing the collection of 

d ifferen t k inds of da ta  from  s tu d y  subjects, i.e., anecdotal data in  the in terv iew s and  m ore 

stru c tu red  responses in  the surveys; and  (4) supporting  da ta  tr iangu lation , w hereby  da ta  

collected by d ifferent m echanism s, b u t related to the sam e variable, can be com pared.

3J22. Framing the Research Questions: Definition of Key Study Concepts

Each of the  s tu d y 's  research  q uestions con tain s term s th a t rep resen t im p o rtan t 

conceptual elem ents. This section will explain the constructs used in the research questions and 

suggest how, generally, the constructs used as variables w ere operationalized. The basic goal of 

this section is to  explain  w hich data  the study  sought to collect and  w hy. A m ore detailed  

descrip tion  of how  data  related  to the stu d y 's  key concepts w ere collected and  analyzed  is 

presented below  in Section 3.4: Analysis Framework. Because this study  w as com prised of a 

num ber of d ifferent data collection activities, each with a som ew hat un ique focus and  purpose, 

concept defin itions evolved th roughou t the course of the research an d  precise, identical 

definitions w ere not used in every portion of the study. The definitions of key s tu d y  concepts 

presented in Table 3.1 represent the general m anner in which these concepts w ere u sed  during  

the course of the s tu d y  and, m ore specifically, how  they w ere defined in the s tu d y 's  mail 

survey.

This study  looks a t the role of com puter netw orking in one particular industry . Unlike 

m ost other studies of com puter technology, it seeks to assess this role across specific job types, 

organization types, and technology im plem entations. The first aim  of this research is to collect 

baseline data describing the current use of electronic netw orks by people involved in aerospace

105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Table 3-1. Definitions of Key Study Concepts

Key Cppggpt
Aerospace engineer

Computer network

Types of electronic 
networks

Definition in th is  Study

Individuals engaged in research, development, design, testing, 
and manufacturing of a wide variety of commercial and military 
aeronautical and aerospace technologies, from commercial aircraft 
to guided missiles to space station equipment.

Throughout the study, respondents were asked to characterize 
their organizations and jobs in terms of:

• Job type (e.g., engineer, scientist, manager, technician)
• Organizational unit (e.g., research, development, 

engineering, manufacturing, marketing)
• Primary work activity (e.g., management, design, testing)
• Principal aerospace subfield (e.g., electronic systems, 

propulsion, structures, aerodynamics).

These characterizations serve to define the individual's role in 
aerospace engineering and were used as a primary means of 
grouping and reporting data on network use and other concepts 
important in tne study.

Telecommunication link that connects computers to each other or 
to other devices. “Electronic network” is used as a synonymous 
term. Examples of computer networks are linked workstations, a 
desktop computer linked to a mainframe or a printer, a dial-up link to 
a remote database, and a direct Internet link from a desktop 
computer. Throughout this study, respondents were instructed to 
interpret the term “computer network” according to this broad 
definition.

Four types of networks were defined for the purposes of this 
study:

• Local area networks: Connect to people, tools, or information 
within one building at the workplace.
Organizational networks: Connect beyond one workplace 
building to people, tools, or information within an individual's 
organization.

• External/research networks: Connect to people, tools, or 
information outside an individual's organization: intended for 
research and educational use.

• External/commercial networks: Connect to people, tools, or 
information outside an individual's organization: open for use 
by the general public.
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Table 3-1(Cont’d). Definitions of Key Study Concepts

Kev C oncepts

Computer network 
application

Network use

Work tasks

Communication
activities

Factors associated 
with network use

Impact of network use

Definition in this Study

A software program used to perform some function over an 
electronic network. Examples of the kinds of network applications 
investigated in this study are electronic mail, remote login, 
information retrieval, and file transfer.

Any instance in which a telecommunications link is employed by an 
individual. Extent of use is defined in this study in terms of self- 
reported frequency of use (e.g., daily, weekly) and intensity of use 
(i.e., percent of work week spent using networks).

Any activity engaged in by an individual that he or she perceives as 
being a part of, or related to, his or her job. The kinds of work tasks 
that aerospace engineers reported performing include such things 
as writing technical reports, producing detailed designs, procuring 
parts, preparing budgets, monitoring schedules, defining product 
requirements, conducting experiments, and ensuring compliance 
with product and process specifications.

Any instance in which an individual contacts either another person 
(such as a co-worker, customer, or supplier) or accesses some 
resource (such as a computational tool, experimental equipment, 
trade journal, design history, specification, or technical report) in 
the course of performing a work task.

May be social, behavioral, situational, or technical, as perceived by 
individuals or suggested in their characterizations of themselves, 
their behavior and attitudes, their organizations, their work, or their 
communication.

Any perceived or reported immediate or longer-term effect of 
network use on an individual or organization, or on the aerospace 
industry, in general. Dimensions of impact investigated in this 
study include:

• The degree to which aerospace engineers use networks, i.e., 
how many engineers use particular types of networks and 
network applications for specific work tasks and communication 
activities;

• The degree to which network use is associated with different 
reported patterns of work and communication;

• Specific effects and impacts of electronic networks, as 
perceived by individuals;

• Value of electronic networks, as perceived by individuals.
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engineering . The first research question  asks "What types of computer networks and network 

applications are currently used by aerospace engineers?" The second research question  explores 

re la tionsh ips am ong netw ork  use, aerospace engineering w ork, and aerospace engineering 

com m unication. It asks "What work tasks and communication activities do aerospace engineers 

use computer networks to support?" Throughout the study, participants w ere asked to describe 

the w ork  tasks they perform , w hom  they com m unicate w ith, and  w hich inform ation resources 

and  o ther tools they needed in  their work. They were also asked to report the degree to which 

netw orks were used to access the people and other engineering resources needed to perform  work 

tasks. C om m unication, w hether w ith people or other engineering resources, is a fundam ental 

engineering activity tha t pervades virtually every engineering task. In o rder to perform  w ork 

tasks, eng ineers com m unicate w ith  a w ide range of people and  access a variety  of o ther 

engineering resources, such as com putational tools, experimental equipm ent, and  docum ents.

This research also a ttem pts to  identify aspects of aerospace engineering  w ork that 

encourage or h inder network use. The third research question asks: "What work-related factors 

are associated with the use of computer networks by aerospace engineers?" Such w ork-related  

factors m ay be social, behavioral, situational, or technical; all of these a re  of in terest in this 

study. The study  assum es that factors associated with netw ork use m ay or m ay not be perceived 

by  aerospace engineers them selves, and  m ay be suggested  by  the ir characteriza tions of 

th em se lv es, the ir b eh a v io r an d  a ttitu d e s , their o rg an iza tio n s, th e ir  w o rk , o r the ir 

com m unication. Aspects of the w ork environm ent which m ay be related to netw ork use include 

the job dim ensions described above (i.e., job type, organizational unit, p rim ary  w ork  activity, 

and  p rincipal aerospace engineering  subfield). O ther factors suggested  by th is s tu d y 's  

prelim inary  da ta  collection activities include organization size, the proxim ity of co-w orkers, 

perceived organizational a ttitudes tow ards netw ork use, the in te rdependence of one's w ork 

w ith the w ork of others, the degree to w hich w ork p roducts an d  resources already exist in
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electronic form , the perceived difficulty of accessing or using  netw orks, and  the need  for 

im m ediate, interpersonal interaction in  a particular situation.

Finally, the study  offers an assessm ent of the im pact o f electronic netw ork ing  on 

aerospace engineers, their organizations, and the aerospace industry . The fourth  research 

q u e s tio n s  asks: "What is the impact of network use on aerospace engineering work and 

communication?" Im pact is evaluated in  this study by collecting and  analyzing several k inds of 

data, including d a ta  on  extent of netw ork use, the degree to w hich netw orks change patterns of 

w ork  an d  com m unication, and  the value and effect of netw orks, as  perceived by ind iv idual 

users.

Both the th ird  and fourth research questions help bu ild  an  understand ing  of the effects 

of netw ork  use on aerospace engineering work. An interesting perspective for the analysis of 

these tw o  questions arises from  w hat has been learned in the study  of trad itional (i.e., non­

com puterized) social netw orks, such as  the "invisible colleges" and social netw orks of scientists 

(see, e.g., C rane, 1972; C ronin, 1982; G ranovetter, 1973), organizational g rapev ines (see, e.g., 

Hellweg, 1987; M ueller, 1986), and com m unity suppo rt g roups (see, e.g., Dosa, 1985). These 

characteristics and  effects can be sum m arized as  greater access to expertise, ideas, resources, 

an d  social o r m oral su p p o rt th rough  increased contact w ith  p e o p le -p e rh a p s  p rev iously  

unknow n--w ho share the ind iv idual's  experiences, interests, and values. W hat k ind of social 

netw o rk in g  exists in  the engineering  com m unity? A re the characteristics and  effects of 

traditional netw ork ing  m irrored in the w orld of electronic netw orks? The cu rren t study  will 

explore these k inds of issues and lay the groundw ork for future research in  th is area.

3.2.3. Linking Important Concepts in the Study

This stu d y 's  four research questions are in tended to gu ide the collection of em pirical 

data tha t will suggest relationships am ong aerospace engineering work, com m unication, and 

netw ork use. In C hapter 1, a conceptual model depicting a fram ew ork for investigating netw ork
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Person to Person Person to Resource

Electronic
Link

Non-Electronic
Link

Figure 3-2. 
Conceptual Links Among Major Elements in the Study

use in  the context of aerospace engineering w ork w as described (see F igure 1-1). The major 

concepts associated w ith each research question w ere identified and described above in Section

3.2.2.

F igure 3-2 contains the sam e conceptual elem ents as F igure 1-1, b u t they are linked in a 

d ifferen t w ay. The previously  presented figure is a snapsho t of one  particu lar s ituation  in 

w hich an  aerospace engineer m ay use electronic netw orks to access specific eng ineering
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reso u rces-h u m an  and  o th e r- to  perform  some w ork task. Figure 1-1 em phasizes the study 's user 

perspective by depicting  the individual engineer an d  the com m unication activities th a t m ay be 

associa ted  w ith  a  particu la r w ork  task, w ith  the entire situation  em bedded  in a com plex 

m atrix  of social, behavioral, technical, and  situational constrain ts. F igure 3-2, on  the o ther 

h an d , d e p a r ts  from  the m icrocosm  of the  ind iv idual eng ineer's w orld  in  o rd e r  to  take a 

m acrocosm ic look at engineering com m unication activities. The colum ns represen t the m ajor 

types of resources (either a person  o r som e non-hum an resource) th a t an eng ineer m igh t 

com m unicate w ith in the course of perform ing his or her work. The row s represent the possible 

m odes (either th rough  an  electronic o r som e non-electronic link) of accessing th a t resource.

O ne goal of the study  is to describe the activities th a t take p lace w ith in  the cells in  

F igure 3-2. Cells 1 and 2 represent situations in  w hich engineers are linked th rough electronic 

netw orks to o the r people (Cell 1) and engineering resources (Cell 2). Exam ples of Cell 1 

activities include sending  an electronic text file to a colleague or using  an  electronic bulletin 

board . Cell 2 activities w ould include the use of an  electronic netw ork  to  access C A D /C A M  

softw are o r online business data. Cells 3 and  4 represent situations in  w hich engineers access 

o th e r peop le  (Cell 3) and  resources (Cell 4) w ithout the u se  of electronic netw orks. Cell 3 

activities include such things as telephoning a vendor or d istribu ting  a hardcopy m em o to all 

project team  m em bers. Activities in Cell 4 w ould include such things as going to the library to 

b ro w se  tra d e  journals o r u sin g  w ord  processing  softw are on o n e 's  d esk to p  com puter.

The arrow s in  the d iag ram  indicate tha t the second m ajor goal of th is research is to 

explore m ovem ent from Cells 3 and  4 to, respectively, Cells 1 and 2. The study  seeks, in other 

w ords, to identify  factors associated w ith the aerospace engineering w ork  environm ent tha t 

m ay facilitate or h inder the m ove to electronic com m unication and  to  explore the im pacts on 

eng ineering  w ork  and com m unication  that m ay accom pany the transition  to netw ork  use. 

D iagonal links—e.g., the m ove from non-netw orked com m unication w ith a person to netw orked 

com m unication w ith som e non-hum an resource—describe processes that, while in som e cases are
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conceptually  possible, are  not a  specific focus o f this study. Sim ilarly, a lthough  it is not a 

m ajor focus of th is research, study  results can suggest lateral m ovem ent betw een Cells 1 and 2 

th a t m ay  be of theoretical o r practical interest. For exam ple, how  does an  engineer decide 

w hether to  acquire needed inform ation from a netw orked colleague as opposed to a netw orked 

database o r  docum ent?

In sum m ary, th is research involves a num ber of key variable groups. N etw ork use is 

operationalized in term s of reported  frequency or intensity of use, and includes various netw ork 

types and  applications. Engineering work tasks and com m unication activities are identified 

th rough  aerospace engineers' reports of their work, which engineering resources they used, and 

w hat w ork-related purposes the resources are used for. Factors considered as  being potentially 

asso c ia ted  w ith  n e tw o rk  use inc lude in d iv id u a l, s itu a tio n a l, job, an d  o rg an iza tio n a l 

characteristics. N etw ork  im pacts are operationalized in  term s of deg ree  of netw ork  use, 

perceived value of netw orks, perceived effects, and  self-reported behaviors related to im pact.

U nderstand ing  relationships am ong netw ork use, w ork, and  com m unication w ill be 

useful to  those people and organizations trying to estim ate the  potential im pact o f electronic 

netw orks on  aerospace engineers, on their organizations, and  on national p roductiv ity  and 

com petitiveness in the aerospace industry. Further, the results should  be suggestive of the 

po ten tia l im pact o f netw orks o n  other kinds of work, based on the  degree  to w hich they 

resem ble aerospace eng ineering  w ork. It is the aim  of th is research  to  iden tify  w ork 

characteristics and  needs that underlie the use of networks. This type of user-based research on 

inform ation and com m unication technology is im portant because it not only evaluates the status 

quo, it po in ts to netw orking system  features, im plem entation strategies, and  use policies that 

could im prove the effectiveness of the next generation of netw orked system s. For exam ple, 

som e researchers (e.g., H esse & G rantham , 1991, draft; M urotake, 1990) suggest tha t, as 

n e tw orks and  com pu ters  becom e virtually  ub iqu itous, the em ergence o f the netw orked  

organization  will m ake it possible for workers to "telecommute," i.e., to  do  all their w ork from
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hom e w ith the aid of a com puter and a m odem . But is all w ork am enable to  com puterization  

and  telecom m uting? If netw orked  virtual realities (i.e., shared  access to  v isualization  and  

sim ulation  app lica tions) can  be used to  com puterize eng ineering  w ork  too ls and  share 

engineering products that u p  to now  have existed only in physical formats, could engineers work 

effectively from  their homes? O r w ould o ther underlying w ork and  com m unication needs and 

factors m ilitate aga inst the success of such endeavors? W hat system  capabilities and  policies 

w ould  facilitate such an  endeavor? This exam ple illustrates the po ten tia l th a t user-based 

research has for inform ing the design and developm ent of new  inform ation and  com m unication 

system s and  the policies that m ust govern their use.

3.2.4. Research D esign  and  Sam ple Selection

The previous section discussed the type of data collected in the study . The purpose of 

th is section is to describe from  w hom  these data  w ere collected, and  w hy. T he choice of 

research  design  and  sam ple for th is investigation has its roo ts in the s tu d y 's  p u rp o se  and  

research  questions. The research  is exploratory  and  descrip tive . It seeks to  investigate 

re la tionsh ips betw een netw ork  use and  aerospace engineering w ork  an d  com m unication  as 

b roadly  as possible, and  on a national level. Aerospace engineering w ork is a highly diverse 

activity in  term s of the range of em ployers, products, jobs, and w ork  activities it encom passes 

(A erospace In d u stries  A ssociation, 1991; K em per, 1990). Key d im en sio n s  of aerospace 

en g in ee rin g  w o rk  in c lu d e  job type (e.g., eng ineer, sc ien tis t, m a n ag e r, techn ic ian), 

o rgan izational u n it (e.g., research, developm ent, engineering, m anufactu ring , m arketing), 

p rim ary  w ork  activity  (e.g., m anagem ent, design, testing), and  principal aerospace subfield 

(e.g., electronic system s, p ropulsion , structures, aerodynam ics). This s tu d y  collected da ta  

w hich explore and  describe variations in netw ork use and im pacts that m ay be associated w ith 

these key dim ensions of aerospace engineering work, as well as w ith situational and individual 

factors.
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The chief aim  of the s tudy 's  research design, therefore, is to iden tify  an d  gather data  

from  in d iv id u als  w ho are as  d iverse  as possible in  term s of the n a tu re  of the  aerospace 

eng ineering  w ork  they perform . It is assum ed tha t ind iv iduals w ho rep rese n t th is  w ork  

d iversity  will also vary  along  o ther dim ensions of in terest in  the s tu d y , such as  deg ree  of 

com puter experience and  level o f netw ork use. The research design  of the s tu d y  involves 

securing the participation of people in aerospace engineering w ho w ork a t d ifferen t k inds of jobs 

in  d ifferent k inds of organizations in  the private sector, academ ia, and  Federal laboratories. 

This design allow s post hoc com parisons of differences in netw ork uses an d  perceived im pacts 

that m ay occur am ong various data groupings, such as  by  subdiscipline, job type, geographic 

location , ty p e  of in s titu tio n , level of in stitu tio n a l su p p o rt, deg ree  o f ex perience  w ith  

inform ation technologies, an d  engineering task.

The reason  for secu ring  the participation  of subjects from  d iffe ren t sectors, w ith  

different job types, w orking in  different subdisciplines, and  w ith  different levels of netw orking 

experience is that these g roups are expected to evince different com m unication an d  inform ation- 

seeking patterns, perform  different k inds of w ork tasks, and  operate w ith in  d ifferen t cultural 

environm ents and  rew ard  structures. The point of the s tudy  is to investigate how  electronic 

n e tw o rk in g  is being  in co rpo ra ted  in to  these d iffe ren t en v iro n m en ts , an d  to  look  for 

com m onalities and  differences that m ay help  explain  variations in n e tw ork  use. N ational 

netw orking  in itiatives are  in tended  for use by engineers in  all of these g roups; therefore, 

u nderstand ing  the netw ork behavior of and im pacts upon  these g roups will con tribu te to the 

successful d ev e lopm en t a n d  m anagem ent of national netw orks. A chiev ing  substan tia l 

variation  w ithin the chosen sam ple will im prove the applicability of the resu lts  in  that, for 

exam ple, percep tions of im pact described by m anagers in th is s tudy  m ay be app licab le to 

m anagers in o ther fields as well.

O ne key m ethodological concern is to find a sam ple fram e that is represen tative of the 

population  of interest. The sam ple frame is all of the people w ho have a chance to be included
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in  the  s tudy  sam ple, i.e., it is  the group from  which the sam ple is selected. A nother concern is 

to  collect da ta  from  a sam ple th a t is large enough to guarantee tha t the size of sam pling erro r is 

acceptable for the  pu rposes of the study, even for the sm allest d a ta  g roup  th a t is eventually  

analyzed. If these tw o issues are resolved, it is m uch m ore likely th a t observed effects will be 

"real" and  th a t they  will be generalizable to the population  of in terest (Fowler, 1984).

The first task  in  th is s tudy  w as to  find a  sam ple fram e th a t is rep resen ta tive  of the 

popu la tion  of aerospace engineers. U nfortunately, there is no descrip tion  of the popula tion  of 

aerospace eng ineers that characterizes the population  along all the d im ensions of in terest in 

th is s tu d y  (Pinelli, 1991b), so representativeness can no t be guaran teed . The N ational Science 

Foundation, how ever, collects and  reports em ploym ent data from aerospace engineers related to 

a num ber of characteristics of interest in th is study, such as em ploym ent sector, p rim ary  job 

responsib ility , a n d  educational level (see, e.g., NSF, 1987). T hese d a ta  o n  the  national 

p o p u la tio n  of aerospace scientists and engineers p rov ide one yardstick  aga in st w hich any  

chosen sam ple fram e can be com pared.

Typical sam p le  fram e options for stud ies of eng ineers in c lu d e  se ts of re lev an t 

professional society m em bers, em ployees of relevant organizations, and  subscribers to relevant 

publications (Shuchm an, 1981). Identifying and contacting a set of aerospace engineers through 

selected em ployers seemed the least efficient option. It also seem ed tha t it w ould  be very 

d ifficu lt to get varie ty  along a range of w ork  d im ensions and  identify  a sam ple  tha t w as 

d iverse enough  to be representative of the general population, if responden ts w ere associated 

w ith on ly  certain em ploying organizations.

There are tw o professional societies for aerospace engineers. The Am erican Institute of 

A eronautics an d  A stronautics (AIAA) is research-oriented; its m em bersh ip  includes m ore 

people ho lding doctoral degrees, more people em ployed in academ ia, and m ore people engaged 

in  R&D than  does the popu lation  represented by the NSF em ploym ent statistics. Thus, the 

AIAA sam ple fram e w as judged not typical of the general population  of aerospace engineers.
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The Society of A utom otive Engineers, or SAE (its nam e has not changed to reflect the fact that 

it has for m any y ears  been devoted to both aerospace and autom otive industries), is geared m ore 

tow ard  th e  practicing engineer; its m em bership m ore closely follows the statistical breakdow n 

of the NSF aerospace em ploym ent data. A potential problem  with using professional societies 

as sam ple  fram es, how ever, is the fact that their m em bers are self-selected in  a m anner that 

m ay confound s tu d y  results. The prim ary motivation for joining a professional society is likely 

to b e  a concern for professional advancem ent and a strong desire to interact w ith colleagues.

Each of the  tw o professional aerospace societies publishes a weekly trade m agazine. 

S ubscribers to su ch  pub lications a re  also self-selected, b u t the p rim ary  m otivation  for 

subscrib ing to a trad e  m agazine is the desire to  keep inform ed, generally, about a particular 

industry . Thus, it w as decided tha t the subscriber databases p rovided  a m ore general and 

d iverse sam ple fram e than society m em berships; the SAE publication, Aerospace Engineering 

w as chosen over the AIAA publication because it seemed that SAE m agazine subscribers would 

be m ore rep resen ta tiv e  of the popu lation  of aerospace eng ineers than  AIAA m agazine 

subscribers, for the reasons noted above. Subscribers to Aerospace Engineering are  no t required 

to be SAE m em bers. Interestingly, the AIAA becam e aw are  of th is s tudy  and  requested  

perm ission  to d is trib u te  the m ail survey questionnaire to its m em bership. Perm ission was 

g ran ted  and  if, in  fact, the AIAA im plem ents the survey, those results could be analyzed, at 

som e la ter p o in t in  tim e, to investigate netw ork use am ong aerospace engineers w ho are 

p rim arily  engaged in  R&D and to com pare use in  the two, som ew hat different, aerospace 

communities.

Using the SAE subscriber database as the study 's sam ple fram e introduces the threat of 

selection bias, defined  by Freeman, Pisani, and Purves (1980, p . 303) as  a "system atic tendency 

on the p a r t of the sam pling procedure to exclude one kind of person or another from the sample." 

People excluded from  the study 's  sam ple due to the selection of the subscriber database as the 

sam ple  fram e a re  those people w ho choose no t to subscribe to Aerospace Engineering.
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N onsubscribers m igh t include ind iv iduals w ho cannot afford to  join the SAE o r purchase  a 

journal subscription, are less interested in keeping u p  to date  w ith  developm ents in  the  field, 

are too busy  to read  trad e  journals, have a copy of the journal available in  their w orkplace 

th rough  an  institu tional subscription, o r are prohibited by their em ployers from  allow ing any 

iden tify ing  in form ation  abou t them selves and  the ir w ork to be collected by an  external 

o rgan ization  (in cases w here  the  u tm ost secrecy abou t their w ork  m u st b e  m ain ta ined). 

Potential bias due  to the exclusion of such people from the sam ple fram e should be kep t in  m ind 

w hen in terp re ting  study  results. For example, ind ividuals w ho lack resources to purchase  a 

journal subscription m ay also lack the resources required to gain access to netw orks, so extent of 

netw ork use could be overestim ated in study results. On the o ther hand , resu lts related  to the 

d eg ree  o f security  concerns aerospace engineers express ab o u t n e tw o rk  u se  m ig h t be 

underestim ated, d u e  to the exclusion from the sam ple frame of those ind iv iduals m ost likely to 

be involved in  classified o r highly proprietary work.

After choosing a sam ple frame, the next im portant issues are deciding how  m any people 

to include in a study 's  sam ple and  how  to select them . The sam ple m ust be large enough  to 

guaran tee that the size of sam pling error is acceptable for the pu rposes of the study , and  the 

selection m ust also be designed to provide valid and reliable results. This research is com prised 

of a num ber of data collection activities, requiring different size sam ple sizes an d  sam pling 

techniques.

The s tu d y  requ ired  th ree random  sam ples to be d raw n  from  the SAE subscriber 

database , d u e  to the length  of tim e tha t elapsed betw een its p re lim inary  da ta  collection 

activities and  the final mail survey. The first sam ple, d raw n in S pring 1991, w as used for the 

s tu d y 's  telephone survey and prim ary site visits/in terview s, w hich w ere conducted in Spring 

and Sum m er 1991. The second sam ple was draw n in June 1992 and w as used to  pretest the mail 

survey in O ctober 1992. As a result of discovering a significant num ber of p re test subject
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addresses tha t w ere no longer current, a final sam ple w as d raw n  in December 1992 for the mail 

survey tha t w as adm inistered  in  February 1993.

For the s tu d y 's  te lephone survey and prim ary  interview s, a random  sam ple of 1,200 

ind iv iduals w as d raw n  from  the database that contains records for all people subscrib ing to 

SAE’s w eekly trad e  jou rnal Aerospace Engineering. The d a tab ase  con tain ing  the  65,000 

subscribers’ nam es, addresses, telephone numbers, employers' nam es, and  job types is m aintained 

by  the  SAE. The database  categorizes ind iv iduals according to  w hether they rep resen t an 

aerospace in d u stry  (aircraft, m issile, spacecraft, p ropu lsion  system , etc.), m anufactu ring , 

governm ent, air transportation , suppliers, or services (including consultants, R&D services, and 

education). It also classifies subscribers according to  their self-identified job classification 

(corporate m anagem ent, engineering managem ent, engineers and designers, R&D, m anufacturing 

and  production , purchasing  and  m arketing, and  "other"). Because of this s tu d y 's  in te rest in 

inform ing national netw ork ing  policy developm ent, only engineers em ployed in  the  U nited 

States w ere included  in the sam ple. The database includes practicing aerospace engineers 

w orking on a w ide range of aerospace products, in  a w ide variety of organizations and  subfields, 

and w ith a variety of professional duties. Results from the telephone survey conducted as p art 

o f the study  indicate tha t the SAE sam ple possesses characteristics in the sam e p roportions as 

those reported  in the NSF da ta  (see Section 3.3.3.3 below).

A random  subset of 695 subjects was draw n from the original SAE sam ple as potential 

participan ts for the study 's  te lephone survey. A bout tw enty  ind iv iduals w ho represen ted  a 

varie ty  of job ty p es and  w orked in  organizations in  the no rtheastern  U nited S tates w ere 

in itia lly  se lec ted  (a p u rp o s iv e  sam ple) for p o ten tia l p a r tic ip a tio n  in  th e  p r im a ry  

s ite /in te rv ie w s visits.

Since the study 's research questions will be answ ered prim arily  by resu lts obtained in 

the m ail survey, it is the n a tu re  and size of the mail survey sam ple th a t is m ost critical. A 

second sam ple w as d raw n from the SAE subscriber database in June 1992 in order to obtain a m ore
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cu rren t set of responden t addresses for the m ail survey. In th is sam ple, in d iv id u a ls  w ere 

d isp ro p o rtio n a te ly  d raw n  from  the SAE database  categories. D isp ropo rtionate  stratified  

sam ples are recom m ended w hen, as  in this study, reports about certain subgroups are im portan t 

and , further, the s tu d y  does no t p rim arily  aim  to m ake estim ates abou t the total popu lation  

represented  by the sam ple frame. This study, in  other w ords, aim s to com pare d ifferent types of 

aerospace eng ineers on variables associated w ith netw ork  use. Its p rim ary  aim  is no t to 

estim ate netw ork u se  for subscribers to Aerospace Engineering. As noted  by Sudm an (1976, p. 

I l l ) :  "For com parison of subgroups, the optim um  sam ple is one w here the sam ple sizes of the 

subgroups are equal, since this m inim izes the standard error of the difference."

The stratified  sam ple for the national mail survey w as ob ta ined  by first elim inating  

certain  SAE database  categories w hose m em bers w ould n o t be app ro p ria te  for the  research 

because they are  n o t U.S. aerospace engineers. These categories w ere "Air T ransportation" 

(w hich includes a ir traffic controllers, pilots, etc.); "Foreign G overnm ent" em ployees; "O ther 

Titled Personnel" (w hich includes librarians, m any retirees, etc.) except for those in  consulting 

an d  R&D  "Services" o r "Education"; and  "O thers Allied to  the Field." An approx im ate ly  

equal num ber of subjects w as random ly draw n from each of the rem aining categories in  o rder to 

ob tain  a substantial num ber of subjects representing d ifferent types of aerospace engineering 

work.

This s tu d y  w as particu larly  in terested  in exploring p rivate  sector n e tw o rk  use by 

m ain line  engineers. Less research  has been conducted  in th is arena, w hich is of critical 

im portance in cu rren t national policy discussions of industrial com petitiveness. N onetheless, 

the sam ple w as w eighted to increase the percentage of governm ent and  academ ic respondents. 

These g roups m ade u p  only abou t 13.6% and  5.2%, respectively, of the  SAE database; if their 

rep resen ta tio n  in  th e  sam ple w ere not increased, it w ould  have been  d ifficu lt to m ake 

m ean ingfu l com parisons across the th ree p rim ary  sectors of in d u stry , governm en t, and  

academ ia. The final sample, d raw n  in December 1992, was stratified in the sam e m anner as the

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Table 3-2. SAE Sample Strata Used in the Mail Survey

Category in SAE Subscriber Database Approximate Number of Records Drawn
from that Cateaorv

Corporate management 600

Research and development 600

Engineering management 600

Engineers and designers 600

Manufacturing and production 600

Other title personnel 300

Purchasing and marketing 500

sam ple d raw n  in June. It included 3,750 individuals, div ided as show n in Table 3-2, w ith about 

10% from  academ ia and  not-for-profit firms, 30% from governm ent, and 60% from industry.

It was d ifficult to m aintain  absolute control over the d istribu tion  of the final sam ple. 

The sam ple was d raw n  by SAE staff according to  instructions provided  by the researcher. The 

re su ltin g  set of records d id  n o t identify  categories, b u t exam ination  of the  sam ple records 

su g g e s te d  th a t in s tru c tio n s  had  been  fo llow ed . SAE staff, h o w ev er, n o te d  afte r 

d raw in g  the Decem ber sam ple th a t it was difficult to obtain the exact d istribution  represented 

in the June sam ple, because the distribution across categories had changed since the earlier 

sam ple w as d raw n . O ne specific failure no ted  w as tha t all retirees w ere ap p a ren tly  not 

w eeded  from  the  sam ple; a sm all percen tage of su rvey  resp o n d en ts  (1.8%) classified 

them selves as "retired." These respondents w ere retained in the stu d y 's  analysis: a perusal of
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their questionnaires show ed that they either answ ered questions according to  the ir last job, or 

left segm ents of the questionnaire blank.

The m ain  requ irem en t for this study  w as to identify  a sam ple fram e that included 

people perform ing  a w ide variety  of tasks w ithin the aerospace engineering com m unity  w ith 

significant rep resen tation  across sectors. This requirem ent w as adequately  m et by  the SAE 

subscriber database. The actual categories used in the database w ere helpfu l in  ensu ring  a 

range of job types, bu t the categories themselves are o f only m inor significance, since they d o  not 

form  the exact basis of any of the study 's planned analyses.

O ne final ad justm ent w as m ade to the mail survey sam ple in  tha t 2000 records w ere 

random ly selected from  the original 3750 supplied by  SAE as being the m axim um  sam ple size 

tha t study  resources could support. If the response rate w ere 50%, the final num ber of mail 

survey responden ts w ould be about 1000. According to Fowler's calculations of sam pling error 

(1984, p . 42), th is m eans that, for the sam ple as a whole, chances a re  95 in 100 th a t the real 

population  figure lies in  a range no greater than p lus or m inus three un its  for any  characteristic 

identified in  the study. For exam ple, if survey results indicate that 50% of the respondents use 

electronic netw orks to transfer text files, chances are 95 in  100 tha t the actual percent of the 

sam ple fram e that perform s text file transfers is betw een 47% to 53%. G iven the exploratory 

and descriptive nature of the study, that m argin of error is acceptable.

A nother im portan t consideration in accepting 2000 as a final sam ple size w as w hether 

or not the num ber of responses in all sub-gToups that would eventually  be analyzed w ould  be 

adequate  for the analysis. This im plies a certain  am ount of guessw ork  on the p a r t of the 

researcher. The p lan  for analyzing survey results in  this s tudy  calls for g roup ing  data  in a 

variety of w ays and it w as im possible to predict the exact size of m ost of the d a ta  g roup ings 

that w ould  result. Recent surveys of m em bers o f SAE and AIAA found th a t a significant 

proportion  of those surveyed w ere currently using electronic netw orks (Pinelli, 1991b; Society of 

A utom otive Engineers, 1990). And results obtained in the SAE telephone survey  that served as
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a prelim inary  d a ta  collection activity for this study  suggested that abou t 20% of responden ts 

w ould n o t use netw orks at all. N onusers form one of the most im portant sub-groups in  this study, 

one tha t w ould  in  all likelihood be used to form  further sub-groups. It w as estim ated  that 

beginning w ith  200 nonusers (assum ing, again, that the final num ber of usable re tu rns w ould be 

abou t 1000) w ould m ake it possible to achieve adequately-sized g roups for com paring netw ork 

users to nonusers along various dimensions of interest, such as prim ary job function.

3.2.5. Choice of Study Methods

After decid ing  w hich data to collect and from w hom , the next task facing a researcher 

is to select app rop ria te  m ethods for gathering data. A variety of m ethods have been em ployed 

in p as t research on  netw ork  use (see, e.g., Williams, Rice, & Rogers, 1988) an d  som e general 

concerns and  issues have also been expressed (see, e.g., Rice, 1989). A num ber of researchers 

h a v e  n o te d  th e  n eed  for q u a lita tiv e  ap p ro ach es in  s tu d y in g  n ew  in fo rm a tio n  and  

com m unication  technologies. Following Kirk and  M iller (1986), qualita tive research  is used 

here to m ean research tha t aim s to investigate the n a tu re -a s  opposed to sim ply the am ount--of 

phenom ena of interest, usually by interacting w ith people "in their ow n language, on  their ow n 

term s" (p. 1).

Q u alita tiv e  app roaches are an im portan t aspect of ne tw ork ing  research  because 

netw orking  is new , because netw ork com m unication is a com plex hum an  phenom enon, and 

because ne tw ork ing  takes place w ithin a social environm ent. W illiam s et al. (1988) argue 

th a t :

Because research  on the new  m edia is a t an  early  s tage  in its 
developm ent, scholars studying  it p robably  need to consider use of 
m u ltip le  m ethods, in c lu d in g  m ore q u a lita tiv e  an d  tr ia n g u la tio n  
m e th o d s  of d a ta -g a th e rin g  an d  an a ly sis , and  the  in te rp re tiv e  
approaches to research. To date, how ever, m ost research on  the new  
m edia has used only  quantitative research m ethods and  has been cast 
in  a positivistic approach (p. 50).

122

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

T rian g u la tio n , o r  th e  u se  of m u ltip le  m ethods to  exp lo re phenom ena , h a v e  a lso  been  

recom m ended in studying  netw orks by Lievrouw et al. (1987) and McClure e t al. (1991).

This s tu d y  focuses on describing and  exploring netw ork  use from  the p o in t o f view  of 

ind iv iduals engaged  in  aerospace engineering work. It aim s a t generalizability in  th a t it seeks 

to arrive  a t conclusions ab o u t the behavior and perceptions of people w ho are  engaged in  a 

particu lar k ind  of w ork. To the extent tha t all engineers or all m anagers, for exam ple, possess 

sim ilar inform ation needs and  perform  sim ilar work, results of this study  m ay be applicable to 

engineers o r m anagers in  fields o ther than  aerospace. Further, the study  is in ten d ed  to yield 

resu lts th a t can  be used  by aerospace engineering organizations o r by  policym akers attem pting  

to p red ic t national im pacts of netw orking. Given the study 's  goals and  its u se r  perspective, 

in terv iew  an d  survey  m ethods w ere deem ed m ore app rop ria te  than o ther m ore  quan tita tive  

m ethods that have been em ployed in netw orking research.

Interview s and  surveys are recom m ended as a m eans of p rov id ing  m eaningful insights 

(especially w hen  the goal o f the research is "discovery" as  opposed  to "verification") in to  the 

use and  im pact of em erging com m unication technologies (Attewell & Rule, 1990; G alegher & 

K raut, 1990; Johnston, 1989). Q ualitative interview s are  im portan t for exploring the  range of 

ind iv iduals ' percep tions an d  experiences, w hile surveys can then test the extent to w hich these 

perceptions a n d  experiences exist in the larger population.

O th er op tio n s for study ing  electronic netw ork  use inc lude netw ork  analysis, lab 

experim ents, netw ork  transaction log analysis, and case studies. N etw ork analysis stud ies seek 

to describe the structure of social netw orks through m athem atical m odelling (see W igand, 1988, 

for an  overview  of th is line of research). Social netw ork analysis techniques typically  ignore 

bo th  the con ten t or m eaning  of m essages transm itted and the im pact of com m unication  on 

ind iv idual netw ork  "nodes." Case studies and e thnography m ay p rov ide g rea ter detail than  

d a ta  o b ta in ed  in  su rv ey s and  in terview s, bu t resu lts  a re  often  no t generalizab le . Lab 

experim ents have also been used to study  netw orking use and im pacts. Experim ents are m ost
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usefu l w hen  testing  specific hypo theses, w ell-founded  in  ex isting  theo ry , an d  a re  n o t 

ap p ro p ria te  w hen the aim  is  to explore the entire w ork environm ent in  a naturalistic m anner. 

The constructs and  rela tionsh ips of in terest in  this s tudy  are  not w ell-established enough in 

theory to be tested in  this w ay. After extensive review s of research related to inform ation and 

com m unication technologies, C ulnan  and M arkus (1987) an d  Steinfield (1986b) bo th  rem ark  on 

the serious lack of cross-organizational studies involving any  qualitative com ponent.

According to  Eveland and  Bikson (1987, p. 103), "The degree to w hich these [electronic 

com m unication] capacities are used ... depends on  understanding how such tools are an d  are not 

like o ther m ore fam iliar tools." In order to gain  an understanding  of how  aerospace engineers 

perceive and  use electronic com m unication, subjects in  th is s tudy  w ere asked to characterize 

bo th  electronic and traditional m odes of com m unication. Such characterizations m ay be useful 

in suggesting  im pact, factors tha t affect use, and reasons w hy engineers use electronic netw orks 

in  som e situations and non-electronic means of communication in others.

A key fea tu re  of p re lim inary  d a ta  collection in  th is s tu d y  is th e  an a ly sis  of 

com m unication incidents an d  m essages in  o rder to better understand  the situational context of 

the rela tionsh ip  betw een  w ork  tasks, com m unication activities, and  netw ork  use. V arious 

app roaches for ana lyz ing  m essages have been  used  in  the  field o f lingu istics kn o w n  as 

pragm atics (See, e.g., K edzierski, 1982; M alone e t al., 1987; Stohl & R edding, 1987; and  

W inograd, 1988). The presen t s tudy  relies on  the reports of m essage senders and  receivers to 

arrive  at a full in terpretation  of m essage function, purpose, and utility. O ther stud ies  have 

relied exclusively on the online logging and analysis of all com puter m essages. In these studies, 

the analysis of m essages is perform ed by the investigator (see Rice, 1992). Thus, th e  analysis 

accounts only for the explicit content of m essages (i.e., w hat w as w ritten, no t w hat w as m eant) 

an d  provides no context for interpreting results. Further, the autom atic logging o f m essages is 

not appropriate  w hen, as in this study, non-com puter messages are also of interest.
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As noted  earlier in  th is chapter, it is  im portan t to rem em ber tha t the d a ta  collection 

activities p u rsu ed  in th is s tudy  w ere cum ulative. In other w ords, in sigh ts gained  in  each 

activity w ere used to select specific m ethods and to refine instrum ents used  in  subsequent data  

gathering  stages. The chief aim  of the site v isits/in terv iew s w as discovery. The in terv iew s 

are  used prim arily  to explore the range of attitudes and experiences associated w ith  particu lar 

phenom ena u n d e r investigation , e.g., W hat is the range of functions of com pu ter-based  

m essages-from  the sublim e to the rid icu lous-as  perceived by aerospace engineers? W hat is 

the range of netw ork applications used by engineers? The m ail survey, on  the o th e r hand, 

verifies the extent of the activities, behaviors, experiences, and  percep tions iden tified  and  

explored in the interview s. In o ther w ords, the survey increases the b read th  of the s tudy  by 

provid ing  answ ers to such questions as: W hat percentage of aerospace engineers rep o rt using 

each netw ork  application? W hat percentage of aerospace eng ineers cite various netw ork  

im pacts? The prim ary  site v is its /in te rv iew s and  the te lephone survey  also  offer a  useful 

m eans o f triangulating study findings; although the study 's research questions a re  prim arily  

answ ered by  the final m ail survey results, these resu lts can be com pared to the prelim inary  

findings. Mail survey results can also be m ore effectively interpreted  by reference to the m ore 

open-ended and in-depth data gathered in the interviews.

3.2.6. Reliability and Validity

Study data  are reliable if the sam e question responses w ould have been obtained, no 

m atter how  m any tim es the questions w ere asked. Study data are valid if they really m easure 

w hat the researcher th inks they m easure. This section iden tifies tech n iq u es usefu l in 

im prov ing  the  reliability  and  valid ity  of data  an d  describes how  such  techn iques w ere 

im plem ented in this research.

Because the s tu d y 's  research  questions will be answ ered  p rim arily  th ro u g h  the 

tabulation  and  in terp re tation  of results of the national m ail survey, reliability  and  valid ity
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issues associated w ith the survey deserve special attention. According to Babbie (1990, p. 133), 

the w ay to ob tain  reliable survey resu lts is to "ask people only questions they are  likely to 

know  the answ ers to, ask abou t th ings relevant to them, and  be clear in w h a t y ou 're  asking." 

These recom m endations m irror the tenets of user-based research and are the  p rim ary  rationale 

for the cum ula tive  d a ta  collection activities described above. T his s tu d y  asks aerospace 

engineers abou t their ow n everyday w ork and com m unication activities an d  ab o u t their ow n 

perceptions. Mail survey questions w ere w orded and form atted  to em phasize  th a t answ ers 

should reflect the respondents' ow n personal views and experiences. A num ber of questions were 

asked for responses related  to som e particular, recent event, thus reduc ing  the po ten tia l for 

m em ory error. The prelim inary da ta  collection activities (site v isits/in te rv iew s an d  telephone 

survey) w ere conducted in order to help  ensure that the mail survey w ould be relevant and  clear 

to those receiving it. Participants in  these early activities w ere asked how  they in terpreted  

questions and  w hat could be done to im prove the clarity and interest of the questions.

In addition , the mail survey w as pretested by three different categories of respondents: 

(1) researchers w ith  expertise in  CM C and  survey design , (2) subjects from  th is  s tu d y ’s 

prelim inary  data  collection activities, and  (3) respondents d raw n  random ly  from  the study 's 

sam ple. Survey pretesting  w ith the first tw o groups included a "debriefing" com ponent, in 

w hich subjects w ere asked to d iscuss their in terpretation  o f and  reactions to  ind iv idual 

questions. This also allowed questions perceived as am biguous, threatening, boring, difficult, or 

biasing to be re-phrased.

A specific technique recom m ended by Whitney and Brandenburg (1974) for checking the 

reliab ility  of su rvey  resu lts  is to ask the sam e question  in  tw o d iffe ren t p laces in  the 

questionnaire. Several such reliability checks w ere built into the mail survey (see A ppendix  C 

for a copy of the mail questionnaire). The sam e basic question w as asked in slightly  different 

w ays in  d ifferen t survey questions; if the results are reliable, the responses to those m atched 

questions should correspond to each other. For example, the percent of responden ts answ ering
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th a t they had  no access to local netw orks in the w orkplace (q.5) should  jibe w ith  the percent 

w ho indicated  no netw ork access to people in their w orkgroup in  q.6. In add ition , responses to 

open-ended  questions w ere coded by tw o different people (the researcher and  a  coder w ho had 

no p rev ious involvem ent w ith  this study) in o rder to  assess the reliability o f analysis of these 

results. The outcom es of these reliability checks will be presented in  C hapter 4.

The p rob lem  of valid ity  is m ore difficult. This study  em ployed  th ree  techniques 

recom m ended by Babbie (1990) to im prove validity. The proposed w ording of survey questions 

w as com pared  to the w ording of questions prepared by recognized experts. In th is case, those 

experts are  researchers (some of w hom  are engineers themselves) w ho have p roduced  in-depth  

s tu d ies  of th e  w ork  an d  com m unication  of eng ineers (e.g., A llen, 1977; K aufm an, 1983; 

M urotake, 1990; Rosenbloom  & Wolek, 1970; Shuchm an, 1981) o r  scientific an d  engineering 

organizations w ho have surveyed m em bers of these professions.

Second, su rvey  questions w ere developed as the result o f in tensive in teraction  w ith 

en g in ee rs  d u r in g  th e  ea r lie r  d a ta  collection  activ ities. T h is in te rac tio n  a llow ed  the 

developm ent o f constructs w hich aerospace engineers them selves assessed a s  "valid ." For 

exam ple, q u es tio n n a ire  item s rep resen ting  aerospace w ork tasks and  n e tw o rk in g  im pacts 

d irectly  reflect the earlier study  subjects' characterizations of these constructs. A nd th ird , the 

m ail survey  p retest allow ed for the subjective evaluation of the face validity of responses.

O ther valid ity  checks are recom m ended by W hitney and  B randenburg (1974). First, 

they suggest th a t follow -up interview s be held w ith several subjects to ask for corroboration 

and explanation  of their answ ers. This w as accom plished in the m ail survey p re te s t by  probing 

in  subsequen t interview s to ascertain that responses reflected actual activities and  experiences. 

For example, several respondents w ere asked to elaborate on their precoded response choice to a 

question  ask ing  them  to identify the m ost im portant w ork task they perform ed d u rin g  the  last 

w ork week. This w as done in o rder to verify that their choice reflected a "real" w ork  task and 

th a t the "correct" category for that task had  been selected.
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W hitney and  B randenburg (1974) also suggest tha t data be cross-checked w ith  o ther 

sources. This will be accom plished w ith this s tu d y 's  m ail questionnaire in several w ays. As 

w ith  the  reliability checks described above, specific validity  checks w ere b u ilt in to  the mail 

su rvey  by ask ing  responden ts to repo rt experiences and  opinions on one particu la r topic in 

several different w ays. For exam ple, the construct "extent of netw ork  use" in  the aerospace 

in d u s try  is m easu red  in  the survey  by ask ing  responden ts w hether they ag ree  w ith  the 

s ta tem en t "All the people, tools, resources I need are on  the netw ork," by ask ing  them  to 

characterize the extent of com puter netw orking a t their workplace, and by asking for a report of 

the frequency w ith w hich the ind iv idual responden t uses netw orks. The inclusion of open- 

ended  questions in the survey also offers a m eans of im proving the overall validity  of results, in 

th a t responden ts ' ow n descriptions of, for exam ple, netw orking im pacts, can b e  com pared  to 

precoded responses on the sam e topic. In assessing the validity of mail survey results, selected 

d a ta  w ill also be com pared to external data sources, e.g., the results obtained in  th is s tu d y 's  

prelim inary  activities and in other studies of netw ork use in engineering settings.

A final approach  to im proving validity--establishing rap p o rt w ith  responden ts and 

em ploy ing  o th e r m otivational techniques to  decrease th e  likelihood tha t they  w ill p rov ide 

careless or in ten tionally  false in fo rm a tio n -is  m entioned  frequently  in the litera tu re . The 

te lephone and mail surveys used in this study  w ere developed and  im plem ented w ith special 

atten tion  to the guidelines in  this area offered by Dillman (1978), w hich are inform ed by social 

exchange theory. D illm an notes th a t researchers should offer a variety  o f "rew ards" in 

exchange for participation, that they should:

• Act in an  open, positive, and personal m anner;

• Explain the social value of the study, e.g., how  results m ay be used to  resolve issues by 
describing how  results will be b rought to the attention of som eone w ho has the pow er to 
act on the issues;

• A dvertise study  sponsorship  so that responden ts feel they are  contribu ting  to their 
profession, an  im portant cause, etc.;
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• Express verbal appreciation;

• Em phasize the im portance of respondents' answers, allow ing open-ended questions so 
tha t they express them selves m ore completely;

•  M ake the questionnaire interesting (e.g., p lace general questions first, dem ographic 
questions last);

•  Offer to send respondents a copy of study results;

•  M ake the survey clear, concise, and simple in  language and  format;

• P roduce visually attractive questionnaires;

• Elim inate questions that are too personal or em barrassing; and

• Elim inate any direct costs to respondents, such as postage.

Each of these guidelines w as followed in preparing this study’s mail survey and cover letter.

Specific and practical guidelines for the design and developm ent of questionnaire items 

are  described by Dillman (1978), W hitney and Brandenburg (1974), Fowler (1984), and  the U. S. 

G eneral A ccounting Office (1986). Techniques are described for im proving the reliability and 

validity  of questionnaire item s in a num ber of areas. A variety of question form ats (e.g., open- 

ended , m atrix , m ultip le  choice, ranking, rating, and intensity scale) are described, and  their 

app rop ria teness in d ifferen t situations is explained. The need to avoid questions th a t are 

irre levan t to study  goals or respondents ' activities, too difficult to  answ er, am biguous, or 

th rea ten ing  is em phasized, and  exam ples of "good" and ’b ad "  questions a re  presen ted  and  

exp lained . T echniques to  im prove the clarity  of ques tio n  w o rd in g  a re  o ffered  and  

recom m endations are m ade to minimize bias, memory, and m easurem ent errors. These sources 

w ere used extensively in the design of this study 's national m ail survey, w hich is described 

below  in Section 3.3.5.
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M any of the specific applications of the techniques described in  these sources were used 

in  th is study. Definitions and exam ples of key term s w ere provided. Q uestions w ere revised 

th roughou t the course of the study  to im prove their clarity, reduce "leading" form ulations, use 

te rm s fam iliar to  people in the  aerospace, and  elim inate th rea ten ing  questions. C ritical 

inc iden t techniques (described in m ore detail below) w ere used  to m inim ize m em ory error. 

C ognitive difficulty  w as reduced by asking individuals to report only on their ow n personal 

experiences and  opinions. Finally, open-ended questions allowed respondents the opportun ity  

to elaborate on their responses o r  raise im portant topics not addressed in  other survey questions.

Reliability and validity issues m ust also be addressed in the  collection an d  analysis of 

in terview  data. Q ualitative interview s used in  the study  served a num ber of purposes. They 

w ere used to gain  a general fam iliarity w ith the population of interest; to explore the range of 

aerospace engineers’ perceptions and activities related to  w ork tasks, com m unication activities, 

n etw ork  use, factors associated w ith netw ork use, and  netw ork  im pacts; to generate  u se r­

generated  descriptions of these phenom ena that could be com pared to reports in  the literature; 

to p re test a n u m ber of questions tentatively p lanned  for the national m ail su rvey ; and  to  

p rov ide qualita tive data, i.e., open-ended responses and anecdotal reports, to com plem ent the 

mail survey results.

The natu re  and purpose of research interviewing are discussed in  Babbie (1989), Brenner 

(1985), Kahn and  Cannell (1957), Kerlinger (1986), Kirk and  M iller (1986), P atton  (1990), and  

P ayne (1951). A lthough Babbie (1989) and  Kerlinger (1986) offer som e usefu l advice, the 

m ethods they described were less qualitative and, thus, less app rop ria te  than those discussed 

in, for exam ple, Patton (1990) and  Kirk and  Miller (1986). These au tho rs offer useful techniques 

for im prov ing  the  reliability  and  valid ity  of qualita tive in terv iew s. This s tu d y  used the 

in terview  gu ide approach described by Patton (1990, p. 284), w hich called for the preparation  

of a list of questions and issues to be explored during  the course of the interview  (see Section 

3.3.4.2 for a m ore com plete descrip tion  of the instrum ents and procedures follow ed in this
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stu d y 's  p rim ary  in terview s). The exact sequence and w ord ing  of questions is dec ided  as the 

in terview  progresses, a llow ing for flexibility in suiting questions to  the particu la r experiences 

and  characteristics of specific individuals. As Patton notes, th is ap p ro ach  helps ensu re  that 

in te rv iew s a re  conducted  system atically, b u t also allow s for conversational in te rv iew s tha t 

have a good situational base. Because exactly the sam e questions a re  no t asked in  exactly the 

sam e w ay of each respondent, how ever, interview  results will not be strictly  com parable across 

all subjects.

There is general agreem ent in  these sources abou t the po ten tia l pitfalls to  be avoided, 

as m uch as possible, w hen striv ing to obtain valid results in qualitative in terview ing. M any of 

these a re  sim ilar, of course, to the p itfalls confronted in  questionna ire  design . The basic 

p rinc ip le  o f q u a lita tiv e  in te rv iew ing  is to query  subjects abou t the ir ow n  experiences and  

perceptions, in  a nonjudgm ental m anner, using  their ow n term s and  fram es of reference. These 

sources recom m end th a t the in terview er aim  for neu tra lity  in  question  fo rm at an d  content, 

w hile a t the sam e tim e establish ing a sense of rapport w ith  the person  being in terv iew ed. In 

th is study , in terv iew s began w ith the questions that w ere least th reaten ing  and , perhaps, m ost 

in teresting  to subjects, i.e., those that asked for descriptions of w ork tasks and  com m unication 

activities. The literature also describes techniques for probing, o r asking follow -up questions to 

increase the richness of responses obtained and  make sure that the response is fully understood. 

P atton  d iscusses the  problem  w ith  asking "Why?" questions, w hich assum e ra tionality  and 

cause and  effect rela tionsh ips and can lead respondents to p rov ide "rational" a s  opposed  to 

valid  answ ers. C are w as taken  to avoid th is question form at in  the s tu d y 's  in terv iew ing . 

O ther techn iques w ere also used  to increase the valid ity  of the responses. Subjects w ere 

encouraged d u ring  the interview s to raise topics and issues of particular in terest to them  and  to 

ask for (or offer their ow n) clarification of questions. Perm ission statem ents suggesting  that all 

k inds of responses to interview  questions w ere considered acceptable to the researcher were used 

to encourage respondents to be honest and complete in their answers.
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The lite ra tu re  also discusses the im portance of, and  p resen ted  p ro p er m ethods for, 

record ing  in terv iew  da ta  in  w ritten  form. In this study, responses w ere recorded as  close to 

verbatim  as tim e allow ed, w ith  verbatim  responses enclosed in  quota tion  m arks. Interview er 

reactions to  each se ttin g  and  in terv iew ee w ere  recorded  as  soon  a s  possib le a fte r each 

interview , and  w ere w ritten  either on separate  sheets o f paper, or in a d ifferen t color pen, so 

tha t interview ee responses and  interview er reactions w ould not be confounded at a later point in 

time. A ppropria te  inform al content analysis techniques, as described in these and  o ther sources 

(e.g., W eber, 1990) w ere then applied  to data collected in the stu d y 's  in terv iew s (see Section 

3.3.4.2.3 below  for a description of the specific procedures em ployed in  analyzing th is s tu d y 's  

in te rv iew  data).

32.7. Sum m ary

This section p rovided  an  overview  of the study 's research design  an d  m ethodology. 

The s tu d y 's  research  questions w ere d iscussed , w ith variables of in te res t iden tified  and  

defined . The type of d a ta  to be collected w as described  an d  the  s tu d y 's  em phasis  on  

qualitative d a ta  w as explained. The four m ajor data collection activities pu rsued  in  this study  

w ere ou tlined : initial site v isits/in terv iew s, telephone survey, prim ary  site v isits/in terv iew s, 

and  n a tio n a l m ail su rvey . Im p o rtan t fea tu res o f the s tu d y —its co llection  of cross- 

o rganizational data on  the use of a w ide range of networks, its inclusion of bo th  netw ork users 

and nonusers, and the  cum ulative nature of the data collection activities in o rder to enhance the 

valid ity  and  user-based perspective of results—w ere em phasized. The selection of subscribers 

to the SAE publication  Aerospace Engineering as the study 's  sam ple fram e w as justified and 

p rocedures involved in draw ing  a sam ple w ere explained. Issues related to obtain ing reliable 

and valid resu lts w ere identified and the m anner in which such issues w ere addressed  in the 

study  w as described.
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The next section presents, in  g reater detail, the m ethodology associated w ith  each o f the 

study 's  da ta  collection activities.

3.3 Data Collection Activities 

33.1. Introduction

T his s tu d y  is com prised  of fou r d a ta  collection  ac tiv itie s : (1) in itia l site

visits/in terv iew s, (2) a national telephone survey, (3) prim ary site v isits/in terv iew s, and (4) a 

national m ail survey. The first three activities are considered prelim inary , in  th a t their 

resu lts  w ere u sed  m ainly for m ethodological reasons, i.e., to g a in  fam iliarity  w ith  the 

population of interest, to m ore precisely frame the study’s research questions, to acquire a better 

understand ing  of the natu re of the sam ple frame, and  to im prove the reliability and  valid ity  of 

the final m ail questionnaire through an increased know ledge of how  to design questionnaire 

item s that w ould be com prehensible and of interest to potential respondents.

T his section describes each of the study 's data collection activities in tu rn , deta iling  their 

objectives, procedures, and contribution to the study.

3.3.2. Initial Site Visits/Interviews 

3.3.2.1 Initial Site Visit/Interview Objectives

Prelim inary site visits were conducted in June 1991 a t  several locations em ploying 

aerospace engineers. The objective of these visits w as to become acquainted w ith  the w ork 

environm ent, the w ork and com m unication activities, and the vocabulary of the  aerospace 

engineering  com m unity. The initial site visits allow ed the identification and  prelim inary  

developm ent of user-based descriptions of w ork tasks, netw ork uses, com m unication activities, 

an d  netw ork  im pacts. These descriptions were com pared to descrip tions appearing  in  the 

literature and  in earlier surveys and were used to refine study goals and questions and  develop 

the subsequent telephone survey.
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3.3J..2. Initial Site Visit/Interview Procedures

T he in itial site v isits w ere extrem ely exploratory . They began  w ith  o n e  g roup  

interview  w ith  several aerospace engineering faculty on one university  cam pus, w ho w ere then 

asked to id en tify  o th e r sites in  the local area th a t em ployed aerospace eng ineers an d  to 

participa te, them selves, in  follow -up individual interview s. All po ten tia l partic ipan ts w ere 

telephoned and after the study w as described, they were asked w hether they  w ould  be willing 

to  participate in in terview s that w ould focus on their use of com puter netw orks and the nature 

of the ir w ork  and  com m unication  activities. As a result, in te rv iew s w ere conducted  w ith 

thirteen aerospace engineers w ho represented a variety of aerospace subfields and em ploym ent 

settings. Four w ere em ployed in  a large industrial R&D center; five w orked in  academ ia, but 

also had  experience w orking on Federal or private sector projects; tw o w ere em ployed  by a 

small not-for-profit corporation; and tw o w ere the heads of their ow n sm all consulting  firms. 

M ost o f the  engineers w ere involved in the earlier stages of the engineering lifecycle process, 

i.e., research and developm ent; five noted that m anagem ent w as one of their p rim ary  duties.

T he co n ten t o f the in itial site  v is its /in te rv iew s w as p u rp o se ly  left q u ite  open. 

Interview ees w ere asked about the field of aerospace, in o rder to get a sense of how  aerospace 

eng ineers them selves w ould  categorize subdisciplines and  job types, an d  how  they w ould 

describe the m ajor stages in a m odel of the product developm ent process (which is one w ay of 

describ ing engineering work). D uring the first site visit, a sm all g ro u p  of engineers tried to 

articulate an d  m odel this high-level process. This seemed to be a som ew hat difficult exercise, 

probably  because they w ere forced to agree on  level of description and  term inology. Further, 

they w ere being  asked to describe the entire process, w hen m ost in d iv id u als  had  personal 

experience w ith  only som e of the stages represented  in the m odel. In subsequen t sessions, 

ind iv iduals w ere asked to nam e, m odel, and describe only those w ork stages in  w hich they 

w ere personally  involved.

134

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

To m ove to a m ore specific discussion of work, ind iv iduals w ere also asked to  describe 

the  p a rticu la r  ta sks associa ted  w ith  the  m ajor p ro d u c t d ev e lo p m en t s tages w hich  they 

persona lly  perfo rm ed . This led  to a d iscussion of com m unication  activ ities an d  p a rtn e rs  

associated w ith  particular tasks. Also discussed w as their use of com puter netw orks, in term s of 

bo th  types of netw orks used and reasons for use. Interviewees w ere also asked for their opinions 

ab o u t factors affecting their use of netw orks. N otes w ere taken d u rin g  the  interview s, d u ring  

w hich an  effort w as m ade to capture the exact term s and  phrases used by interview ees. A t the 

conclusion of the  interview s, the notes w ere review ed and  lists w ere com piled of the responses 

rela ted  to constructs o f in terest to the study: aerospace subfields, n a tu re  o f p rim ary  du ties, 

types of netw orks and netw ork applications, netw ork uses, m odes o r  channels of com m unication, 

com m unication partners, and  factors affecting netw ork use.

3.3.2.3. Use of Initial Site Visit/Interview Results

T he in itia l s ite  v is its /in te rv ie w s  w ere dev o ted  p rim a rily  to a d iscu ssio n  of the 

re la tionsh ip  betw een  w ork  activities and  com m unication pattern s. These d iscussions w ere 

useful because they p rov ided  user-based descriptions of w ork and  com m unication  activities. 

T he researcher received first-hand repo rts  of "w hat eng ineers do" th a t co rrobo ra ted  and  

ex tended  descrip tions in  the literature. Those engineers in terview ed noted  a w ide  variety  of 

w ork  tasks, from  searching for funding  opportunities, to proposal w riting, to experim entation, 

analysis, an d  report-w riting . They also spoke of the need to get ideas, solve problem s, locate 

resources, and  negotiate w ith others.

P articipants w ere asked to describe their com m unication activities d u rin g  various w ork 

tasks in  term s of the identity  of com m unication partners, and w hy and  how  they com m unicated 

w ith these partners. This discussion w as not lim ited to the use of netw orks because its purpose 

w as to help  th e  researcher begin to understand  the nature of engineering com m unication  in  its 

en tire ty . A w ide ran g e  of com m unication  p artn e rs  (e.g., co lleagues, p eo p le  in  o ther
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d ep a rtm en ts , vendors, custom ers, s tuden ts, p rog ram m ers, con su ltan ts , clien ts, friends, 

secretaries, foreign visitors), com m unication m odes (e.g., technical literature , te lephone, fax, 

g rapevine, m em os, m eetings, hallw ay chats, "chalk talk," v ideoconferencing, le tters, visits, 

and  sem inars), an d  com puter netw ork uses (e.g., to ship design data , solve technical problem s, 

set u p  m eetings, subm it proposals, search online databases, prov ide client service an d  support, 

conduct casual discussions, and coordinate w ork) w as articulated. These m atched reports in the 

litera tu re , a lth o u g h  they encom passed a w ider range  of phenom ena th an  w h a t typically  

appeared  in  published  reports.

Interview ees also provided interesting anecdotes and raised a num ber of issues related 

to factors th a t affected the use  of electronic netw orks by them selves an d  the ir colleagues. 

Several people no ted the proprie tary  natu re  of their w ork, the negative a ttitudes (or perceived 

negative a ttitudes) o f m anagers, the difficulty of training, and  the fact tha t only certain  w ork 

tasks w ere com puterized . O ther factors m entioned included organ izational inertia , lack of 

aw areness of an d  fam iliarity w ith netw ork tools and resources, the high bandw id th  needed for 

transm itting  the am ount of data  often created in aerospace work, the large capital investm ent 

initially required , and the need for high levels of netw ork security.

The initial site v is its /in te rv iew s provided  d a ta  useful for the developm en t of user- 

based classification schem es for m any of the phenom ena of in terest in th is s tudy , such as w ork 

tasks and activities, netw ork uses, com m unication partners and functions, an d  factors related to 

netw ork  use. A cquiring these data w as the first step  tow ard ensuring  th a t item s on the final 

m ail survey questionnaire  w ould be relevant to, and phrased in  term inology app rop ria te  to, 

aerospace engineers. The initial site v is its /in te rv iew s also served o ther functions. They 

revealed that m ost aerospace engineers discuss their w ork and com m unication openly and w ith 

in terest and seem ed to understand  and appreciate the objectives of this study . This augured  

well for the response rate and  validity of subsequent data  collection activities. Engineers also
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seem ed able to articu la te com m unication activities as a function  of w ork  tasks. In fact, it 

seemed natural for them  to do so.

The initial site v isits/in terv iew s also suggested tha t choosing app ro p ria te  analytical 

fram ew orks for describing engineering w ork w ould be difficult. S tandard  m eans include job 

category (e.g., engineer, m anager), engineering subfield (e.g., aerospace, mechanical, civil), and 

stage of the p roduct developm ent process (e.g., research, developm ent, m ainline engineering, 

m anufacturing and  production, service and m aintenance, sales and m arketing). The literature 

and site visits failed to provide consistent and unam biguous categorizations of engineering work 

and the p roduct developm ent process.

These initial d iscussions also m ade it clear tha t iden tify ing  and  describ ing netw ork 

im pacts in  a w ay that is m eaningful to aerospace engineers, especially g iven the diversity  of 

their w ork environm ents, w ould be problematic. The literature contains a num ber of schema 

related to netw ork im pacts, all valid given particular situations, settings, and  stim uli. These, 

how ever, do  not appear to be entirely  applicable to the w ork  and situations o f aerospace 

engineers. Thus, an  im portant objective of the subsequent telephone survey and  prim ary site 

v isits /in terv iew s w as to advance the developm ent of descriptive schem a related to  the major 

phenom ena of in te rest in the study , including w ork tasks, com m unication  activities, and 

netw ork impacts.

33.3. Telephone Survey

333.1. Telephone Survey Objectives

A national telephone survey of a random ly d raw n subset of the original sam ple of 1,200 

subscribers (created in  April 1991) to the SAE weekly m agazine called Aerospace Engineering 

w as also conducted  as a prelim inary  data collection activity . The te lephone su rvey  w as 

conducted by the C enter for Survey Research (CSR) at Indiana University in o rder to collect 

data for the N A SA /D oD  A erospace K now ledge D iffusion Project, of w hich th is  study
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com prises only one part. The Project undertook the SAE telephone survey in  o rder to  gather 

d a ta  on the daily  w ork  activities of aerospace engineers and  on various practices u sed  by 

aerospace engineers to obtain scientific and technical inform ation. It w as agreed th a t a small 

set of questions asking aerospace engineers abou t their use of electronic netw orks—w hich this 

stu d y 's  researcher designed-cou ld  be added to those questions already p lanned by o ther Project 

staff. Telephone survey questions on the daily w ork activities of engineers tha t w ere designed 

by Project staff, of course, were of interest to this study  as well.

The te lephone survey w as an im portan t p a rt of th is s tudy  because it p ro v id ed  a 

descrip tion  of the characteristics of respondents, so that im plications of using the SAE sam ple 

could be identified and described, and adjustm ents m ade to the sam ple fram e, if necessary. A 

second purpose w as to extend the user-based schema for w ork tasks, com m unication activities, 

and netw ork  uses tha t w ere developed as a result of review ing the literature, exam ining the 

two cursory  surveys of netw ork use am ong m em bers of the AIAA (Pinelli, 1991b) an d  SAE 

(Society of A utom otive Engineers, 1991), and conducting the initial site v isits /in terv iew s. The 

telephone survey w as also used to test w hether proposed definitions of netw ork  applications 

w ould be understandable to aerospace engineers. Because of the lim ited space allow ed by the 

Project for the add itiona l set of questions on com puter-m ediated  com m unication , n o t all 

phenom ena of interest to this study  could be explored in the telephone survey. It w as decided to 

leave the investigation of netw orking im pacts and  factors affecting use, abou t w hich less w as 

generally  know n, for the subsequent prim ary site v isits/in terv iew s. The m ore open  and  in- 

dep th  nature of those interview s w ould allow for a deeper and  m ore exploratory discussion of 

those topics than w as possible in the telephone survey.

333.2. Telephone Survey Procedures

The aim  of the telephone survey w as to test question form ats and collect prelim inary  

descriptive data  related to respondent characteristics, nature of engineering work, and  netw ork
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use by aerospace engineers. R espondents w ere asked to characterize them selves as either 

"scientist," "engineer," "m anager," o r  "other"; they  charac terized  th e ir  w o rk  as  "basic 

resea rch ,"  "a p p lie d  research ,"  p ro cess  or p ro d u c t d ev e lo p m e n t,"  "m an u fac tu rin g ,"  

"production," "service o r m aintenance," "sales or marketing," o r  "other." O th er questions asked 

responden ts to identify  the  type of organization in  which they w ere em ployed  and  to repo rt 

the  n u m b e r of y ears  o f th e ir  p rofessional aerospace w ork  ex p erien ce  a n d  the  h ig h est 

educational level they h ad  obtained. An open question  asked resp o n d en ts  to  describe their 

cu rren t w ork  activities.

The questions on netw ork use asked about;

• N etw ork  availability  and  frequency of use;
• Use of particu lar netw ork functions;
• Types of com m unication partners; and
• Purpose of electronic communication.

M ost of the questions on  com puter netw orking required only "yes/no" answ ers, selection from  a 

list of pre-coded answ ers (such as, for the question on frequency of netw ork use, "never," "once a 

m onth  o r less," several tim es a m onth," "several tim es a week," o r  "daily"), o r  the supply  of a 

specific num ber (such as  "approxim ate percent of past w ork week spent u sing  networks"). Only 

the question on purpose of electronic com munication invited a com pletely open-ended response.

D ata collection for the SAE telephone survey began on A ugust 14, 1991 and  ended on 

A ugust 26, 1991. Pretests of the survey were conducted on A ugust 7 ,8  and 12,1991 w ith  a small 

subset of ind iv iduals in  the sam ple. After discussing w ith the  CSR D irector th e  conduct and 

outcom es o f each ro u n d  of p re testing , the researcher m ade m inor rev isions to the se t of 

netw orking questions in  o rder to im prove question clarity and reduce the total am ount of tim e 

needed  to com plete the  te lephone interview . D ata w ere collected u sin g  the  U niversity  of 

C alifornia C om pu ter A ssisted Survey M ethods softw are (CASES). This so ftw are  p rom pts
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in terv iew ers w ith  survey questions and instructions, autom ates sk ip  procedures, an d  allow s 

them  to enter data directly online during  each interview.

The d a ta  collection staff a t  CSR inc luded  seven su p e rv iso rs  an d  tw en ty -seven  

in terv iew ers. All CSR in terv iew ers receive a t least 20 hours of tra in in g  in  in te rv iew ing  

techniques before production  interviewing. Interviewers received tw o hours of specific training 

on the SAE telephone survey instrum ent and  special procedures. Interview ers w ere instructed in 

the use of neutral probes and feedback phrases. U nobtrusive audio and  visual m onitoring of the 

in terview ers w as regularly conducted by the telephone survey supervisors u sing  equ ipm ent in 

place a t CSR.

All telephone num bers that rang b u t were not answ ered w ere called a t least six tim es 

d u ring  the survey period. On the assum ption that potential respondents w ould be unw illing or 

unable to com plete the telephone interview  while a t work, only those people w ho provided a 

hom e telephone num ber w ere selected for the telephone survey sam ple; potential respondents 

w ere generally contacted on evenings and weekends. The average length  of the interview s w as 

ab o u t 15 m inutes. Table 3-3 categorizes every case in the sam ple of 695 po ten tia l te lephone 

interview  participan ts according to its final disposition. The response rate  for the telephone 

survey w as 62%.

3.3.3.3. Use of Telephone Survey Results

Because of the lim ited in tended use of the telephone survey results for th is study, only 

sim ple d escrip tiv e  sum m aries of the da ta  and  a few cross tab u la tio n s (selected by the 

researcher) w ere p roduced  by CSR staff. A listing of all open-ended  responses w as also 

supplied. These responses had been recorded verbatim  by interviewers, who read the responses 

back to the interview ees, to check their accuracy.
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Table 3-3.
Disposition of Telephone Survey Responses

Number 
of Cases

Disposition

430 Completed interviews

48 Refused to be interviewed

28 Persistently unavailable for interviewing

45 Away during survey period

3 Inaccessible - not available for interviewing

4 Illness, disability, language problems

31 Contacted household, but respondent not living there

7 Group quarters/business phone

31 Non-working numbers

36 Phone rang/never answered after at least 6 attempts

32 Answering machines

The SAE phone survey results were useful in a num ber of ways. O ne im portan t use was 

th a t th e y  h e lp ed  id e n tify  th e  ch a rac te ris tic s  o f th e  sam p le  fram e , so th a t  its  

represen tativeness in relation  to the population  described by NSF statistics (1987) could  be 

assessed. Phone survey  responden ts identified them selves accord ing  to  their basic w ork 

functions and  activities (see Table 3-4). A lthough the categories are no t strictly com parable, 

they suggest that the SAE sam ple is sim ilar to the larger population  of aerospace engineers as 

described by the NSF statistics, in term s of job types.

As show n in Table 3-5, the data on the educational background an d  em ploym ent sector 

of sam ple  subjects are m ore strictly com parable to NSF data. These resu lts ind icate that 

subjects in  this s tu d y 's  sam ple are very sim ilar to the larger population of aerospace engineers. 

They also  helped  in  estim ating  the size of data g roup ings associated  w ith  dem ograph ic
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Table 3-4.
Work Characteristics of Telephone Survey Respondents,

Compared to NSF Data

TELE PH O N E  SURVEY R ESPO N D EN TS

Basic Job Function

Engineer
Manager
Scientist
Other

% of Respondents Selecting that Category 

66
23 (but 95% of these closer to engineer than scientist) 
2 
8

Primary work activities

Basic or applied research 14
Process or product development 63
Manufacturing or production 14
Service or maintenance 2
Sales or marketing .3
Other 7

NSF 1986 FIGURES FOR AEROSPACE ENG INEERS

Primary work activities % of Respondents Selecting that Category

Basic and applied research 9
Development 37
Management (R&D and other) 28
Production/inspection 10
Service .2
Sales 1
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Table 3-5.
Education and Employment Sector of Telephone Survey 

Respondents, Compared to NSF Data

% of Respondents in % of Respondents in
Telephone Survey NSf.-1986.Data

Educational 
Background

Bachelors or less 60 64
Masters 35  28
Ph.D. or more 4 7*

Employm ent 
S ecto r

Industry 86  73
Government 12 16
Academic/Other 3 6

*  4% in 1988 figures; no Masters or Bachelors statistics are given in 1988 source, however.

variables that are  likely to be ob tained the mail survey; g iven evidence from  the  te lephone 

survey , the  subsequent sam ple d raw n  from the SAE database w as stratified  in a n  a ttem p t to 

reach a g reater p roportion  of academ ic and governm ent representatives. Further, these results 

also  p o in t o u t variations in the w ays that d ifferent research and  professional o rgan izations 

h ave described aerospace engineering w ork and the difficulty of com paring  and in terp re ting  

these d ifferen t term s.

R esponden ts’ open -ended  descrip tions of their w ork  ac tiv ities w ere no t form ally  

analyzed . A review  of these responses corroborated the d iversity  of activities perfo rm ed  by 

aerospace engineers described in  the literature and by engineers partic ipa ting  in th is s tu d y 's  

initial interview s. Responses ranged from the general to the very specific (e.g., "m anagem ent" 

vs. "com pleted an  em ployee evaluation  form") and included a n u m b er of d escrip tio n s of 

com m unication-orien ted  activ ities (e.g., "scanned the literature," "negotiated  w ith  clients").
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These resu lts suggested  tha t it w ould be difficult to com e u p  w ith user-based descrip tions of 

w ork  an d  com m unication  activ ities for the m ail survey  th a t w ould  b e  all-encom passing , 

m utua lly  exclusive, an d  a t the sam e level of specificity. It w as decided to ask  for open-ended 

d e s c r ip tio n s  o f w o rk  an d  co m m unica tions ac tiv itie s  in  th is  s tu d y 's  p r im a ry  site  

v is i ts /in te rv ie w s  an d  then  to com pare in terv iew  w ith  ph o n e  su rv ey  re su lts  (since the 

in te rv iew s w ould  necessarily  be restricted  to a m uch sm aller and  less d ive rse  g ro u p  of 

participan ts) to m ake su re  that no m ajor types of w ork or com m unication activities w ould  be 

excluded from  the m ail survey.

The netw ork  u se  data collected in the telephone survey revealed th a t the m ajority of 

aerospace engineers have access to and  use electronic networks, for a variety of functions. Table 

3-6 presen ts the te lephone su rvey 's netw orking questions (labelled CM C 1-8), a long w ith a 

sim ple descrip tive sum m ary  of results. In general, telephone survey resu lts pa in t a p ic ture of 

w id esp read  u se  of electronic netw orks. The m ajority o f responden ts (83%) rep o rted  tha t 

netw orks w ere accessible to them  in the workplace. Further, 71% of responden ts w ho used 

com puter netw orks indicated  that they had network access to people a t rem ote sites, i.e., across 

tow n or around  the w orld. Of those respondents w ith access to netw orks, a full 44% indicated 

th a t they used them  on a daily  basis, and only 7% reported that they never used netw orks. The 

rem ainder of the responses w ere fairly evenly d istribu ted  betw een perceived use of "once a 

m onth  o r less," "several tim es a m onth," and "several tim es a week." In describ ing intensity of 

netw ork  u se -a s  opposed to frequency-the m ost common response (32%) w as tha t netw orks w ere 

u sed  d u rin g  10-24% of the past w ork week; 13 percent of respondents, how ever, indicated that 

a t least 50% of the past w ork week w as spent using networks.

In describing their use of particular netw ork functions, close to 80% of netw ork  users 

rep o rted  u se  of electronic m ail, file transfer, and  inform ation or d a ta  retrieval rela ted  to 

com m ercial or in -house databases. A bout 50% used one-to-m any electronic com m unication 

m echanism s, such as bulletin boards, newsletters or conferencing systems, and  55% used networks
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Table 3-6.
Telephone Survey Questions and Resultsa

CMC 1: The next few questions deal with the use of electronic networks for such things
as electronic mail, the control of remote equipment, and on-line information 
searching. We are interested in how the use of networks affects people's work.

At your workplace, do you have access to electronic netwoiks?

R e s p o n s e  D P e rc e n t
Yes 273 ( 83)
No 56 ( 17)
Don't know/Refused to answer 4
TOTAL 329 (100)

CMC 2: About how often do you use networks? Would you say:

R e sp o n se D Percent
Never 20 ( 7)
Once a month or less 43 ( 16)
Several times a month 49 ( 18)
Several times a week 40 ( 15)
Daily 120 ( 44)
Network not accessible 60
Don't know/Refused to answer 1
TOTAL 272 (100)

a N = 430. Base for each question varies. The 97 respondents who, in an earlier section of the survey, 
characterized their work as  something other than “aerospace-related" were excluded from the all networking 
questions. Also excluded from the total base number of respondents fcr each question were those who gave 
"Don't know” as their response, or who refused to answer. All figures are rounded up to the nearest whole 
percent.
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

CMC 2a: Do you use a network that allows you to connect to geographically distant sites,
which could be across town or around the world?

R e s p o n s e O Peoceni
Yes 179 ( 71)
No 72 ( 29)
Network not accessible or never use networks 81
Don't know/Refused to answer 1
TOTAL 251 (100)

CMC 3: Now I’m going to list some functions that networks provide. Please tell me which
you use, even if you don't use them often.

3a) Do you use electronic mail?

R e s p o n s e n Percent
Yes 196 ( 78)
No 55 ( 22)
Network not accessible or never use networks 81
Don’t know/Refused to answer 1
TOTAL 251 (100)

3b) Do you use electronic bulletin boards or conferences?

R e s p o n s e  D Percent
Yes 124 ( 50)
No 126 ( 50)
Network not accessible or never use networks 81
Don’t know/Refused to answer 2
TOTAL 250 (100)
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

3c) Do you use networks for file transfers?

R e s p o n s e D Percent
Yes 197 ( 78)
No 55 ( 22)
Network not accessible or never use networks 81
Don’t know/Refused to answer 0
TOTAL 252 (100)

3d) Do you use networks to log into remote computers for such things as 
computational analysis or the use of design tools?

R e s o o n s e a Percent
Yes 139 ( 55)
No 112 ( 45)
Network not accessible or never use networks 81
Don’t know/Refused to answer 1
TOTAL 251 (100)

3e) Do you use networks to control remote equipment such as laboratory 
instruments or machine tools?

R e s p o n s e n Percent
Yes 41 ( 16)
No 211 ( 84)
Network not accessible or never use networks 81
Don’t know/Refused to answer 0
TOTAL 252 (100)
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

3f) Do you use networks for information searching or data retrieval?

R e s p o n s e n Percent
Yes 192 ( 76)
No 60 ( 24)
Network not accessible or never use networks 81
Don't know/Refused to answer 0
TOTAL 252 (100)

CMC 4: 4a) Many people use electronic networks to communicate with other people. Do
you exchange electronic messages or files with members of your work group?

R esponse n Percent
Yes 183 ( 76)
No 57 ( 24)
Network not accessible or never use networks 81
Don't use electronic mail, bulletin boards, or file transfer 12
Don’t know/Refused to answer 0
TOTAL 240 (100)

4b) Do you exchange electronic messages or files with other people in your 
organization who are not in your work group?

R e s D o n s e n Percent
Yes 182 ( 76)
No 58 (2 4 )
Network not accessible or never use networks 81
Don't use electronic mail, bulletin boards, or file transfer 12
Don't know/Refused to answer 0
TOTAL 240 (100)
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

4c) Do you exchange electronic messages or files with people outside your 
organization?

R e s o o n s e 11 Percent
Yes 120 ( 50)
No 118 ( 50)
Network not accessible, never use networks, no remote access 82
Don’t use electronic mail, bulletin boards, or file transfer 12
Don’t know/Refused to answer 1
TOTAL 238 (100)

CMC 5: People can use electronic messages for many purposes, for example, to keep in
touch with friends, to schedule meetings, and to ask technical questions, among 
other things. If you think about the last several messages you sent or received, 
how would you describe their functions?

[240 respondents supplied an answer to this question]

CMC 6: About what percentage of the last work week was spent using networks for any
purpose at all?

FLesn-onae D Percent
None 14 ( 8)
1-4% 22 (13)
5-9% 46 (27)
10-24% 55 (32)
25-49% 12 ( 7)
50-74% 16 ( 9)
75% or more 7 ( 4)
Don’t know 1
Network not accessible or no reported use of networks 257
TOTAL 172 (100)
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for rem ote login to o ther com puter systems. Only 16% reported  use of electronic netw orks for 

the rem ote control of experim ental o r m anufacturing devices.

O ther survey  questions explored the natu re of netw ork  com m unication. A bout tw o 

th irds of those respondents w ho used electronic mail, bulletin boards, o r file transfer reported  

tha t they com m unicated electronically w ith people in their w ork g roup  o r w ith  o thers in their 

o rganization ; fu lly  half responded  th a t they used  netw orks to com m unicate w ith  people 

o u tside  the ir ow n o rganization . Finally, responden ts w ere asked  to recall an d  rep o rt the 

purpose of a recent electronic exchange (see Table 3-7). The majority of reported  exchanges were 

rela ted  to w hat m igh t be term ed "technical" com m unication. Som ew hat few er exam ples of 

"adm inistrative" exchanges w ere noted and substantially few er respondents reported  a recent 

exchange as being w hat m ight be called "social" in nature. These responses w ere used to help  

design user-based questions and  response categories related to netw ork  use for the final mail 

survey.

The telephone survey  data revealed relatively little variation  in  netw ork  access and  

use according to w hether the respondents identified them selves as "scientists," "m anagers,"or 

"engineers." M anagers reported  slightly greater access to netw orks, engineers w ere the least 

frequent users, and  scientists and engineers reported the m ost intense use. (Note: on ly  five 

responden ts classified them selves as "scientists."). These data  suggest tha t if netw ork  use 

varies by the nature of the work one perform s, m ore specific w ays of describing that w ork (such 

as by specific w ork tasks) w ould have to be used in order to reveal the variations.

The telephone survey data also suggest that a small bu t significant portion of aerospace 

engineers do  not use netw orks a t all; this helps anticipate the size of various data g roupings 

(e.g., users vs. nonusers) and subgroupings that will be obtained in the mail survey and that will 

be im portan t in the analysis of the survey results. The m ail survey sam ple size will have to be 

large enough  to obtain enough nonuser respondents for the desired  analyses. These da ta  on 

netw ork use can be used to triangulate study results by com paring them  to results obtained in the
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Table 3-7.
Telephone Survey Findings on Purpose of Electronic

Communicationa

Communication Function Number of Respondents Citing
that Function

Technical 155
(e.g., send data, ask technical questions, obtain 
specifications, solve technical problems, forward designs)

Administrative 103
(e.g., announce meetings, distribute status updates, 
announce policy decisions, schedule work)

General Information Exchange 38
(e.g., relay information, share information, get company 
news)

Social 20
(e.g., keep in touch with friends and colleagues, send 
personal messages)

a Of 430 survey respondents, 240 supplied an answer to the open question on purpose of electronic
communication. In all, 417 purposes were elicited; som e answers described more than one purpose.

m ail survey, thus suggesting the degree of reliability obtained in  the mail survey.

The telephone survey data on netw ork use can be used to triangulate s tu d y  results by 

com paring them  to resu lts obtained in the mail survey, thus suggesting the  degree of reliability 

obtained in the mail survey. Finally, the several rounds of p retesting and  adjusting telephone 

survey questions also suggested im provem ents for w ording questions abou t netw ork  use on the 

m ail survey so tha t survey questions w ould less am biguous to aerospace engineers, leading to 

greater overall valid ity  of m ail survey results .
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3.3.4. Primary Site Visits/Interviews

3.3.4.1. Primary Site Visit/Interview Objectives

The m ajor purpose of the prim ary site v isits/in terv iew s w as to gather extensive user- 

based  descriptions of the m ajor phenom ena of interest in  this study: aerospace engineering work 

task s  and com m unication  activities, netw ork use, factors affecting netw ork use, and  netw ork 

im pacts. These descrip tions w ere com pared to sim ilar findings in  the litera tu re  an d  used to 

deve lop  m ail su rvey  questions w ith a  theoretical basis as w ell as valid ity  w ith in  the  context 

o f aerospace engineering  w ork. The interview s w ere also used  to im prove the clarity  o f mail 

su rvey  questions and generate response categories for them . Interview  resu lts com plem ent the 

m ail survey results because the interviews allowed subjects to give m ore open-ended responses to 

questions and  relate relevant anecdotes.

3.3.4.2. Primary Site Visit/Interview Procedures

3.3.4.2.I. Contacting Participants

A lis t o f p o ten tia l in terv iew  subjects w as d raw n  from  the  in itia l SAE sam ple. 

Potential subjects w ere selected on the basis of geographic location and represen ted  R&D and 

o th e r  aerospace eng ineering  facilities located in  u p sta te  N ew  York and  C onnecticu t. An 

a tte m p t w as m ad e  to select from  th is list of po ten tia l in terview  subjects a subse t w hich 

represen ted  a w ide range of job types, organization types and sizes, and engineering subfields. 

If the organizations selected w ere represented by only a few people on the list, the first subjects 

contacted  w ere asked to identify  colleagues w ho m igh t be interested in  partic ipa ting  in  the 

in terview s. A p rim ary  assum ption  of the study, and  one that has been articu la ted  by Taylor 

(1991), is th a t people engaged in particular kinds of w ork will exhibit sim ilar inform ation and 

com m unication behavior based on shared work norm s, activities, and environm ent. Thus, it did 

n o t ap p e ar th a t in te rv iew ing  som e aerospace eng ineers w ho d id  no t subscribe  to  SAE's 

Aerospace Engineering  (i.e., d id  not appear in the SAE database) w ould  d is to rt in terv iew
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results. The SAE database is used as the study 's sam ple frame because it offers an  efficient tool 

for the identification of a broad  range of aerospace engineers, and  it is used only u n d e r the 

assu m p tio n  th a t journal subscribers are sim ilar in  w ork and  com m unication  activ ities to 

nonsubscribers.

Interview s w ere conducted w ith 31 aerospace engineers in  ten  d ifferent organizations 

(including tw o p retest and  29 actual interview s). Interview  subjects w ere no t lim ited to only 

those peop le  w ho used electronic netw orks. Of the tw enty-n ine in te rv iew  participan ts, 

fourteen came from  the SAE database, while fifteen d id  not, having been selected after initial 

con tac t had  been  m ade a t the  organization . The ten  o rgan izations partic ipa ting  in the 

in terview s offer substantial variety  in term s of size, ranging  from ab o u t 50 em ployees to over 

100,000. The p rim ary  aerospace products they develop include sonar system s, rad a r systems, 

electronic w arfare system s, aircraft sim ulators, rocket engine control valves, flight control 

ac tu a tio n  devices, p ropu lsion  com ponents for satellites, land-based  pow er transm ission  

coup lings, p ropelle r system s, fuel controls, env ironm ental control system s, space station 

m aterials, jet engines, helicopters, m anufacturing systems, and design and  testing systems.

N ine interview  participants reported tha t they functioned prim arily  as a m anager; 20 

rep o rted  th a t th e ir  p rim ary  function w as as an engineer. In te rm s of the  w ork  of the 

organ izational u n it in w hich they w ere em ployed, fifteen p artic ipan ts w ere em ployed  in 

either applied  research or developm ent, ten worked in  engineering, three in m anufacturing and 

production, and one in information processing and systems.

3.3.4.2.2. Primary Site Visit/Interview Activities

In terv iew s w ere conducted  a t each organizational site, betw een  A ugust 29 and 

Septem ber 24,1991. Potential interview  subjects were contacted initially by telephone. During 

the initial conversation, the purpose of the research and the interview s w as explained. Only 

one potential interview  subject declined to be interview ed, although a num ber of people had to
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check w ith  the ir superio rs a n d /o r  w ith  security  staff before com m itting  to the  interview s. 

Subjects w ere subsequently  sent a copy of the study abstract and  a brief description of the nature 

of the scheduled  interview . Interview  activities w ere pretested w ith tw o subjects in o rd er to 

determ ine the tim e required  to com plete them  and  to assess w hich activities w ere least fruitful 

in  term s of eliciting relevant responses, in  case it becam e necessary to d ro p  som e activities d u e  to 

tim e constraints. The length  of the interview s varied from  one to  one and  a ha lf hours. The 

in te rv iew s in c lu d ed  four m ajor activ ities (see A ppendix  A for a se t o f the in te rv iew  

instrum ents):

• C om pletion of the lob Tasks and Activities W orksheet, w hich elicited user-based 
descriptions of w ork tasks, com m unication activities, and  netw ork use; the w orksheet 
w as supplem ented by open-ended questions on the nature of w ork and  natu re  of the 
organization .

• Analysis of three com m unication incidents, using the M essage A nalysis W orksheet: 
subjects reported m essage purpose, channel used, partner characteristics, and  w hy a 
particular channel w as chosen in that particular situation.

• Open-ended questions on: networking impacts on w ork and com m unication at the 
ind iv idual and  organizational levels; and factors that affect netw ork use.

• Com pletion of the Interview Questionnaire on network use and background work 
ch arac teris tics .

N ot all interview  activities w ere com pleted w ith each subject, occasionally d u e  to lack of time. 

In som e cases, in d iv id u a ls  w ith  un ique  perspectives (e.g., p rim ary  resp o n sib ility  for 

im plem enting netw orked system s or a recent job change from a highly netw orked to a m inim ally 

networked environm ent) were encouraged to spend m ost of the interview  discussing their unique 

experiences.

An advan tage  of conducting  the interview s onsite w as tha t the researcher had  the 

opportun ity  to view  participants in their natural w ork environm ent. In terview ees could also 

dem onstra te  their netw ork  system  or various w ork artifacts. The researcher w as ab le  to 

experience firsthand the natu re  of each w ork environm ent; thus, various a ttribu tes presented
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them selves as  potentially  significant factors in netw ork use. For exam ple, the  high degree of 

security a t one site w as m ade dram atically clear w hen one interview ee po in ted  o u t how  ankle 

bands w ere w orn by  som e em ployees so that their m ovem ents could be traced a t all tim es. In 

another setting, it w as obvious that the physical layout~an  open  shop  floo r-e lim inated  m uch 

of the  need  for e-m ail com m unication w ith im m ediate colleagues. 'See,' th e  in terv iew ee 

exclaim ed, 'everybody I need to talk to in my w ork is easily visible... w hen  I need to talk  to 

someone, I just look to see if they 're around before w alking over to their desk .' In a num ber of 

cases, the researcher w as given a tour of the site so that the natu re  of the w ork  done there could 

be apprehended  in its entirety.

Each interview  began by review ing the nature and purpose of this s tudy  and describing 

the particu lar role of the interview s w ithin tha t context. The four in terv iew  activities were 

then briefly described and key term s were defined, e.g., "com puter netw orks" w ere defined as 

telecom m unications links am ong com puters o r betw een com puters and  o th e r devices, w ith 

exam ples inc lud ing  local area netw orks, linked w orkstations, com pany netw orks, and  the 

Internet. All interview ees w ere encouraged to be com pletely candid in  their com m ents because 

of the s tudy 's intention to focus on networking from the user's point of view, to uncover problem s 

as well as benefits, and  to obtain opinions from a broad range of people, including those w ho d id  

not use netw orks at all. Throughout the interviews, respondents were encouraged to com m ent on 

interview  instrum ents and procedures and to digress from them  if topics and issues of concern to 

them  were not adequately  addressed by specific interview  questions.

The lob Tasks and  A ctivities W orksheet w as in troduced  first because it d ea lt w ith 

topics tha t w ere potentially  the least threatening and  the m ost interesting  to respondents, i.e., 

respondents w ere asked to describe their ow n w ork activities and  environm ent. They described 

first the w ork  tasks tha t they perform ed and  each task  descrip tio n  w as w ritten  by the 

researcher in one of the boxes that m ade u p  the "W ork Tasks" colum n in  the  center of the 

w orksheet (see A ppendix  A). A num ber of people described tasks in som e kind of logical
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seq u en ce-e .g ., go ing  th rough  the steps tha t they com pleted in  o rder to  develop  som e final 

p ro d u c t-w h ile  o thers sim ply  noted a set of basic w ork activities, m ore a long  the lines of the 

k inds of th ings they d id  each day. Next, subjects w ere asked to  look a t each recorded task and 

iden tify  the  people they  typically com m unicated w ith and the  tools, devices, or inform ation 

sources they  typically used to com plete each task. These were recorded in  the boxes th a t m ade 

u p , respectively, the  w orksheet's  tw o outside colum ns on com m unication partne rs  and  w ork 

resources. L ines w ere  added  and  labeled, as ap p ro p ria te , to link  specific tasks to  their 

associated hum an  and  other resources.

W ith  on e  in te rv iew ee (subject num ber S8), for exam ple, the task "com e u p  w ith 

conceptual approaches for sim ulating avionics" w as linked to "softw are designers" w ith  a line 

labeled "get their recom m ended best alternative"; to "custom ers" w ith a line labeled "find ou t 

w h a t specific tra in ing  features they w ant"; and to  "upper m anagem ent" w ith  a line labeled 

"ge t costs." T hat sam e task  box w as linked to a resource box called "s tan d a rd  lib rary  of 

p rev io u s sim u lation  approaches" w ith  a line labeled "how  d o n e  in  past?" A fter all tasks, 

partners , an d  resources w ere elicited and recorded by the researcher, interview ees w ere asked 

w hich (if any) of the lines represented links m ade w ith com puter networks, and  to w hat extent. 

A ny com m ents tha t cam e u p  d u ring  the entire process that w ere related to the n a tu re  of the 

in terv iew ee’s w ork o r organization were recorded in the bottom  corners o f the w orksheet; if no 

u n p rom pted  com m ents w ere m ade, these topics w ere explicitly raised by the researcher.

The next interview  activity w as the analysis of up  to three "com m unication incidents," 

u sin g  the M essage A nalysis W orksheet (see A ppendix  A), w hich w as com pleted  by the 

researcher. Interview ees selected and  discussed a recent m essage, identifying its general type 

(technical, adm in istra tive , social, or other), w hich channel w as used (from  am ong several 

su b ca teg o ries  of co m p u ter-m ed ia ted , te lephone, face-to-face, o r  w ritten  com m unication  

channels), and  w hether the m essage w as sent or received. They then described the  specific 

substance or content of the message, the task context of the message, and the basic u tility  of the
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m essage. The nex t s tep  w as to identify  their com m unication p a rtn e r 's  job, o rganizational 

location, spatial location, an d  how  well tha t person w as know n. Similar questions w ere used by 

Feldm an (1987) to  explore relationships betw een the use of electronic m ail and  com m unication 

partn e r characteristics. Finally, interviewees discussed the circum stances th a t led to the use of 

a  particu lar channel in  the particular situation being described.

Follow ing on the previous exam ple, S8 described a com m unication incident initiated by 

a colleague in  h is  d ep artm en t in  an inform al face-to-face conversation tha t occurred in  the 

interview ee’s office and  tha t w as related to the task of conceptualizing a sim ulation approach. 

T he colleague w anted  advice on how  to go about prov id ing  the d isplay  system  for a new ly- 

defined  train ing  requirem ent. The subject identified problem s associated w ith the different 

d isp lay  options, gave his colleague the nam es of other people to contact, and  resolved to follow 

u p  later to see how  a decision was reached. In describing w hy face-to-face com m unication w as 

used , the subject said tha t it w as the quickest way to convey the needed inform ation, that it 

w as easiest since his colleague's office w as only 100 feet aw ay, that his colleague b rough t a 

copy of the proposal so tha t they could exam ine relevant block diagram s, an d  tha t a form al 

m eeting w as not required since they were a t an early stage of the process.

The next segm ent of the interview s involved the introduction of O pen-ended Interview  

Q uestions on com puter netw orking (see A ppendix A). R espondents were asked to describe the 

positive an d  negative effects that com puter netw orks w ere having on their w ork and on the 

w ay they com m unicated; their responses were recorded on the w orksheet by the researcher. To 

elicit w ork-rela ted  factors associated w ith  netw ork use, in terv iew ees w ere asked  "W hat is 

there about you, your work, o r your organization that m ight lead you to use  netw orks?" and , 

sim ilarly, "W hat is there about you, your work, o r your organization that m ight lim it your use 

of networks?" To give respondents one m ore chance to raise new  issues and  topics of their ow n 

choice, they w ere asked "Are there any other com m ents about netw orks or this study  that you
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w ould like to make? Is there anything you feel is im portant to m y understand ing  of the im pact 

of com puter netw orks on aerospace work and communication that hasn 't come u p  yet?"

Interview ees—w hether netw ork  users or nonusers, novices or experts—seem ed to have 

little difficulty responding to these direct questions about netw ork use factors and  effects and, in 

fact, seem ed to welcom e the opportun ity  to carry  on a general discussion of these topics. They 

raised bo th  positive and  negative points and spoke abou t cu rren t p rob lem s w ith, and  future 

directions for, networking. Com m ents were not always directly related to the specific question 

posed (e.g., subjects som etim es discussed netw orking effects w hen asked abou t factors affecting 

use, o r m entioned com m unication im pacts when asked about w ork im pacts), bu t the com m ents 

w ere  nonetheless relevant to  the  s tu d y 's  research questions. W hile som etim es reiterating  

com m ents m ade in  o ther portions of the interview, interviewees in troduced new  ideas here, as 

w ell.

Com m ents m ade by S8 in  this portion of the interview  provide an  exam ple of the nature 

of the responses typically  elicited . He said tha t a defin ite fu tu re  requ irem en t w ill be to 

netw ork  sim ulators together to train  pilots against each o ther in  com bat situations and  that 

ano ther application tha t w ould potentially be useful for him  w ould be if he could use, from his 

office, specialized equipm ent tha t w as 'p lugged in  onsite.' He d id  not use netw orks m uch at all, 

so the cu rren t im pact on  him  personally w as lim ited, although he knew  they w ere a necessity 

for m any design engineers. He noted that other people in the com pany go t queries abou t their 

electronic capabilities, such as 'C an you sh ip  that data electronically?' or 'C an w e e-m ail?' 

This in terview ee felt th a t the biggest problem  w as that the technology k ep t changing, that 

w hen  you finally  m aster it, it changes, and tha t w as w hat d iscouraged  h im  from  using 

netw orks. W hen probed about the sort of technology that provided this kind of difficulty, he 

gave learning how  to use a M acintosh personal com puter as an  exam ple, so he clearly w as not 

ta lking abou t arcane hardw are  and  software as the source of his problem . He noted further
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tha t it w ould  take h im  abou t a week to learn how  to use a M acintosh and  th a t after tha t it 

m igh t increase h is productivity .

In response to the queries on factors affecting netw ork use, he said th a t his com pany 

encouraged use by providing needed equipm ent and training. He w as w orried th a t storm s w ould 

cause a loss o f data; w ith netw orking, th is could have a d isastrous effect on  the ability for 

recovery, h e  felt. This subject found the idea of the In ternet in teresting, b u t he adm itted  that 

he really h a d n 't g iven it any  thought. He concluded this portion of the in terv iew  by stressing 

the  im portance , in  his w ork, of real-tim e com m unication  an d  h igh -speed  d a ta  tran sfe r 

capabilities; thus, he felt tha t distributed  fiber netw orks w ould be required  for the aerospace 

industry .

As the final interview  activity, subjects w ere asked to com plete a tw o-page In terv iew  

Q u e s tio n n a ire , w hich contained m atrices on  the availability , use, an d  perceived  value  of 

various types of netw orks and netw ork applications (see A ppendix A). It also  required  the 

com pletion of a set of background questions related to the subject's job an d  organization  

characteristics. The m ain  purposes of this questionnaire  w ere to  in itia te  a m ore specific 

d iscussion  ab o u t the  use of particu lar types of netw orks and  netw ork  app lica tions and  to  

provide an  early assessm ent of the form at and w ording of basic questions in th is area tha t were 

p lanned  for inclusion  in  the national mail survey. O nce p artic ipan ts had  com pleted  the 

questionnaire, they discussed their responses w ith the researcher, elaborating on  their answ ers 

and  com m enting on  their in terpretations of the questions. Any com m ents th a t arose here— 

either abou t netw orks or about the questionnaire itself—that w ere deem ed especially relevant 

w ere recorded by the interview er in the m argins of the questionnaire o r on separate  sheets of 

p aper.

U pon com pletion of the interview , the researcher review ed the four in strum en ts to  

check for an d  correct any problem s that m ight cause confusion in subsequent analysis of the 

d a ta , such as m issing  subject identification num bers, illegible h an d w ritin g , or recorded
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com m ents n o t clearly  a ttr ib u ted  to e ither the researcher o r the  interview ee. Finally, the 

in terview er's ow n im pressions of the interview  w ere recorded.

3.3.4.2 .3. Primary Site Visit/Interview Analysis Procedures

As sta ted  above, the prim ary goal of the site v is its /in te rv iew s w as to elicit extensive 

user-based descrip tions of the major phenom ena of interest in  this study: aerospace engineering 

w ork  tasks an d  com m unication  activities, netw ork  use, factors affecting netw ork  use, and  

netw ork  impacts. These descriptions w ere used to develop questions and  response categories for 

the subsequen t national mail survey. In addition , the interview s naturally  allow ed responses 

of a g rea ter leng th  and  d ep th  than w ould typically be g iven in a w ritten  survey. Thus, the 

in terview  results com plem ent and  augm ent mail survey results. The interview s p rov ide dep th  

of d a ta  (rich responses from  a small num ber of people), w hile the survey p rov ides b read th  

(sh o rt responses from  a large num ber of people). In terv iew  d a ta  are also use fu l w hen 

in terpreting  the m ail survey results because they provide additional context.

In analyzing and  sum m arizing the data obtained from  the site v isits/in terv iew s, all of 

the in s tru m e n ts  com pleted  w ith  each partic ipan t w ere rev iew ed, along w ith  field notes. 

Individual responses from the instrum ents were used to com pile user-based lists representing the 

m ajor categories of phenom ena of interest in  this study. The in tent of the analysis w as to  yield 

as broad  a range of responses as possible; no further inferences or conclusions w ere d raw n  from 

the d a ta . Data w ere sum m arized and organized, bu t not analyzed in  the sense of looking for 

frequency or in tensity  of responses or of relating responses to other characteristics of subjects.

The categories and the m anner in which the lists w ere constructed by the researcher are 

described in Table 3-8. All of the material sum m arized in these lists w as recorded an d  coded by 

the researcher. Subject responses and researcher com m en ts/p ercep tio n s w ere  categorized 

accord ing  to the m ajor categories listed above, w ith the researcher's com m en ts/percep tions 

p receded  by a b racket to distinguish them  from the subjects’ responses. Pertinent interview ee
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Table 3-8.
Interview Data Sources and Analysis Categories

Analysis Category

Work tasks

Interpersonal
communication
activities

Work resources 

Network applications/uses

Factors encouraging 
network use

Source of Data from Interview Instruments

Job Tasks and Activities Worksheet, center column of “work 
task” boxes. This list contained about 160 items.

Job Tasks and Activities Worksheet, left-hand column of 
boxes for “Who do you communicate with?” This list contained 
aboutl 20 items.

Job Tasks and Activities Worksheet, right-hand column of 
boxes for “What tools, devices and info sources do you use?” 
This list contained about 50 items.

All completed instruments and notes were reviewed and a 
comprehensive list of unique uses was compiled (i.e., uses 
mentioned by more than one subject were recorded only 
once). The majority of the recorded responses came from the 
Job Tasks and Activities Worksheet and the portions of the 
Interview Questionnaire that dealt with network types and 
applications. This list contained about 80 items. In addition, 
respondents’ comments about the clarity of the Interview 
Questionnaire matrices were recorded separately and 
reviewed carefully.

All completed instruments and notes were reviewed and 
a comprehensive list of factors encouraging network use was 
compiled. The majority of the recorded responses came from 
the Open-Ended Interview Questions Worksheet and the 
portions of the Interview Questionnaire that dealt with network 
types and applications (i.e., from respondents' comments 
about why network applications were used). Also included 
here were responses on message substance and reasons for 
choosing a particular communication channel-for computer- 
mediated communication incidents-elicited by the Message 
Analysis Worksheet. The list contained about 130 items.
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Table 3-8 (Cont’d).
interview Data Sources and Analysis Categories

Analysis Category

Factors discouraging 
use

Work characteristics

Positive network impacts

Negative network impacts

Source of Data from Interview Instruments

These items were compiled in a manner similar to that network 
described immediately above. This list contained about 250 
items.

All instruments were reviewed to compile a comprehensive list. 
Most responses came from the Job Tasks and Activities 
Worksheet, where “Nature of Work” and “Nature of 
Organization” comments were recorded in the lower corners, 
or from comments made while completing the Interview 
Questionnaire. All items in this category could also be 
considered as factors potentially related to network use. This 
list contained about 65 items.

All instruments were reviewed to compile a comprehensive list; 
virtually all items in the list came from responses elicited with 
the Open-Ended Interview Questions Worksheet, with the 
questions “How would you describe the effects that computer 
networks are having on your work, both positive and 
negative?” and “How would you describe the effects that 
computer networks are having on the way you communicate?” 
This list contained about 95 items.

These items were compiled in a manner similar to that 
described immediately above. This list contained about 15 
items.
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responses th a t w ere not d irectly  generated  in response to questions reflec ting  th e  m ajor 

ca tegories (i.e., unp ro m p ted  responses) w ere p receded  by an  asterisk . For exam ple, a 

interview ee m ight m ention, in  context of describing his or her work, that their w ork  is complex, 

b u t does n o t explicitly offer tha t response in the context of discussing factors th a t affect netw ork 

use.

Each item  in the lists represented  a particu lar ind iv id u al's  response, w as recorded  

u s in g  the  sam e term inology  th a t appeared  in  th e  original in te rv iew  in s tru m e n ts  o r in 

separate ly  recorded researcher notes, and  w as coded w ith the resp o n d en t's  iden tification  

num ber, followed by a num ber indicating which of the four interview instrum ents w as the source 

of th a t item . For exam ple, the first w ork  activity elicited from  S8 u sing  the Job Tasks and  

A ctivities W orksheet (designated as Instrum ent 2) w as recorded in the category "W ork Tasks" 

as: "Com e u p  w ith conceptual approaches for sim ulating avionics: 8.2."

3.3.4.3. Use of Primary Site Visit/Interview Results

This section describes the relevance and expected contribution of the p rim ary  interview  

data to each of the study 's  research questions. The first research question asks: W hat types of 

computer netzvorks and network applications are currently used by aerospace engineers?" The 

Interview  Q uestionnaire (see A ppendix A) allowed the  initial testing of the clarity  of w ritten  

questions and the adequacy of pre-coded response categories related to the netw ork  types and 

applications m atrices. It w as im portant to see w hether the vocabulary w as com prehensible, 

the  m atrix  form at could be com pleted correctly, and  the  range of response  choices w as 

appropria te  to the respondents' experiences and extensive enough. In o rder to assess the clarity 

an d  app ro p ria ten ess  of these questions, responden ts  w ere asked, d u r in g  th e  in terv iew s, 

w hether questions were unclear or difficult to answ er. Some w ere asked to p rov ide their ow n 

defin itions and  exam ples of particular term s that appeared in the interview  in strum en t or to 

explain how  they com pleted the m atrix and why particular answ ers w ere given.
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The use of netw ork  applications w as described by respondents as they com pleted the 

n e tw o rk  app lica tions m atrix , b u t som e specific exam ples w ere also g iven by responden ts 

th ro u g h o u t o th e r p o rtio n s  o f the in te rv iew  w hile d iscussing  n e tw o rk  u se , w o rk  and  

com m unication  tasks, and  im pacts. Thus, all of the interview  m aterial w as rev iew ed to com e 

u p  w ith  the m ost extensive list of netw ork applications possible, recorded  using  respondents' 

ow n  vocabulary. This list w as used in developing item s for the mail survey.

In general, those w ho used netw orks a lot had little trouble in te rp re ting  term s related 

to  n e tw o rk  ty p es o r  applications; novice users, no t surprising ly , w ere  m o re  inclined to 

m isin terp ret the term s. The term s used, in other words, were basically correct b u t w ere no t clear 

to  th o se  no t a lread y  fam iliar w ith them . Several specific p rob lem s w ith  th e  in strum en t 

term inology w ere identified. For example, in  the Interview  Q uestionnaire section on 'T ype  of 

N etw ork," the definitions for "local network" ("connects com puters w ith in  and  am ong build ings 

a t yo u r workplace") and  "organization-wide netw ork” ("connects different locations belonging 

to one organization") seem ed to overlap in respondents' m inds. In th ink ing  of their particular 

situations, som e found it hard  to  decide w hether, if their w orkplace w as a la rge  com plex of 

b u ild in g s  sp read  over, for exam ple, several square m iles, tha t shou ld  still be considered  a 

"local" netw ork. It w as decided that defining 'local network" as being confined to one building 

w ould  m ake it easier to in terpret responses.

S everal p ro b lem s w ere  also revealed  in  an a ly z in g  d a ta  from  th e  "N etw ork  

A pplications" m atrix . The app lica tions listed  w ere in m ost cases too  b ro ad  to g ive an 

ind ication  of specific uses of the generic application. If these generic term s w ere  used in the 

national mail survey, som e responses w ould yield results more relevant to describing system  use 

th a n  to  su g g estin g  peop les ' u se of netw orks in perfo rm ing  p a r tic u la r  w ork  tasks and 

com m unication  activities. "Inform ation or data retrieval" for exam ple, included on line library 

cata log  use, search ing  online internal phone listings, accessing softw are libraries or databases 

of aerodynam ic equations, retrieving either em pirical or adm inistrative data for analysis, etc.
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A nother p rob lem  w ith  these generic application term s w as tha t responden ts d id  n o t alw ays 

associate their specific uses w ith the broader "jargony" phrases. For exam ple, one m anager 

used the  corporate netw ork  to access the com pany 's central payroll system  in  ano ther p a rt of 

the country , bu t d id  not check either "remote log-in" or "inform ation o r d a ta  retrieval" (or any 

o ther o f the  listed applications) to indicate this use.

In general, in terview  subjects seemed com fortable w ith  the m atrix form at. They did  

n o t com plain  th a t it w as too difficult to understand  or too com plex to  com plete and  their 

exp lanations of their responses seem ed to indicate tha t they had  indeed filled ou t the charts 

correctly. Only a few problem s w ere noticed. O ne respondent, for exam ple, skipped the entire 

chart, except for the row  associated w ith the one application used, even though the instructions 

indicated  th a t the en tire  chart should be com pleted, even for applications no t curren tly  used. 

This suggested  on the  one hand  that the instructions should  be altered to  em phasize tha t the 

en tire  ch art should  be com pleted and , on the o ther hand, tha t m ore effort should be m ade to 

m ake the  en tire  chart relevant to  bo th  users and  nonusers and  to rem ove colum ns tha t were 

redundant.

The second research question asks: What work tasks and communication activities do

aerospace engineers use nehvorks to support? Interview  respondents w ere asked to identify  the 

w ork tasks and  com m unication activities they perform ed and  the degree  to  w hich netw orks 

w ere u sed  to perform  each task (see Job Tasks and Activities W orksheet in  A ppendix A). The 

contribu tion  of the in terview s to this research question w as to cap ture a m ore extensive list of 

user-based term s for w ork tasks and com m unication activities than w as possible in the initial 

site v is its /in te rv iew s. These user-based descrip tions w ere used to help  assu re  th a t the 

subsequen t m ail survey asked about w ork tasks that w ere appropria te  to aerospace engineers, 

and th a t w ere phrased using their ow n term inology .

A s no ted  above, ab o u t 160 separate  w ork tasks and  120 sep ara te  in te rpersonal 

com m unication  activities w ere elicited from interview  respondents. W hen asked w hat they
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d id  all day, interview  subjects said, for example, tha t they: conduct research, design signal 

processing algorithm s, w rite  project reports, analyze experim ental data, track dow n citations 

and  read research  papers, review  field su p p o rt reports, w rite specs, m ake g round  ru les for 

b idding on new  projects, smile and coerce, assign work, solve shop floor producability  problem s, 

attend  m eetings, tell mechanical engineers w here to place com ponents so tha t the design is good 

electronically  as well as  m echanically, com m unicate w ith custom ers, an d  p lay  high-level 

"bad cop" w ith vendors and suppliers.

A fter com parison  w ith  the lite ra tu re , th e  tasks and  ac tiv itie s  e lic ited  in  the  

in terview s w ere collapsed in to  21 pre-coded response categories for the m ail su rvey  p retest 

instrum ent. These categories represented w ork and com m unication activities tha t encom passed 

the m ost com m on technical and non-technical tasks perform ed by  people in  the aerospace 

industry . An attem p t w as also m ade to select the  m ost im portan t tasks, i.e., those m ore 

relevant to im proved productiv ity  and p roduct quality. Reviewing the literature inform ed the 

selection in  tha t som e tasks, such as negotiation, a re  held to  be less su itab le for electronic 

com m unication  channels; selecting th a t task  for th is  s tudy  a llow s the  find ing  from  the 

literature to be tested. A final consideration in selecting representative tasks w as their level of 

specificity. Tasks that w ere too specific w ere not included (e.g., "assure tha t post-sh ipp ing  

support w as offered for installation"). O ther specific tasks w ere represented by a m ore general 

ph rase  (e.g., "run  w ind tunnel experim ent" w as represented  by the m ore general "conduct 

experim ent o r run  test"). Tasks that w ere too general (e.g., "m anagem ent") to elicit reliable 

answ ers w ere replaced by tasks whose m eanings were m ore specific (e.g., "coordinate work").

The th ird  research question asks: What work-related factors are associated with the 

use o f computer networks by aerospace engineers? A num ber of the instrum ents com pleted by 

interview  participants produced  results relevant to th is research question. First, the Interview  

Q uestionnaire elicited characterizations of w ork tha t m ight be associated w ith  ex ten t or
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n a tu re  of netw ork  use. The questionnaire asked interview ees to rep o rt their job title and  

iden tify  the:

• Job category  best rep resen ting  the ir p rim ary  w ork activ ity  (engineer, sc ien tist, 
m anager, technician);

• Type of organization w here they worked (industria l/business, governm ent, academ ic, 
no t-for-profit);

• The w ork  of their organizational un it (basic research, applied  research, developm ent, 
engineering, m anufacturing/production, etc.);

• Principal aerospace subfield to  w hich their w ork belonged (propulsion , structures, 
aerodynam ics, etc.).

The Interview  Q uestionnaires tested the clarity of these questions and  the adequacy  of the 

proposed  pre-coded response categories. Even these relatively straightforw ard descrip tions of 

w ork w ere not consistently interpreted  and  easily answ ered by all interview  subjects, a lthough 

job category, type of organization, and  aerospace subfield caused few difficulties. For exam ple, 

there w as no direct m apping  between official job titles and  perceived job function; respondents 

seemed to feel tha t the precoded job category responses were m ore adequate as descrip tions of 

their prim ary job function. For example, some people whose title w as "Scientist" or "M anager" 

said they w ere really  engineers, w hile som e people w hose title  w as "Engineer" said they 

functioned prim arily as m anagers. Respondents' com m ents about these questions led to several 

changes in  their form at for the mail survey pretest instrum ent.

The interview s w ere also used to identify other aspects of w ork tha t m ight be related 

to netw ork  use. As noted earlier, subjects were asked to characterize the natu re  of their w ork 

and  the ir organization . They also explicitly suggested  factors rela ted  to ne tw o rk  u se  in 

d iscussing  their w ork and  com m unication activities (in connection w ith  the Job Tasks and 

A ctivities W orksheet) and  in the open-ended  questions on ind iv idual and  organ izational 

factors associated w ith  netw ork ing  (on the O pen-Ended Interview  Q uestions Instrum ent). 

Actual responses suggesting  factors that encourage netw ork use included: " I u se netw orks
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because m y w ork  dep en d s on inform ation p u t together by other people," "1 have th e  netw ork 

connection right on  m y desktop machine," "everyone else uses it," and  "I need im m ediate access 

to o thers and  shared data." Interview  responses that suggest, on  the o ther hand , factors that 

d iscourage netw ork  u se  include: "some partners are infrequent users," "too m uch junk  mail," 

"can't brow se messages," and  "too difficult to keep learning new  applications."

Situational and  o ther factors affecting netw ork use w ere also identified in  th e  Message 

A nalysis  W orksheet (see A ppend ix  A) by ask ing  resp o n d en ts  to  d escribe  in d iv id u a l 

com m unication incidents and  then  report the substance of the m essage com m unicated , which 

com m unication channel w as used in  each incident, and w hy that particu lar channel w as chosen 

in  th a t situation. Reasons for netw ork  use m entioned in  the site v is its /in te rv iew s included: 

"knew  p artn e r used  e-m ail," "m essage w as trivial," "partner hard  to  get on  th e  phone," "I 

d id n 't need an im m ediate answer," "m essage w as brief," "that channel w as m ost efficient," and 

" 1 w anted  to leave a record of the fact that I 'd  contacted him." Factors related to the choice of 

a non-netw ork channel w ere also m entioned: "if m essage w ere w ritten  and w orded  w rong, it 

could  dam age ou r purpose, w hich w as to appear focused and responsive," "com m unication 

occurred totally spontaneously, it w as just happenstance," "problem  w as complex," "knew  there 

w ould be a subsequent question tha t required m y answer," "I was asking him  to do  som ething for 

me, so w anted it to be a m ore personal request," and "wanted to encourage group feeling."

Thus, in both describing their use of networks to perform  w ork tasks and discussing their 

general perceptions, subjects identified a w ide variety of w ork-related  factors th a t they felt 

e ither encouraged or d iscouraged  netw ork use. Some of these factors coincide w ith  those 

consisten tly  reported  in  the lite ra tu re  for all k inds of jobs, e.g., "personal p reference for a 

p a r tic u la r  channel," w h ile  o th e rs  offer m ore u n iq u e  in sig h ts  in to  the  fit b e tw een  the 

capabilities and functions of electronic netw orks and the nature of engineering work, knowledge, 

and com m unication. As w ith the user-generated lists of w ork tasks, it w as d ifficult to distill 

the resulting  extensive list o f factors potentially related to netw ork use dow n to a m anageable
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num ber of item s for the m ail survey. The criteria used to accom plish th is w ere the sam e as 

those described above in connection w ith  the list of w ork  tasks th a t w as elicited. Factors 

selected w ere those w hich, in  the researcher's judgm ent, w ould resu lt in a set of representative, 

varied, im portan t, and  theoretically m eaningful items.

Because these  in terv iew  resu lts  also contribu te d irectly  to  an sw erin g  the s tu d y 's  

research question  on factors associated w ith netw ork use and  to in te rp re ting  the m ail survey 

responses to closed-ended questions, they will be discussed m ore fully, w here app rop ria te , in 

the report of this s tu d y 's  results in  C hapter 4.

The fourth  research  question  asks: What is the impact o f network use on aerospace 

engineering work and communication? The interview s contributed to th is research question  in 

several ways. Subjects’ responses to open-ended questions about perceived outcom es of network 

use suggested im pacts to be tested in the mail survey by posing structured  questions w ith pre- 

coded response categories. C om m ents m ade by interview ees related  to netw ork ing  im pacts 

included:

• A llows ideas, problem s to be expressed at point of need;

• Time to m arket is cut, because the num ber of changes required is cut;

• Enhances ability of organization to function as a unit;

• D istributes available expertise to all em ployees;

• M akes m e feel m ore em pow ered; gives me a greater sense of ow nership, com m itm ent, 
team  spirit;

• Allows us to docum ent, evaluate, im prove our work processes;

• D ow ntim e can be catastrophic;

• Provides access to lots of tools not available otherwise;

• Sharing inform ation and expertise can result in fewer glitches a t the end  of a project;
and can help  us stop re-inventing the wheel;

• E-mail, bu lle tin  boards have great utility because you can go bo th  w ide and  d eep  in 
inform ation searching;
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• E-m ail m akes m y com m unication  m ore im personal; I send  a m essage (one-w ay 
com m unication) when I should go dow n and interact face-to-face; and

• C oordinating  engineering and adm inistrative system s yields NEW inform ation.

Interestingly, respondents identified only a very few negative im pacts from  netw orking, even 

w hen probed on th is point. Even problem s commonly cited in  the literature, such as inform ation 

overload or security risks, d id  not seem to trouble m any interviewees.

A num ber of the suggested impacts, such as "provides access to lots of tools not available 

otherwise," are generic in the sense that they m ay be felt as well by o ther types of users beyond 

those in an engineering com munity. O thers suggest w ays in which the capabilities of electronic 

netw orks are especially well- or ill-suited to the w ork tasks of engineers and  to  the w ay that 

know ledge is created, transferred, and used in engineering com m unities. O nce again, it w as 

difficult to select from  the large num ber of im pacts suggested in the interview s and  integrate 

responses into a manageable and useful set of questionnaire items.

Interview  reports of general perceived use of netw orks in connection w ith certain  tasks 

and com m unication—such as accessing rem ote inform ation or sending sim ple m essages to busy 

co lleagues-w ere  also relevant to this research question. They suggested relationships to be 

further explored in the mail survey, i.e., how  netw orks are being used m ost heavily. As with 

responden ts ' descrip tions of factors related to netw ork  use, their ex tended com m ents about 

im pact also provides data to answ er this research question directly.

To sum m arize the application of the interview  results, they served to im prove bo th  the 

theoretical and  practical developm ent of the w ritten  m ail survey. The in terv iew s greatly  

increased the researcher's fam iliarity w ith the context and  conduct o f engineering  w ork, 

com m unication, and  electronic netw ork use in a variety of aerospace settings. This increased 

understand ing  im proved the developm ent of the p lanned mail survey, such as by suggesting 

rela tionsh ips am ong netw ork use, w ork activities, and  w ork factors tha t are m eaningful to
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aerospace engineers and  could  be explored in  the survey. It also im proved  the clarity  of 

questions p osed  in  the survey  and helped ensure tha t pre-coded response categories w ere 

adequately representative of the com m unity and phenom ena being studied.

3.3.5. National Mail Survey

33.5.1. National Mail Survey Objectives

T his study  cu lm inated  in  a m ail survey  that p rov ides descrip tive  d a ta  ab o u t the 

curren t extent of netw ork use by aerospace engineers in the United States. The d a ta  can also be 

used  to explore relationships between electronic netw ork use and  aerospace engineering w ork 

and  com m unication. The d ata gathered in  the mail survey w ere used to  answ er the study 's four 

research questions. N onetheless, the in terpretation  of the questionnaire da ta  w as assisted by 

com paring them  to, or review ing them  in the context of, data obtained in the s tu d y 's  prim ary  

interview s and  telephone survey.

33.5.2. National Mail Survey Questionnaire Development

The final version of survey instrum ent developed for this study  consisted of 27 closed- 

ended questions, six open-ended questions, and five matrices. The matrices ranged in size from 

five row s by three colum ns (w here each colum n required a selection from  am ong  several pre- 

coded response categories) to 30 rows by three columns. Most survey questions w ere very closely 

based on questions used in this stu d y 's  earlier data collection activities. After several general 

questions on  netw ork use and  overall perceived im pact, the questionnaire w as d iv ided  into 

sections u n d e r the headings: "C om puter N etw ork  Availability, Value, and  Use," "W ork 

Resources in  A erospace," "N etw ork  A pplications in A erospace," "A erospace Tasks and 

Activities," "N ature of Your W ork Environment," "Im pact of Com puter N etw orks," "Im portant 

Background Inform ation," and "Concluding the Survey." Q uestions used nom inal, ordinal, or 

ratio  scales for recording responses. To answer the closed-ended questions, respondents circled
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the  num ber of a pre-coded response, filled in a blank line w ith a num ber or a response code, or 

p laced a check m ark  in  a m atrix cell. The pretest version of the questionnaire is reproduced  in 

A ppendix  B. The final ten-page survey booklet, and  the cover le tte r that accom panied it, are 

reproduced in A ppendix C.

The form at and  content of several survey questions w ere ad ap ted  from  those developed 

by o ther researchers in  earlier studies. For exam ple, the question  "O verall, how  w ould  you 

describe your cu rren t reaction to com puter networks?" and its set of pre-coded responses were 

ad ap ted  from  a question  used  by H iltz (1984) in  her study  of com m unications system  use by 

researchers an d , subsequently , by Bizot, Smith, and  Hill (1991) in their s tu d y  of the u se  of 

electronic m ail in an  R&D organization. Bizot and her colleagues included a series of questions 

tha t listed effects o f netw ork  use (e.g., "Professional/technical em ployees can use PROFS to do 

ta sk s  trad itio n a lly  ass ig n ed  to  c le rica l/sec re ta ria l perso n n e l"  (p . 91)) an d  then  asked  

responden ts to  su p p ly  Likert scale responses indicating  bo th  the extent to w hich the stated  

effect occurred  in  their organization  and the degree to w hich they  felt th a t the occurrence 

rep resen ted  a m ajor prob lem  or benefit. A sim ilar set of questions w as developed  to assess 

netw ork  im pacts for the cu rren t study, although the content o f the questions w as derived  from 

d a ta  collected earlier in th e  s tudy  and a m atrix form at w as used  to collect these d a ta  from  

respondents.

F eldm an 's study  of electronic mail and weak ties in o rganizations (1987) incorporated 

several questions ab o u t the spatial and  organizational position of electronic com m unication  

p artn e rs . O rd in a l scales w ere used to describe spatia l and  organ izational spans. Sim ilar 

q u es tio n s  w ere  u se d  in  th is  s tu d y 's  m ail ques tionna ire  to  exp lo re  d iffe rences am ong  

com m unication channels used by respondents and the geographic an d  organizational range that 

the  different channels typically spanned. The use of an ordinal scale for indicating  agreem ent 

or d isagreem ent w ith a given statem ent is a com m on question form at for w ritten surveys. It was 

used , for exam ple, by Rosenbloom  and W olek (1970) in their study  of inform ation transfer in
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in d u stria l o rganizations, to collect data  on  responden ts ' a ttitu d es ab o u t various aspects of 

technical com m unication. It w as used by Allen (1984)-as it w as in  this questionnaire—to collect 

d a ta  not on attitudes, b u t on the nature of researchers' w o rk .

The m atrix  form at had  been used previously by the researcher (M cClure, e t al. 1991), 

b u t it has also been em ployed in other surveys of technical com m unication an d  com puter use. 

T his question  form at w as a p rim ary  feature of M uro take 's (1990) s tudy  of th e  relationship  

betw een engineers' use of com puter tools and project perform ance. M urotake's m atrix contained a 

row  for each type of engineering task. Colum ns w ere filled in w ith the num ber of ho u rs  spent on 

the  task, the num ber of hou rs w orking on  the task  th a t w ere spent using  com puters, codes 

ind icating  the type  of h ard w are  and softw are used in  the task, and  codes rep resen ting  the 

responden t's  rating  of the com puter tools used in term s of their effect on job productiv ity  and 

quality  of w ork. M urotake asserted that this m atrix, w hile com plex, d id  no t seem  as difficult 

for engineers to com plete as he had feared; he concluded tha t the m atrix  fo rm at w as well- 

su ited  to the typical engineer's cognitive abilities.

Shuchm an (1981) used a m atrix to collect data  from  engineers abou t their assessm ent of 

d iffe ren t k inds of technological innovations for com m unication. Each new  tool (e.g., video 

phone, teleconferencing) w as listed as a row  of the m atrix; colum ns indicating  th a t each tool 

w as "available," "used," or "unavailable b u t w ould be useful" produced m atrix cells that were 

filled in w ith  check m arks by respondents. In a study  of factors related to the use  of technical 

inform ation in engineering problem  solving, Kaufman (1983) asked responden ts to com plete a 

com plex m atrix  in  w hich, for each of tw enty-tw o inform ation sources listed, they supplied  

codes for how  th a t resource w as found, w hen it w as found, w hy it w as used, how  it was used, 

how  effective it was, and how  efficient it was.

A lthough it w as easy to incorporate the form at of Interview  Q uestionnaire item s (used 

in th is s tu d y 's  site v isits/in terv iew s) on the use of netw orks and  netw ork applications and on 

background  inform ation  abou t ind iv idual and job characteristics, o the r m ajor areas of the
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s tu d y 's  inqu iry  tha t w ere investigated  in the  site v is its /in te rv iew s requ ired  a com plete 

revision of question form at to accom modate the constraints of a w ritten, self-adm inistered mail 

questionnaire. In the site visits/in terview s, for example, respondents com pleted the Job Tasks 

and  Activities W orksheet and the Message Analysis W orksheet to describe their w ork tasks 

and  com m unication activities, resources used in their work, the extent to w hich netw orks w ere 

used in accom plishing these tasks and accessing these resources, and  reasons for using  particular 

com m unication channels in  particular situations. These data w ere collected in the m ail survey 

as well (Note: question numbers provided throughout this section correspond to the numbering of 

the final survey instrument, reproduced in Appendix C). First, a m atrix  (q6) collected data  on 

the extent to which networks were used to access people and inform ation resources used in one's 

work. Second, a set of questions (q.8-q.l5) related to a "critical incident" selected by the 

respondent w as incorporated in  the questionnaire. The m ail survey used the critical incident 

technique (as recom m ended by, e.g., Flanagan, 1954, and Lancaster, 1978) to im prove the 

validity of survey answ ers by helping respondents focus and  report on  a specific, recent, and 

im portant w ork situation. The critical incident technique has been em ployed successfully in a 

num ber of studies of engineering communication (e.g., Kremer, 1980; Pinelli, 1991b; Rosenbloom 

& Wolek, 1970). In the mail survey questionnaire, respondents were asked first to select, from a 

list of 22 pre-coded responses, the "one most im portant w ork task" they perform ed d u ring  the 

last w ork week. After com pleting an  open-ended question describing the task (q.9), respondents 

reported in  closed-ended questions the num ber of other people involved in  the task (q.10), the 

geographic (q .ll )  and  organizational (q.12) spans of the task; w hether they encountered  any 

new  resources w hile com pleting the task (q.13); w hich w ere the p rim ary  and  secondary 

com m unication channels used to accomplish the task (q.14); and w hat their m ain reason w as for 

choosing the prim ary channel used (ql5).

In addition , som e of the situationally-derived responses on reasons for the use of a 

particular com m unication channel (e.g., 'I needed to go to his office because we had to have all
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the d raw ings, parts, and  contracts in  front of us w hile we figured o u t w hat to d o ')  tha t were 

reported  in the  in terview s w ere phrased as general statem ents in a m atrix on the m ail survey 

(q.20), to  w hich responden ts either agreed o r disagreed. This question asked responden ts to 

report on  o ther aspects of their w ork environm ent as well, such as:

• W ork characteristics (e.g., routineness, proprietary  nature);

• O rganization characteristics (e.g., nature of organizational culture, degree  of 
organizational suppo rt for networking);

• Ind iv idual characteristics (e.g., aw areness of netw orked resources, lack of fam iliarity 
w ith com puters); and

• Technology characteristics (e.g., unreliable transm ission, incom patible system s).

One basic change, then, w as the shift from a focus on specific messages (in the interview s) to a 

focus on specific work tasks and com munication activities (in the m ail survey). The shift m akes 

th is area of d a ta  collection in the mail survey m ore germ ane to the study 's  research questions. 

The m essage focus is b iased tow ards individual, in terpersonal com m unication  exchanges, 

w hereas the s tudy  aim s to look m ore broadly a t the use of various channels to  link to  people, 

tools, and  inform ation resources. Further, mail survey respondents m ay have found questions 

ab o u t specific m essages too personal or too difficult to answ er adequate ly  in  w riting; these 

difficulties w ere m itigated in  face-to-face interaction w ith interview ees, but w ould  have been 

m ore difficult to overcom e in a w ritten questionnaire.

Data on netw ork im pacts w ere also obtained by  the mail survey in a slightly different 

m anner from  tha t used in  the site v isits/in terview s. As in the interview s, responden ts were 

asked an  open-ended question  on perceived im pacts from netw ork use. But, in  addition , they 

com pleted a m atrix (q.21) w hich required that they provide pre-coded responses to questions 

ab o u t perceived  im pacts of netw orks on them  as ind iv iduals and  on  the ir o rganizations. 

R esponden ts also p rov ided  Likert scale-type ra tings of the perceived va lue  of particu la r
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netw ork  types (q5) an d  applications (q.7), as well as of netw orked access to w ork resources (q6), 

in  the  m atrices devoted  to these topics.

Table 3-9 sum m arizes the  data tha t the mail questionnaire w as designed  to  collect. As 

in te n d ed , th e  fo rm at and  con ten t derived  m ainly from  the s tu d y 's  earlier d a ta  collection 

activities. T he m ail survey  incorporated lessons learned in the site v is its /in te rv iew s and  the 

national te lephone survey, a lthough the literatu re w as also useful in  devising  questionnaire  

item s. R esponse categories an d  question w ord ing  w ere developed prim arily  from  responses 

ob ta ined  earlier an d  thus w ere m ore user-oriented and  m ore m eaningful w ith in  the  context of 

aerospace eng ineering  w ork  th an  w ould have been possible w ithou t the p relim inary  d a ta  

collection activities. Some form at changes w ere necessitated in adap ting  in terview  instrum ents 

to th e  self-adm inistered  questionnaire developed  for the national m ail su rv ey . The initial 

version  of th e  m ail su rvey  ques tionna ire  w as p re tested  and  a n u m b er of changes w ere 

incorporated  in  the final version of the questionnaire booklet. The procedures and  results of the 

p re te s t a re  described  below ; th is chap te r ends w ith  a descrip tion  of the  fram ew ork  for 

ana lyz ing  th is  s tu d y ’s results, including a discussion of how  the d a ta  ob ta ined  w ere used to 

answ er the s tu d y 's  research questions.

33.53. National Mail Survey Questionnaire Pretest

33.53.1. Objectives and Procedures

The goal of the p re te s t for th is s tu d y 's  m ail survey  w as to te s t a n d  refine the 

questionnaire instrum ent, as needed, based on three types of input: (1) com m ents from  expert 

researchers; (2) com m ents from  responden ts  w ho had  partic ipa ted  in the  s tu d y 's  earlier 

p re lim inary  d a ta  collection activities; and  (3) responses from  new  responden ts. The p retest 

in strum ent w as developed betw een June and  October 1992. It w as m ailed to the th ree  types of 

p re test participants, along w ith a cover letter, during  the last two w eeks of October.
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Table 3-9. 
Summary of Data Collected by the Mail Questionnaire

Demographic Information

Age
Gender
Highest degree obtained
Years of professional aerospace work experience
Industry sector (e.g., industry/manufacturing, government, academic)
Size of parent organization, division, worksite, department

Work/Communlcatlon Information

Current job title

Primary job category
(e.g., engineer, manager)

Branch of aerospace
(e.g., aerodynamics, structures, propulsion)

Primary job function
(e.g., administration, research, service/maintenance)

Degree of work computerization
(percent of work week spent at computer; development of computer systems, 
components, software, or data as primary work feature; etc.)

Perceived characteristics of work
(e.g., task interdependence, proprietary nature of work)

Perceived organizational climate regarding network use 
(e.g., extent of support, reward for networking)

Work resources used
(e.g., colleagues, journals)

Most important work task/communication activity performed

-Number of people involved in task
-Geographic and organizational span of task
-Discovery of new resources in performing task
-Tw o most important communication channels in performing task
-Reason for choosing channel in performing task
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Table 3-9 (Cont’d).
Summary of Data Collected by the Mail Questionnaire

Descriptions of Network Use Behavior and Perceptions

Degree of computer network use
(e.g., whether used personally, through intermediary, or not at all; percent of work 
week spent using computer networks; perceived extent of networking at the 
workplace)

Types of networks available and used
(i.e., LAN, organizational, research, or commercial)

--Location of their use

Network applications used
(precoded use category responses related to, e.g., electronic mail, electronic 
data interchange, file transfer)

Use of networks to access work resources
(precoded use category responses related to, e.g., technical reports, external 
vendors)

Perceived barriers to network use 
(in open-ended question)

Perceived factors affecting network use
(in open-ended question and precoded responses related to work and 
networking environment)

Perceived impact of electronic networks
(on work, organization, quality of work life, career-in open-ended question and 
precoded responses related to positive and negative networking impacts; 
precoded assessment responses related to the value of networks, networked 
applications, networked access to work resources)
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Five experts (Ronald E. Rice and  Paul Kantor of Rutgers U niversity, Elliot Siegel of the 

N ational Library of M edicine, Bradford Hesse of the Am erican Institutes for Research, and Lee 

S proull of Boston U niversity) review ed the pretest questionnaire. T h e  review  of research 

instrum ents by  experts in the field has been found to be an  im portant technique for im proving 

research  quality; experts offer suggestions for im provem ent tha t often d iffer from  and  prove 

m ore useful than  those derived from  the analysis of standard  pretest resu lts  (Presser & Blair, 

1994, in  press). Each of the experts consulted  in  th is s tu d y  had  experience in  survey 

developm ent an d  had  conducted investigations involving people doing scientific and  technical 

w ork. Four of the five have com pleted investigations of some aspect of com puter netw orking. 

They w ere sought o u t for their unique combination of m ethodological and  subject expertise; since 

th is  is a re la tive ly  new  area of research, there a re  rela tively  few  re lev an t m odels for 

questionnaires. These pretest respondents w ere expected to offer adv ice for im prov ing  the 

technical quality  of the questionnaire and to provide feedback regard ing  the im portance of the 

questions asked. O ne of the expert review ers responded w ith only a general and  brief e-mail 

m essage. The o ther four expert reviewers m ade com m ents on their copies of the questionnaire 

and  re tu rn ed  them  to the researcher. Three of the four also p artic ip a ted  in  subsequen t 

discussions: one in person, one over the telephone, and one w ith e-mail.

The p retest questionnaire and cover letter w ere also sent to e igh t subjects w ho had 

partic ipa ted  in earlier phases of this investigation. The eigh t w ere selected because they 

represented a cross-section of ages, gender, job types, and settings. P revious participants were 

u se d  because it w as assum ed  th a t the ir p rev io u s p artic ip a tio n  in d ica ted  an  ex isting  

com m itm ent, i.e., they could be counted on to engage seriously in the p retest as well as  to offer 

their assessm ent of how  their peers w ould react to receiving such a survey. Their in p u t on 

w hether the questionnaire seem ed a faithful and valuable follow -up to  the earlier in terview s 

in  w hich they  partic ipa ted  w as also sought. These responden ts w ere asked to com plete 

(annotating it w ith any  com m ents as they w ent along) and return  the pretest questionnaire, and
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to  p a rtic ip a te  in  fo llow -up  te lephone in terv iew s of abou t 20-30 m in u tes  to  d iscuss the ir 

responses. Six of those contacted com pleted this set of pretest activities.

Finally , the p re test ques tionna ire  and  cover le tter w ere sen t to ten  new  subjects, 

in d iv id u a ls  selected random ly  from  the  second sam ple pu lled  (in June 1992) from  th e  SAE 

database  of subscribers to Aerospace Engineering. The responses from  th is p re test g ro u p  w ere 

u sed  to pred ic t the m ail survey response rate, test SAE database accuracy, and  assess the degree 

to  w hich the pretest in strum en t generated  com plete and  accurate responses. Four com pleted 

su rveys w ere received, and  a second survey w as m ailed to nonresponden ts; tw o  com pleted 

surveys w ere subsequently  received and one w as returned due  to an  insufficient address. Thus, 

six com pleted surveys w ere received from  this pretest group. Follow -up telephone calls to the 

th ree  nonrespondents revealed th a t one subject w as no longer w ith the com pany to w hich the 

su rvey  w as sent, one said th a t h e  had filled o u t the survey on second m ailing an d  re tu rned  it 

(a lthough  it w as n o t subsequen tly  received by  the researcher), and  the th ird  said h e  had  

passed  the survey on to som eone else in  the firm  w ho was m ore fam iliar w ith  netw orks (w ho 

apparen tly  d id  not com plete and  return  the questionnaire).

33.5.3.2. Use of Pretest Results

O ne reason for conducting  the pretest w as to get an idea of the expected response rate  

from  the new  SAE sam ple d raw n  in June 1992 and  to try  to gauge po ten tia l reasons for 

nonresponse, in o rder to ad just sam pling procedures, if  necessary. Forty percent of the ten new  

subjects w ho received the pretest survey and cover letter returned com pleted surveys after one 

m ailing  and  ano ther 20% after the second m ailing, resulting  in a final response rate  of 60%. 

H alf of the reasons for nonresponse were, in fact, d u e  to problem s w ith the currency or accuracy 

of the SAE database. In add ition , one of the com pletions w as from  a retired  person, w hose 

su rvey  w as th u s  of less than  optim al validity  (i.e., the survey w as answ ered  by  reporting  on 

the  latest em ploym ent situation).
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G iven the apparen t problem s w ith the currency of inform ation in the sam ple database 

(d raw n in June 1992), it w as decided to d raw  a new  stratified random  sam ple from  the SAE 

database (see Section 3.2.4 above). Hoping for about 800 to 1000 com pletions and assum ing from 

the evidence of the pretest m ailing to new  subjects tha t the mail survey  w ould achieve abou t a 

50% response rate  (since abou t 10% of those receiving the survey m igh t be retired  and , thus, 

m ight no t com plete the survey o r m ight return  surveys of questionable validity), it w as decided 

to send the survey to 2000 people in the SAE database. As discussed above in  Section 3.2.4 on 

research  design and  sam ple selection, 800 to 1000 re tu rns w ere desired  because th a t w ould 

represent about the m axim um  num ber that s tudy  resources could support. It w ould also provide 

a sufficient num ber of returns for exploratory study; even a data subgrouping of 5% w ould yield 

40 responses to analyze.

P retest participants m ade several useful com m ents about the survey 's cover letter, m ost 

of w hich  d ea lt w ith  em phasiz ing  to responden ts the u ltim ate  u tility  of th e ir  efforts (see 

A ppendix  B for a copy of the pretest cover letter and questionnaire). O ne p rev ious subject 

rem arked  th a t em phasiz ing  th a t the da ta  w ould really  be used w ould  encou rage  her to 

com plete the survey. O ne of the expert review ers called the cover le tter "in form ative and 

persuasive ," b u t ano ther w as left w ondering who w ould use study  results. A nother expert 

review er noted tha t the phrase "not used for commercial purposes" w as vague (i.e., if results of 

the survey w ere published, com mercial netw ork services could use the results to im prove their 

offerings, w hich w ould be good—so it w ould be m ore precise to say that ind iv idual responses 

w ould  no t be reported). O ne expert review er also suggested that the cover letter w as too long. 

As a resu lt of these com m ents, the cover letter was shortened, the u tility  of the resu lts w as 

reta ined  as a key them e, and  the phrases identified as am biguous w ere clarified. The final 

version of the m ail questionnaire w as also accom panied by a cover letter from  Thom as E. 

Pinelli, A ssistant to the Chief, Research Inform ation and  A pplications Division, NASA (see 

A ppendix  C). This letter highlighted the im portance of the survey to NASA and  suggested
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how  the survey  resu lts w ould be used by NASA to form ulate m ore effective policies and 

procedures.

R esults from  all three p retest groups w ere review ed to assess responden ts ' overall 

reactions to questionnaire length, difficulty, content, and format. Considered in this assessm ent 

were both explicit com m ents from respondents as well as the general level of com pleteness and 

correctness o f the  com pleted questionnaires. General com m ents received from  the expert 

review ers w ere tha t the "questionnaire looks good, bu t aw fully  long," th a t the survey w as 

"w ell-constructed" and  the matrix style charts were "a nice w ay of getting a lot of inform ation 

expeditiously ."

M ost previous respondents said it took them  about 25 m inutes to com plete the survey. 

They acknow ledged that the survey was on the long side, b u t the consensus seem ed to be that 

the length w as still w ithin reason. A num ber of specific com m ents about question form at were 

m ade, several of which were related to the matrix-style charts. One prev ious respondent said 

the questionnaire w as "very clear ... d idn 't look too complex; engineers see lots of charts; it 's  

no t too technical." A nother rem arked that it was "easy to understand  ... d id n 't have to rack 

b rains to supp ly  answ ers ... had  inform ation righ t at m y fingertips..." and  im plied that, in 

general, the closed-ended and pre-coded response formats of m ost of the survey 's questions were 

good because respondents "d idn 't w ant to write essays." On the other hand , a num ber of the 

respondents rem arked that they wanted a few m ore "other" responses and open-ended questions 

to be inc luded , especially  in the realm s of factors and  im pacts. Such questions w ere 

subsequently  added  to the final version of the questionnaire. One respondent said the matrix 

charts got "tedious," b u t that it w as not hard to understand how  to com plete them.

The su rvey  w as basically filled in com pletely and correctly  by all six p rev ious 

respondents. Responses w ithin and am ong m atrices seemed consistent. In the m atrices on 

netw ork use, w ork resources, and netw ork applications, how ever, three of the respondents 

skipped the subsequent colum ns on extent of use and value in a t least one of these charts, when
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the  in itial co lum n on basic availability  w as answ ered  in  the negative . In sp ite  of the 

instructions to the contrary, in  other w ords, respondents d id  not com plete subsequent colum ns 

perceived by  them  as redundan t o r irrelevant.

The survey w as generally answ ered com pletely and correctly by all six new  subjects as 

w ell, lead ing  to  the conclusion tha t the questionnaire length  should  be trim m ed slightly , if 

possible, bu t that no radical cuts w ere needed. N o respondent used the concluding open-ended 

question  (q.28) to com plain about the survey length o r com plexity. O ne respondent, how ever, 

noted  the num ber of unfam iliar term s w ithout definitions and , in  fact, supp lied  a  definition of 

"computers" in q.2a. O nly one respondent skipped a question (q8 asking "A pproxim ately how  

m any people w ere directly involved in perform ing this task w ith you?"), p erhaps because the 

answ er w as no t know n. The m ost significant problem  identified was in  the m atrices on  netw ork 

use, w ork resources, and netw ork applications. As w ith the group  of p revious respondents, this 

g ro u p  also d id  no t com plete subsequent m atrix colum ns perceived as unnecessary, given their 

response in  the first colum n. The solution devised for this problem  w as to collapse redundan t 

co lum ns and rew ord  and  reform at instructions regarding com pletion of the m atrices, to make 

them  clearer.

Several p retest participants com m ented on the overall im portance an d  in terest of the 

su rvey  questions. O ne of th e  expert review ers said tha t s tu d y  lacked obv ious theory  and 

hypotheses to b e  tested, bu t another noted that the bread th  and  dep th  of the data  collected 

w as "a nice contribution of the research." Among the previous subjects, the general reaction was 

positive, w ith respondents rem arking that the questionnaire d id  no t get too boring. O ne person, 

for exam ple, said the survey provoked interesting questions in the responden t's m ind and that 

the survey w ould "roo t ou t" answ ers to the "right questions" about netw orking  in  aerospace. 

A nother said th a t the survey w as com prehensive and  the questions w ere pene tra ting  and 

practical; he especially  liked the user orientation. Finally, he no ted  th e  tim eliness of the 

s tudy  w ith the cu rren t em phasis in the federal governm ent on  NREN. O ne problem  w as noted
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by a  university  professor w ho d id  not use networks. H e sa id -q u ite  accu ra te ly -th a t the survey 

seemed m ore geared to curren t netw ork users and  to people in  industry. He could still com plete 

all the  questions, b u t felt they w ere less relevant to his situation. Several p rev ious respondents 

rem arked that the questionnaire seemed to cap ture the breadth  of discussion an d  the im portant 

issues and  topics th a t have been raised in  the prelim inary  interview s. O ne no ted  th a t he did 

not feel "led" by the questions or response categories.

M oderate interest in the natu re of the study  w as show n by the new  subjects in tha t half 

of the respondents said they w ould like to receive a sum m ary of study  results. The 60% response 

rate  may also be in terpreted  as a positive indication of overall interest. O ne th ird  o f the new 

subjects said they w ould  be w illing to partic ipa te  in fo llow -up research. O ne responden t 

indicated tha t the topic of netw ork ing  in aerospace w as im portan t, repo rting  in  q.26 th a t "In 

m y view , a technologically cu rren t netw ork  w ith  w idely available d a ta /in fo rm a tio n  w ould 

greatly  facilitate ou r w ork by im proving quality, tim eliness, and  accuracy."

A num ber of revisions to form at and w ording  of specific questions, precoded  response 

items, and  instructions w ere also m ade as a result of the pretest. C onversations w ith  previous 

subjects m ade it possible to check on issues of reliability and validity by asking them  to provide 

defin itions o r in te rp re ta tions of particu lar questions, w here it seem ed the  m ean ing  of the 

questions m ight be am biguous. Expert reviewers also m ade com m ents on the form at an d  content 

of specific questions. Finally, one expert review er m ade several useful recom m endations 

concerning the analysis o f the survey questions on factors and im pacts. H e suggested  that "data 

snooping" and  "m eaningless correlations" m ight be avoided in  several ways:

• Use Chi-squares, contingency tables, or calculate correlation coefficients.

• C om e u p  w ith a priori hypotheses, even  if inform al (asking w h a t rela tionsh ip s the 
lite ra tu re  and  th is s tu d y 's  p relim inary  da ta  collection activities w ould  lead one  to 
expect lets the researcher identify "w eird" results and ponder them  in a m ore inform ed 
w ay).
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•  If stric t hypothesis testing  is not app rop ria te  to the  s tudy , se t som e p rede term ined  
lim it on  w hat w ou ld  be accepted as a "significant" resu lt, e.g., on ly  considering  it a 
probable im pact if a t least 50% of respondents say that im pact occurs.

•  G roup  like resp o n ses (e.g., "shortens p ro d u c t deve lopm en t tim e" and  "decreases 
tu rn a ro u n d  tim e...") in  the analysis to increase the p robab ility  o f o b ta in in g  real 
differences, tha t could then be subjected to inform al hypothesis testing.

These suggested w ere followed, in a general fashion, in  sum m arizing and  presenting  the results 

from  the m ail survey: ch i-squares are calculated to test th e  significance of re la tio n sh ip s  

described in contingency tables; inform al hypotheses suggested by  the litera tu re  (such as  that 

internal com m unication is m ore im portant than external com m unication for engineers) are tested 

aga inst survey data and  unexpected results are identified and  discussed; lim its on  assum ed 

significance can be assigned by the reader and are, in som e cases, used as a basis o f reporting  

su rvey  results; and sim ilar factors (e.g., those related  to training) and  im pacts (e.g., those 

related to w ork efficiency) are discussed in tandem .

33.5.4. National Mail Survey Administration, Response Rate, and Data Processing

This section describes the procedures used for adm inistering  the national m ail survey 

an d  for coding and  entering  the resulting data into a com puter file for subsequent analysis. To 

beg in  w ith , the  subse t o f the database of subscribers to  Aerospace Engineering  th a t SAE 

provided for the survey 's sam ple (see 3.2.4 above for a description of the sam ple selection) w as 

im ported  in to  a Paradox database a t the Center for Survey Research (CSR). Each responden t 

w as assigned a un ique identification num ber used th roughout the survey process. An initial 

inspection and  clean-up of the database was done; m issing data  on respondents, such a s  zip  

codes o r incom plete addresses, were searched in an appropriate  source.

On February 15, 1993 the survey w as sent to the 2000 subscribers represen ted  in  the 

sam ple. The first m ailing  included: (1) the 10-page questionnaire booklet; (2) a cover letter 

describing the study  and the use of its results that w as signed by the researcher and p rin ted  on 

U niversity of Illinois, G raduate  School of Library and  Inform ation Science le tterhead; (3) a
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cover le tter p rin ted  on NASA letterhead describing the im portance of the  survey to NASA that 

w as signed  by Thom as E. Pinelli, the A ssistant to the Chief, Research Info rm ation  and 

A pplications Division of NASA; and (4) a postage paid return  envelope. Packets w ere resent if 

they  w ere  re tu rn ed  by the U.S. Postal Service w ith  a corrected  add ress. A copy of the 

questionnaire booklet and the tw o cover letters are included in  A ppendix  C. A t the end of 

February  1993, a postcard w as sent rem inding respondents to re tu rn  their questionnaires and 

thank ing  those w ho had  a lready  done so. The survey w as resen t to the rem ain ing  1214 

nonrespondents on  April 21,1993. The follow-up packets contained the sam e basic elem ents as 

those in  the first mailing.

The CSR received a total o f 950 usable questionnaires by the cutoff date  of July 15, 1993. 

The figures in Table 3-10 describe the final disposition of the survey. These figures am ount to 

an unadjusted  response rate of 47.5%. As cited in Pinelli (1991b, p. 173), Babbie (1973) com m ents 

that a response rate of 50% is adequate for reporting and analysis, w hile 60% is good and 70% is 

very good. A ccording to Pinelli (1991b, p. 184-185), it is custom ary to delete ind iv iduals from 

the sam ple for reasons such as retirem ent, illness, death , w rong addresses, o r those who 

indicated  that the survey w as totally inappropriate for their present duties. D oing so in this 

survey (i.e., rem oving those cases enum erated above ), produces an adjusted N  of 1852. Given 

the num ber of questionnaires returned, this results in an adjusted response rate of 51.3%. The 

response rate w as presum ably affected by the length and difficulty of the survey, along w ith 

the fact that in tended  respondents w ere not very specifically targeted, i.e., responden ts were 

selected solely on  the basis of belonging to the aerospace industry.

Some com parisons between survey respondents and nonrespondents can be m ade in order 

to judge w hether respondents are indeed representative of the larger sam ple fram e (see Table 3- 

11), although, unfortunately , little data on the characteristics of the ind iv iduals in  the sam ple 

fram e w ere read ily  availab le to the researcher. The records sen t to the CSR for each 

in d iv id u al inc luded  only  their nam es and addresses. The SAE subscriber d a tab ase  does
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Table 3-10. 
Disposition of Mail Survey Responses

Number D isposition
of Cases

950 Usable returns

17 No address/incorrect address

7 Deceased

1 Too sick to complete

36 Retired -  survey not completed

18 Refusal

3 Out of the country

66 Questionnaire not applicable (e.g., recipient not

in aerospace)

categorize subscribers by job and industry type (and a stratified sam ple w as pu lled  according to 

these categories), b u t survey  questions on sim ilar characteristics w ere not w orded  exactly the 

sam e way, so exact com parisons between respondents and the larger sam ple are  no t possible. In 

the figures p resen ted  in Table 3-11, the sam ple characteristics a re  labeled "approxim ate," 

because they are based on the researcher's request th a t the sam ple of 3750 d raw n  by SAE 

contain certain  percentages in  each category. From the sam ple that SAE subsequently  sen t to 

the CSR, 2000 subjects w ere random ly selected. In Table 3-11, the job categories used in the 

survey  itself ap p ear in parentheses, w here they are significantly d ifferen t from  those term s 

used in the SAE database. Only data from com parable categories are presented.

A ccording to the  da ta  in Table 3-11, it appears  tha t survey responden ts  a re  quite 

sim ilar to th e  sam ple as  a whole, suggesting that, for certain d im ensions im portan t to the 

study , there is little difference between respondents and  nonrespondents. A lthough it w ould
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Table 3-11. 
Comparison of Selected Mail Survey Respondent and 

Sample Characteristics

Industry Sector

Industry

Government

Academia/Non-profit

Approximate % In Sample

60

30

10

% of Survey R esponden ts

54

30

8

Jab-Caiftflflry!

Corporate/Engineering Management 30  
(Administration)

R&D 15

Engineering/Design 15

Manufacturing and Production 15
(Manufacturing Engineering;
Quality Control; Production)

Purchasing and Marketing 13
(Sales and Marketing)

10

26

23

13

* The job categories used in the mail survey appear in parentheses, where they are significantly different 
from the terms used in the SAE database.
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ap p e a r  from  the table that m anagers w ere m ore likely to be nonrespondents, ano ther survey 

ques tio n  asked  resp o n d en ts  to characterize them selves as e ith e r engineers, m anagers, o r 

scientists. For th is question, 39% of respondents selected the term  "m anager."

It can probably  be assum ed that survey nonresponse is biased tow ards those people who 

do  no t use networks; such people w ould have less inclination to com plete a long questionnaire on 

the topic of netw orking. A pparently, however, this nonresponse b ias is m inim al. In the earlier 

SAE telephone survey (where respondents w ere not self-selected based on their use o r nonuse of 

netw orks), 76% of responden ts stated that they used networks. In the m ail survey (which w as 

co n d u c ted  a b o u t 18 m o n th s later), 85% of resp o n d en ts  claim ed to be n e tw o rk  users.

A com plete record w as kept a t CSR of all questionnaires returned . CSR staff review ed 

all questionnaires to  assu re  their acceptability for processing; no ta tions or corrections tha t 

m ight be required  before processing were added. Once approved for processing, data w ere coded 

and  entered  b y  CSR staff according to previously specified procedures. The researcher received 

an  initial codebook from  CSR on May 19, 1993, based on the in p u t of 102 random ly  selected 

surveys. Data w ere entered using the Com puter-A ssisted Survey Execution System  (CASES). 

T he resea rch e r th en  rev iew ed  the codebook, g e ttin g  c larifica tion  w h ere  n eed ed , an d  

even tua lly  directed  several revisions of the coding procedures. The researcher spen t several 

days a t the CSR a t the beginning of June 1993 in order to w ork ou t the final procedures for data 

coding  and  entry . W hile there, the researcher carefully exam ined a num ber of the com pleted 

surveys to assess the quality  of the responses and to see w hether the proposed coding procedures 

w ould , in  fact, allow  the planned analyses to be perform ed. After directing the  final revision 

of coding procedures, the researcher coded about 20 surveys according to the final coding scheme 

in o rder to gain  personal experience w ith this aspect of the analysis.

The researcher also exam ined the coding that had been done already  by CSR staff in 

o rd e r  to check its overall accuracy. In fact, i t  w as surprisingly  easy to im plem ent the final 

cod ing  schem e and  enter data, especially com pared to how  difficult it had  been to develop the
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coding p rocedures them selves. W hile a t CSR, the researcher also oversaw  creation of a test 

da tase t o f 144 com pleted  surveys. The test datase t w as created in  o rder to  ascertain  w hether 

the analyses proposed for the questionnaire (see below) could actually be perform ed, given the 

agreed-upon coding and  entry procedures. This cautionary step w as deem ed necessary because of 

the com plexity of the survey data. The 102 surveys that had already been used to p roduce the 

prelim inary codebook w ere recoded and re-entered, w here necessary, and  42 additional surveys 

w ere coded and entered.

W orking  w ith  CSR staff, the  researcher attem pted  to  u se  the CASES softw are to 

perform  a num ber of the intended analyses for this study. W hile th is exercise d id  no t reveal 

any  coding problem s, it d id lead to the realization that the in tended analyses w ere beyond the 

capabilities of CASES. Thus, it was decided that survey data w ould  have to b e  transferred  to 

SPSS, a statistical analysis softw are package, for com plete analysis. Once it w as determ ined, 

th rough  m anipulation  of the test dataset w ith SPSS, that all data  processing p rocedures were 

adequate for the intended use of the data, all rem aining questionnaires w ere coded and  inpu t a t 

the CSR, and  the final codebook w as produced. Represented in the codebook are  the survey 's 

319 variables.

3.4. Analysis Framework

This research represents an  exploratory and descriptive s tu d y  of netw ork  u se  in the 

aerospace industry . The types of data  obtained in the study 's various data  collection activities 

include: dem ograph ic  (individual and institu tional), a ttitud ina l and  percep tua l, an d  self- 

reports o f behavior (e.g., work, com m unication, and netw orking activities). Q uantitative data 

analysis techniques w ere used to produce descriptive sum m aries of: dem ographic data , data 

related to netw ork use, precoded attitudinal and perceptual data  related to netw ork  im pacts 

an d  fac to rs affecting  netw ork  use, and precoded  repo rts  of w ork  an d  com m unication
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characteristics and  behavior. C on ten t analysis techniques w ere ap p lied  to the s tu d y 's  

q u a lita tiv e  da ta .

For q u an tita tiv e  d a ta  analysis, several sim ple statistical techn iques w ere  app lied , 

using  SPSS, to identify  an d  analyze relevant trends and  relationships in  the m ail survey  data, 

for exam ple, to com pare netw ork users and nonusers on particular characteristics and  to  explore 

the possible influence of particu lar w ork-related factors on  netw ork use. O nly nonparam etric 

tests, a p p ro p ria te  an d  usefu l in  analyz ing  nom inal and  o rd inal level d a ta  such as  tha t 

generated  by the mail questionnaire, w ere em ployed. The C hi-square test for independence 

betw een  tw o variables w as used  in  a num ber of instances. For exam ple, it w as used  in 

contingency tables set u p  to look for a significant differences in netw ork  use, based on  various 

responden t characteristics, such as gender. The null hypothesis in  this case w as th a t netw ork 

u se  bears no  relationship to gender. In those cases w here larger contingency tables resu lt from  

com paring two variables, the C hi-square test is less useful for locating specific differences. In 

such cases, as recom m ended by Roscoe (1975, p. 259), the cell frequencies them selves are 

exam ined to  determ ine w here the greatest differences between expected and actual frequencies 

l ie .

The standard  error of the difference was used to calculate the significance of differences 

in proportions in several analyses. For example, the percent of netw ork users w ho agreed w ith 

the s ta tem ent "The resu lts of m y w ork are in tegrated  w ith  the  w ork  of o th e rs"  (q20) is 

com pared  to the percen t o f nonusers w ho agree, in o rd er to d e term in e  w h e th e r h ighly  

in tegrated  w ork  is associated w ith netw ork use, and w hether th a t difference m ay be d u e  to 

chance only.

O pen-ended interview  and survey data were sum m arized using content analysis, a set of 

p rocedures for organizing and  analyzing useful textual inform ation tha t is difficult to com bine 

an d  analyze because it is d iverse  and unstructu red  (General A ccounting Office, 1989, p. 6). 

W eber prov ides an  alternative definition of content analysis as "a research m ethod  tha t uses a
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se t of p rocedures to m ake valid inferences from  text" (W eber, 1990, p. 9). These au th o rs  cite 

exam ples--such as ana lyz ing  new spaper editorials to look for tren d s  in  political o p in io n -  

w here large bodies o f unstructured text are analyzed to d raw  inferences abou t som e population. 

T he con ten t ana lysis  p rov ides an  unobtrusive m easure, im posing a n  analysis p u rp o se  and 

structu re  on texts th a t w ere generated w ith some different purpose in  m ind. Since the goal of 

the  analysis is to  d raw  inferences, exact quantification and  coding reliability  a re  im portan t, 

an d  statistical tests a re  often applied  as the last step in  the analysis.

In th is study , content analysis w as used to organize and sum m arize unstructu red  textual 

data, b u t it w as no t used  to d raw  statistically valid inferences about the phenom ena of interest. 

C onten t analysis w as used to review  the site v isit/in terv iew  data, in o rd er to  develop  user- 

based schem es for concepts such as netw ork impacts, w ork characteristics and  activities, and 

factors associated w ith  netw ork use. The specific content analysis procedures used in  review ing 

the in terview  data are described in section 3.3.4.2.3 above.

C ontent analysis techniques w ere also em ployed to explore an d  sum m arize  the mail 

survey responses to q.18 ("W hat do you think are the biggest barriers to  netw ork  u se  tha t you 

experience?") and  q.19 ("W hat are the m ost im portant factors that encourage your netw ork  use 

o r potential use?"); these two questions relate to factors associated w ith  netw ork  use. C ontent 

analysis w as also perform ed for the mail survey 's open-ended question on  netw ork  im pacts: q.31 

("W hat do  you  m o st w an t to  convey to  netw ork  po licym akers, serv ice p ro v id ers , or 

organizational m anagers about the im pact of com puter networks on w ork  and  com m unication in 

aerospace?"). The text being examined in this case is n o t com pletely unstructu red ; the pieces of 

text w ere originally  generated in  response to questions reflecting a t least the b roadest level of 

analysis categories, e.g., barriers to network use, and netw ork impacts.

The in ten t of the analysis of these survey responses is exp lo ra to ry  as opposed  to 

inferential; its p u rp o se  is to sum m arize and organize the open-ended  responses in  o rd er to 

im prove the validity  of the study  and increase its ability to discover unan tic ipated  responses
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by not constrain ing respondents to precoded response categories for im portan t study  variables. 

Thus, results presented from  this content analysis of responses to the survey 's open questions are 

lim ited to the nam es of categories, the num ber of responses occurring in  each, and an  exam ple of 

a response coded as belonging to that category.

The conten t analysis procedures used to analyze the survey  d a ta  w ere  as follows. The 

context u n it (the m aterial to  be used in  the content analysis) w as survey  questions 18 an d  19, for 

factors affecting netw ork use, and question 31, for netw orking im pacts. The recording u n it of 

analysis w as any w ord  or group  of w ords (phrase, sentence) that em bodied a specific perception 

o r  behav io r o f in te rest in  the study . C oding categories w ere developed  (by a coder no t 

prev iously  associated w ith  the study) by review ing all of the responses to each question  in 

o rd e r  to  com e u p  w ith  a p re lim inary  set o f m u tu a lly  exclusive ca tegories th a t w ou ld  

exhaustively  cover all responses. Each category w as given a label and  a descrip tion  by the 

coder; several exam ples of responses falling into that category w ere recorded.

The researcher review ed the content analysis schem e a t th a t po in t, suggesting  slight 

re -p h rasin g  of category  nam es, clearer category defin itions, an d  som e re-shuffling  of the 

overall hierarchy of categories. Then, the coder exam ined and coded all responses as belonging 

to  a p a rtic u la r  category , w ith  the researcher aga in  rev iew ing  the co d in g  schem e th a t 

even tua lly  resu lted  from  th is process. Responses not su ited  to  an  ex isting  category w ere 

iden tified  an d  exam ined to see if they suggested either a new  category  o r  a change in the 

defin ition  of an existing  category. The resu lt of this iterative process w as that the coder 

eventually  classified and labelled all responses and  produced a final listing of categories and 

the ir descrip tions. The researcher review ed the final o u tp u t (i.e., coded item s and schem e) 

carefully. Several categories w ere renam ed o r collapsed. A pproxim ately  ten percen t o f the 

item s w ere recoded, based on the researcher's judgm ent that the coder had  m isapplied codes. 

A bout half of the item s designated as "uncodable" by the coder w ere subsequently  assigned 

codes by the researcher.
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The p rim ary  w ays in  w hich the data gathered in  this s tudy  w ere used to  answ er the 

s tu d y 's  research questions a re  outlined below. The use of specific statistical p rocedu res is 

described in grea ter detail in  the next chapter, in connection w ith  discussion of the particular 

resu lts they produced . Because the mail survey produced the stu d y 's  prim ary data, it receives 

the greatest a tten tion ; Table 3-12 sum m arizes the relationship betw een each question  in  the 

m ail survey and  the study 's four research questions.

The firs t research  ques tion  asks: What types of computer networks and network

applications are currently used by aerospace engineers? This research question w as answ ered 

by tabulating the responses to several questions from the mail survey. First, findings reveal the 

percent of m ail survey respondents who reported  the use of com puter netw orks generally, as 

well as the use of: local, organizational, research, and commercial networks; netw orks at w ork 

vs. a t hom e o r som e o ther location; and  various netw ork  applications (e.g., electronic mail, 

rem ote login, file transfer). The mail survey called for sim ple y e s /n o  responses to  questions 

abou t the use of these types of networks and for precoded reports of the frequency of the use of 

various netw ork applications. Mail survey respondents w ere also asked to report w hether the 

various netw ork types and applications were, in fact, available to them . A nsw ers to q.4 ("Do 

you ever use any  kind of com puter netw ork in your work?") w ere used to d iv ide m ail survey 

respondents in to  netw ork users and nonusers. This g rouping w as then used for o ther kinds of 

analyses conducted  on the m ail survey data, for example, to assess factors potentially  related 

to netw ork  use by com paring  various characteristics, a ttitudes, and  behaviors of users and  

nonusers.

N etw ork use questions were also asked in both the telephone survey and  the prim ary 

site  v is its /in te rv ie w s . The netw ork  use questions w ere inc luded  in the p rim ary  site 

v isits/in terv iew s to test the clarity of question w ording and precoded response categories; thus, 

these responses w ere not formally analyzed. N etw ork use questions w ere likewise included in 

the telephone su rvey  to test the clarity of w ording b u t served, in  addition , to arrive  a t a
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Table 3-12. Mapping Mail Survey Questions 
to the Study’s 'Research Questions

R E S E A R C H  Q U E S T I O N S

S U R V E Y  Q U E S T I O N S

| I 
|  N e t w o r k  

U s e ?

II
N e t w o r k  

S u p p o r t  o f  

W o r k *

U l

F a c t o r s

X e l a t e d

t o

N e t  U s e ?

IV
I m p a c t s  o f  

N e t w o r k  

U s e ?

O t h e r  

B a c k g r o u n d  

D a t a ;  D a t a  

f o r  F u t u r e  

U s e

O v e r a l l  I m p a c t  ( q  1 )
•

E x t e n t  o f  n e t  u s e  i t  w o r k p l a c e  ( q 2 3 «

D e g r e e  o f  c o m p u t e r  u s e  ( q 3 )
•  • •

D e g r e e  o f  n e t w o r k  u s e  ( q O
•

M a t r i x :  a v a i l a b i l i t y ,  v a l u e ;  l o c a t i o n  o f  u s e  o f  

v a r i o u s  t y p e s  o f  n e t w o r k s  ( q S )

• •

M a t r i x :  u s e  a n d  v a l u e  o f  n e t  a c c e s s  t o  h u m a n  

a n d  I n f o r m a t i o n  r e s o u r c e s  ( q 6 )

• • •

M a t r i x :  u s e  a n d  v a l u e  o f  n e t  a p p l i c a t i o n s  ( q 7 ) • • •

C r i t i c a l  i n c i d e n t :  t a s k  p e r f o r m e d  ( q 8 )
•

T a s k  d e s c r i p t i o n  ( q 9 )
•

N o .  o f  p e o p l e  I n v o l v e  I n  t a s k  ( q l l )
•

G e o g r a p h i c  s p a n  o f  t a s k  ( q l l )
•

O r g a n i z a t i o n a l  s p a n  o f  t a s k  ( q l 2 ) •

D i s c o v e r y  o f  n e w  r e s o u r c e s  i n  d o i n g  t a s k  ( q l 3 ) •

T w o  c h a n n e l s  u s e d  i n  p e r f o r m i n g  t a s k  ( q l 4 )
•

M a i n  r e a s o n  f o r  c h a n n e l  c h o i c e  ( q l 5 ) •

l o b  c a t e g o r y  ( q l 6 ) •

A e r o s p a c e  b r a n c h  ( q l 7 ) •

B a r r i e r s  t o  n e t  u s e  ( q l 8 ) •

F a c t o r s  e n c o u r a g i n g  n e t  u s e  ( q l 9 ) •

M a t r i x :  c h a r a c t e r i s t i c s  o f  w o r k ,  n e t w o r k  

e n v i r o n m e n t  ( q 2 0 )

•

M a t r i x :  I m p a c t s  o f  c o m p u t e r  n e t w o r k s  ( q 2 I ) •

G e n d e r  < q 2 2 >
•

A g e  ( q 2 3 ) •

H i g h e s t  d e g r e e  o b t a i n e d  ( q 2 4 ) •

Y e a r s  o f  p r o f e s s i o n a l  a e t o s p a o e  w o r k  ( q 2 S ) •

O r g a n i z a t i o n  t y p e  ( q 2 6 ) •

N o .  o f  e m p l o y e e s  i n  d e p t ,  d i v „  o r g „  e t c .  ( q 2 7 ) •

P r i m a r y  j o b  f u n c t i o n  ( q 2 8 ) •

C u r r e n t  j o b  t i t l e  ( q 2 9 ) •

D e g r e e  o f  c o m p u t e r  w o r k  ( q 3 0 ) •

N e t w o r k  I m p a c t s  ( q 3 1 ) •

O t h e r  c o m m e n t s  ( q 3 2 ) •

A g r e e  t o  p a r t i c .  I n  f u r t h e r  r e s e a r c h  ( q 3 3 ) •
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prelim inary  sense of the degree of netw ork use in  the aerospace com m unity so tha t the size of 

various d a ta  g roup ings expected to resu lt in  the mail survey could be estim ated . Frequency 

coun ts for the te lephone survey responses to these questions w ere generated  (see Table 3-6). 

They can b e  com pared to the m ail survey results, in  order to triangulate the data.

The second research question  asks: What work tasks and communication activities do 

aerospace engineers use networks to support? This research question w as answ ered  prim arily  by 

perform ing  sim ple statistical analyses of descrip tive data collected in  the m ail survey . The 

question w as answ ered in gross term s by perform ing a cross-tabulation of netw ork use d a ta  with 

precoded responses to questions on, for exam ple, job type (e.g., engineer, scientist, m anager, 

technician), prim ary job function (e.g., research, advanced or applied  developm ent,m arketing), 

an d  principal aerospace subfield (e.g., propulsion , structures, aerodynam ics). T hese gross 

categorizations, how ever, only suggest the w ork tasks and com m unication activities tha t m ight 

be perform ed w ithin them . O ne m ight infer, in  other w ords, from  descriptions in the literature 

or by referring to the interview  data, that engineers engaged prim arily in m anagem ent perform  

certain tasks. M ore specific answ ers to this research question w ere ob ta ined  by  ask ing  mail 

survey respondents to  identify the extent to which netw orks w ere used to access various task- 

and  com m unication-related w ork resources. In addition, the mail survey collected d a ta  from 

ind iv iduals on the relative use of netw orks (com pared to o ther com m unication  channels) to 

perform  specific w ork tasks and  com m unication activities, obtained by cross-tabulating  each 

precoded task category w ith each precoded channel category. Reported in the findings are the 

percent of responden ts who used each channel a t all, the percent w ho used  each channel for 

each task , and  the  percent w ho used  n e tw o rk -a s  opposed to non-netw ork  ch a n n e ls -fo r  

perform ing a particu lar task.

Subjects w ho participated in the initial and prim ary site v is its /in te rv iew s w ere asked 

to describe the m ajor activities that m ake up  their typical w ork week. Their responses w ere 

review ed to generate user-based term s for w ork tasks and com m unication activities th a t were
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u sed  as  p recoded  response  categories in  the m ail survey. The open-ended , anecdotal site 

v is it/in te rv iew  data  on  the use of electronic netw orks to perform  w ork tasks an d  com m unication 

activities w ere  also used to  answ er the second research question directly . Selected anecdotal 

resp o n ses are rep o rted  in  the s tudy  resu lts to com plem ent th e  repo rted  m ail su rvey  data, 

p rov id ing  greater richness than could be achieved by the reporting o f sim ple num eric sum m aries 

o f p recoded  responses. Telephone survey data on the purpose of netw ork  com m unication (see 

Table 3-7) can also be used to  triangulate study results related to netw ork use an d  w ork tasks.

The th ird  research question  asks: What work-related factors are associated w ith the 

use o f computer networks by aerospace engineers? The mail survey collected d a ta  on the use of 

various netw ork  types, app lications and  channels, as a m eans of answ ering  th e  first research 

question . These data  w ere cross-tabulated w ith precoded responses to mail survey item s that 

describe ind iv iduals, the ir w ork, and  their organizations (e.g., job type, b ran ch  of aerospace, 

o rgan ization  size, geographic span of task), in o rder to  explore possib le rela tionsh ips betw een 

aspects of w ork and netw ork use. Correlating these responses w ith responses regarding netw ork 

use reveals w hether these characteristics are  related to netw ork use, a lthough  the su rvey  data 

can  n o t be used  to es tab lish  causal relationships. A nother m echanism  for exp lo ring  the 

re la tionsh ip  betw een netw ork  use and various w ork-related factors involved cross-tabulating 

m ail su rv ey  responses re la ted  to o n e 's  w ork an d  ne tw ork ing  e n v iro n m en t (in  the  q20 

questionnaire m atrix) w ith q4 responses, which distinguishes netw ork users from  nonusers. The 

conten t analysis of q l8  and q l9  on perceived barriers to, and factors that encourage, netw ork use 

a lso  revealed  responden ts ' view s of factors associated w ith netw ork  use . Finally, resu lts 

related  to the prim ary  reasons that netw ork com m unication channels w ere used, as opposed to 

o the r channels (ql5), in perform ing a particular w ork task, are also reported.

The in terv iew  d a ta  w ere review ed in o rd er to both suggest w hich w ork  factors to 

explore in  the m ail survey, and to determ ine how  such questions and response categories should 

be w orded  in o rder to m axim ize clarity. Once again, selected interview  data  a re  also reported
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in  the  s tudy 's  findings in  o rd er to com pare and increase the richness of resu lts related  to this 

research question.

The fourth  research question asks: What is the impact of network use on aerospace 

engineering work and communication? This question w as answ ered  by  the m ail survey  in 

several ways:

• By the in terpretation  of the usage data  collected in  the survey, i.e., by  reporting  degree 
of netw ork use, according to how m any and w hat kinds of people use particular k inds of 
netw orks an d  netw ork applications.

• From the analysis of specific w ork incidents by com paring d ifferent channels according 
to p artn er characteristics and com m unication purpose. Im pact assessed w ould  be the 
degree to w hich netw orks allow  com m unication w ith different types or m ore d istan t 
people (i.e., changes in o rganizational com m unication patterns) an d  th e  degree  to 
w hich netw orks a re  used to su p p o rt particu lar w ork tasks. Channel substitu tion  is 
suggested by  com paring netw ork users to nonusers (e.g., if nonusers m ostly  use p rin t 
com m unication for adm inistrative tasks, w hereas people who d o  use netw orks use them  
for m any ad m in istra tiv e  tasks, it m ay be th a t for ad m in is tra tiv e  tasks, com puter 
com munication m ight be a good substitute for w ritten communication).

• From  the  analysis o f pre-coded responses in the  m atrix  (q21) rela ted  to  perceived 
effects of netw orks on various aspects of work.

• From the analysis of respondents’ ratings of the perceived value of particu lar netw ork 
types, applications, and network access to various w ork resources.

• From the content analysis of open-ended responses in (q31) on the perceived im pact of 
networks on aerospace work and communication.

As in  the previous two research questions, the prim ary site v isit/in terv iew  data  w ere analyzed 

in  several w ays in o rder to m ake them  helpful in answ ering this research question. Interview  

subjects' responses to open-ended questions about perceived im pact w ere integrated into a  single 

lis t o f suggested im pacts. These responses were com pared, in a general w ay, to responses 

provided  in  the mail survey, to triangulate study data.

In the in terpretation  of results obtained from  th is study, it is im portan t to consider the 

tim e fram e of the research. Data were collected over a period of tim e (1991-1993) du rin g  and 

a fte r  w hich  co m p u tin g  an d  com m unications techno log ies have  evolved  co nsiderab ly .
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O bviously, reports of extent and  nature of netw ork use, as well as factors and  im pacts associated 

w ith netw ork  use, should be viewed w ith in  the appropria te  historical context. The s ta te  of 

netw ork ing  applications, costs, and policies during  this period of tim e (as described by both 

study  respondents and other sources) should be borne in m ind w hen in terpreting  results related 

to the study 's  research questions.

The im pact of the lapse of tim e betw een the s tu d y 's  telephone survey and  prim ary  

interview s (conducted in sum m er 1991) and its final mail survey (conducted in spring  1993) on 

the analysis of study results should also be considered. Because the stu d y 's  research questions 

are  prim arily  answ ered by results obtained in the mail survey, there is little  d an g e r in  the 

incorporation into the general reporting of findings of results obtained in  the telephone survey 

and  interview s, w hich w ere conducted 1 1 / 2  years earlier. The telephone survey  resu lts on 

extent of netw ork use are used to assist in validating mail survey results, and the tim e lapse is 

taken in to  account (i.e., it is assum ed that netw ork use w ould have increased som ew hat du ring  

tha t tim e). Site v is it/in te rv iew  resu lts are also used  to  help  validate  su rvey  resu lts . In 

ad d itio n , they p ro v id e  a source of anecdotal data  an d  a sense of the ac tua l physical 

env ironm ent of aerospace engineers that could not obtained be obtained in the mail survey. 

There is no reason to believe that critical changes in the natu re  of engineering w ork and  work 

settings have occurred between the tim es w hen the interviews and mail survey were conducted.

The anecdotal data from  the interview s are reported separately from  survey resu lts so, 

again, the reader can m ake judicious use of the interview  data, keeping the tim e lapse in  m ind. 

In fact, because of the way the data are used in this study, the tim e lapse does not appear to be 

a significant problem . For exam ple, responses to the "M essage A nalysis" portion  of the 

in terview s revealed that engineers used netw orks to send m essages w hen they knew  th a t the 

in tended  recipient w as a frequent user of em ail and was unlikely to be easily reached w ith  a 

phone call. Mail survey questions related to reasons for netw ork use w ere fram ed differently, so 

the in terview  data prov ide results from a slightly different perspective w hich, nonetheless,
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corroborate open-ended survey com m ents that increased efficiency in  com m unication encourages 

n e tw ork  u se  an d  th a t the lack of a critical m ass of netw ork  users d iscou rages use. The 

com parison of the tw o sets o f results is valid because they are used to form , generally , a m ore 

com plete p ic tu re  of factors affecting netw ork use and  because there is no reason  to th ink  that 

w orkplace conditions have changed so dram atically  tha t the earlier responses a re  no  longer 

re lev an t.

Telephone survey an d  interview  results w ere prim arily  used  to develop  questions and 

response categories tha t w ould  accurately reflect the experiences, interests, an d  vocabulary of 

aerospace engineers. Thus, the tim e lag between the data  collection activities could in troduce a 

w eakness in  the m ail su rvey  if the phenom ena of in terest in  the  s tu d y —e.g., w ork  tasks, 

com m unication activities, netw ork  uses—or the vocabulary of aerospace eng ineers changed 

dram atically  du ring  that tim e period. There is no reason to believe that the  types of activities 

engaged in by engineers have undergone significant changes, o r tha t the vocabulary  used  by 

engineers to describe those activities has changed, to the extent tha t the m ail questionnaire 

w ould no longer be com prehensible to m em bers of the aerospace com m unity. Further, netw ork 

uses w ere phrased in a generic fashion (e.g., "transferring data between com puters") th roughout 

the study, to account for specific technology or vocabulary variations. The survey  w as pretested 

in the fall of 1992, an d  no critical problem s w ith question w ord ing  or the ran g e  o f response 

categories w ere uncovered a t that time. Finally, the mail survey allow ed open-ended  responses 

for ques tions re la ting  to netw ork  use, w ork tasks an d  com m unication  ac tiv ities, factors 

associated w ith  netw ork  use, and im pacts of netw ork use. This m itigates the th rea t to  the 

validity  of survey results in that respondents were free to reply in  any m anner they desired if 

survey questions or response categories inadequately reflected their vocabulary or experiences.
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3.5. Summary

This ch ap te r d iscussed  th is study 's  research  questions and  described  the p la n  for 

collecting em pirical d a ta  to answ er them. It outlined the study 's research design  and  m ethods 

and  explained the rationale beh ind  them . The study  collected da ta  that describe an d  explore 

the use of electronic netw orks by a broad range of aerospace engineers. A n im portan t strength  of 

the  s tu d y  is its  reliance on m u ltip le  data  collection activ ities: site v is i ts /in te rv ie w s , a 

national te lephone survey , and  a national m ail survey. O ne benefit of p reced ing  th e  mail 

survey  w ith  m ore qualita tive approaches to data collection is that the qualita tive  d a ta  can be 

used to im prove the structu re and  content of the survey questions by m aking  them  clearer and 

m ore ap p ro p ria te  to the  particu lar g roup  being studied. The use of m u ltip le  da ta  collection 

techn iques is also  beneficia l because  it  a llow s a varie ty  of d a ta , b o th  q u a lita tiv e  and  

quantita tive, to  be collected and  com pared. Interviews are best for p rov id ing  qualita tive data 

useful in  un d erstan d in g  the m eaning  of complex and new  phenom ena. Surveys, on  the  other 

han d , p ro v id e  the m ore efficient m eans of collecting data from  a large n u m b er o f w idely 

d ispersed  people. G iven the study 's goals and conceptual fram ew ork, bo th  o f these goals are 

im portan t. This chap ter also suggested  how  concerns related to reliability  and valid ity  are 

ad d re ssed  in  the  research . An overv iew  of the p lan  for ana lyz ing  th e  s tu d y  d a ta  w as 

presented .

C om puter netw orks have the potential to im prove the efficiency an d  effectiveness of 

aerospace eng ineering  w ork  and com m unication, thus im prov ing  the q u a lity  of aerospace 

products and reducing the tim e needed to bring them  to market. But such im provem ents will not 

be felt un less netw ork ing  is better understood  from  the perspective of aerospace engineers 

them selves. Few em pirical stud ies o f the use of electronic netw orks in  eng ineering  contexts 

have been undertaken . N o stud ies exist that take a cross-organizational, user-based approach 

in investigating links betw een netw ork use, engineering work, and engineering com m unication. 

This study  hopes to fill this gap. It aim s to collect data that can lead to th e  developm ent of
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m ore effective netw orking  system s and services and  tha t can be used  by policym akers, a t both 

th e  o rg an iz a tio n a l an d  n a tio n al levels, to estim ate  an d  u n d e rs ta n d  the im pacts th a t 

netw orking investm ents and policy decisions are likely to produce.
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CHAPTER 4: STUDY RESULTS

4.1. Introduction

The success of institutional networking endeavors m eant to enhance engineering w o rk -  

an d  national efforts, such as those associated w ith  the N ational R esearch and  Education  

N etw ork  (NREN) or, m ore b road ly , the N ational Inform ation In frastru c tu re  (N il)—will 

depend  on the developm ent of netw ork features, policies, and support p rogram s tha t a re  based 

on solid know ledge of users' needs and habits and on substantiated links betw een netw ork  use 

and  engineering outcomes. But little empirical inform ation has been gathered  that can be used 

to help  in  un d erstan d in g  the im pact of netw orking investm ents, designs, and  policies on 

engineering work. The extent of com puter netw ork use across different types of engineering 

o rgan izations is also largely unknow n. Thus, m any m ajor investm ent, design , and  policy 

decisions are being m ade solely on the basis of educated guesses about the curren t use of networks 

and the assum ed contribution of networking to the scientific and technical enterprise.

In o rd er to  help  rem edy  th is situation , the researcher u n d e rto o k  an  em pirical 

investigation of com puter netw orking in engineering that collected data from the netw ork  user's 

po in t of view. The study’s aim w as to describe and explore the use of electronic netw orks by one 

particular, though extremely heterogeneous, group: aerospace engineers. It focused on the way 

th a t netw orks are  curren tly  used by aerospace engineers to facilitate com m unication  and 

otherw ise assist in  the perform ance of work tasks. The study  w as g u ided  by the follow ing 

research questions:

1) W hat types of com puter networks and netw ork applications a re  currently  used 
by aerospace engineers?

2) W hat w ork tasks and  com m unication activities do  aerospace engineers use 
com puter networks to support?

3) W hat work-related factors are associated w ith the use of com puter netw orks by 
aerospace engineers?
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4) W hat are the im pacts of netw ork use on  aerospace eng ineering  w ork  and  
communication?

In o rd er to include study  participants representing a w ide range of w ork  an d  com m unication 

activ ities and  to look a t as m any aspects o f the aerospace industry  as  possib le, "aerospace 

en g ineer” w as in te rp re ted  very  broadly. It included people engaged  in  all phases o f the 

developm ent and  production  of m ilitary and  commercial aeronautical o r aerospace equipm ent 

and processes.

This chapter p resen ts selected results from this em pirical investigation into the u se  of 

com puter netw orks in  aerospace engineering. Results presented here w ere gathered  prim arily 

in  the  s tudy 's  final data collection activity: a national mail survey, conducted  in  Spring 1993, 

tha t w as d istribu ted  to aerospace engineers em ployed in  a w ide variety of jobs. M ail survey 

resu lts are supp lem ented  by d a ta  gathered  in the s tu d y 's  telephone su rvey  an d  p rim ary  site 

v isits/in terv iew s. These resu lts enrich and  triangulate the mail survey data. Results from  this 

research provide a  snapshot of the current use of com puter networks in the aerospace industry , 

suggest factors associated w ith  the use o f netw orks, and identify  im pacts of netw orks on 

aerospace engineering w ork and communication.

Given the s tu d y 's  exploratory and descriptive purposes, results are prim arily  presented 

w ith sim ple descrip tive sum m aries, in quantitative and qualitative form s. In som e instances— 

such as w hen exam ining differences betw een netw ork users and  nonusers—sim ple statistical 

analyses (e.g., C hi-squares and hypothesis tests of the difference betw een proportions) are used 

to es tablish  the degree  to w hich differences are statistically  significant. T h ro u g h o u t this 

chapter, the num bers of the survey questions on which the results u nder d iscussion are based are 

noted . M ost m ail survey  data  are presented  as the percentage of responden ts w ho supplied  

particu lar answ ers, rounded  u p  to the nearest whole percentage point. The total num ber of 

valid survey responses received was 950 (for an adjusted response rate of 51 %; the base num ber
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of responden ts answ ering  each survey question varies som ew hat and  is reported  th roughout. 

R eported percentages are, for the m ost part, calculated on the base num ber of responses for each 

d a ta  elem ent. W here significant cases of m issing data occur, these are reported  and  explained 

along w ith  the resu lts  for each question. For a copy of the  questionnaire  from  w hich mail 

survey results a re  d raw n, see A ppendix E.

4.2. Respondent Characteristics

As is characteristic  of the aerospace in d u stry  in  th e  U.S., v irtua lly  all (97%) mail 

su rvey  resp o n d en ts  a re  m en, and  m ost p riv a te  sector responden ts  (68%) a re  em ployed  in 

o rg an iza tio n s w ith  a t least 1000 em ployees. M ost m ail su rvey  resp o n d en ts  a re  engaged 

prim arily  in  design  o r product engineering (23%), advanced or applied  developm ent (14%), or 

resea rch  (13%). G ro u p in g  to g e th er " in d u s tr ia l /m a n u fa c tu r in g  en g in ee rin g ,"  "quality  

c o n tro l/a ssu ra n c e ,"  "p roduction ,"  and  "serv ice /m a in ten an ce"  reveals  th a t a b o u t 15% of 

responden ts a re  involved in  the production end of the product developm ent cycle. The majority 

of re sp o n d e n ts  a re  em ployed  in  in d u stry  (54%) o r  governm en t (30%) se ttin g s. O ther 

characteristics of survey  respondents appear in Table 4-1.

In Table 4-1, the large num ber of "other" responses (42%) p rov ided  for "Branch of 

A erospace" deserves explanation. Perusing the text of these responses revealed th a t m any of 

them  represen ted  answ ers along other w ork dim ensions, such as em ploym ent sector (e.g., "US 

governm ent," "academ ic") or prim ary job function (e.g., "M anufacturing, "R&D," "Education"). 

O ther responses reported  m ore specific sub-branches of aerospace w ork (e.g., "Engine Test Cell 

C on tro l S ystem s," "F lu tter & v ibration"), an d  a few peop le  resp o n d ed  th a t th e ir  w ork 

encom passed a com bination of a num ber of the branches of aerospace listed.
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Table 4-1. Characteristics of Mail Survey Respondentsa

Characteristics R esp on dents
o m

Gender

Male

Female

902

27

(97)

(3 )

Age
20-29 yrs. 

30-39  

40-49  

50-59  

60+

Geographic Distribution 

California 

Ohio 

Texas 

Virginia 

New York 

Washington 

Pennsylvania 

Illinois 

Kansas 

Arizona 

Maryland 

Connecticut 

Michigan 

New Jersey 

Florida 

Georgia 

Other

27

214

213

279

161

240

80

71

54

42

39

33

27

26

25

23

22
22
22
21

21

768

3)

24)

24)

32)

17)

25)

8)

7)

6)

4)

4)

3)

3)

3)

3)

2)

2)

2)

2)

2)

2)

20)

a Base varies, according to number of respondents who did not answer, or supplied an unusable answer to, 
each question: Gender = 929; Age = 894; Geographic distribution = 950.
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Table 4-1. Characteristics of Mail Survey Respondentsa 
(Cont’d)

Characteristics Respondents
o m

Employment Sector

Industry/manufacturing 505 (54)

Government 282 (30)

Academic 52 ( 6)

Not-for-profit 18 (2 )

Retired or not employed 17 (2 )

Other 54 ( 6)

Size of Parent Organization (if private sector business)

1-99 employees 97 (13)

100-499 97 (13)

500-999 40 ( 6)

1000-4999 153 (21)

5000-9995 74 (10)

9996+ 266 (37)

Job Type (self-identified)

Engineer 428 (46)

Manager 362 (39)

Scientist 48 ( 5)

Other 95 (10)

a Base varies, according to number of respondents who did not answer, or supplied an unusable answer to, 
each question: Employment sector = 928; Size of parent organization = 732; Job type = 933.
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Table 4-1. Characteristics of Mail Survey R e sp o n d e n tsa  
(Cont’d)

Characteristics R espondents
n ca

Branch of Aerospace (self-identified)

Aerodynamics 56 (6 )

Structures 105 (12)

Propulsion 84 (9 )

Flight Dynamics & Control 51 (5 )

Avionics 107 (12)

Materials & Processes 131 (14)

Other 390 (42)

Primary Job Function (self-identified)

Administration 88 (10)

Research 115 (13)

Advanced/Applied Development 124 (14)

Design/Product Engineering 212 (23)

Industrial/Manufacturing Engineering 58 (6 )

Quality Control/Assurance 54 (6 )

Production 5 ( D

Sales/Marketing or Service/Maintenance 74 (8 )

Information Processing/Programming 36 (3 )

Teaching/Training 48 (5 )

Other 106 (12)

a Base varies, according to number of respondents who did not answer, or supplied an unusable answer to, 
each question: Branch of aerospace = 924; Primary job function = 920.
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4.3. Extent of Network Use in the Aerospace Industry 

43.1 Introduction

This s tu d y 's  first research question asks "W hat types of com puter netw orks and  netw ork 

app lica tions a re  cu rren tly  used by aerospace engineers?" This section p resen ts da ta  o n  the 

degree to  w hich netw orking  is used in  the aerospace industry, in general, and also on the extent 

of use of various types of com puter netw orks and  netw orking applications. Results presented 

here  are derived  prim arily  from the study 's  national mail survey, although com parisons with 

d a ta  from  th e  p relim inary  telephone survey (conducted abou t 1 1 / 2  years before th e  mail 

survey) are also  offered.

4 3 3 . General Extent of Use

In general, m ail survey results pain t a picture of w idespread  use of electronic netw orks 

in aerospace engineering. The majority of the 893 respondents to the question "Do you ever use 

any  kind of com puter netw ork in your work?" (q.4) reported that they personally  used netw orks 

(74%), w hile 11% used  netw orks th rough  some kind of in term ediary , such as a secretary or a 

librarian. Only 15% declared that they never used any  kind of com puter netw ork in their work 

(w he ther linked w orksta tions w ithin an organization , a persona l com puter connected  to a 

p r in te r  d o w n  th e  hall o r a supercom puter across the coun try , o r a d ia l-u p  link  o r d irect 

connection  to  the In ternet). In in te rp re ting  these figures, how ever, it should  p robably  be 

assum ed that results are slightly biased in favor of netw ork use. (I.e., because of the length and 

topic of the survey, it is likely that potential respondents who d id  no t use com puter netw orks at 

all w ould  be less inclined to com plete and return  the questionnaire... even though  the cover 

le tter em phasized the im portance of the responses of nonusers.) O ne survey question attem pted 

to  p u t th is potential bias in perspective by asking respondents to describe not their personal use, 

b u t the general use of com puter netw orks in their workplace. These results suggest, in fact, a 

sim ilar h igh level of use. In describing the extent o f com puter netw orking a t their workplace,
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40% of respondents reported  that "Networks are used by m ost people; m any tools are available 

on  netw orks; m ost com puter system s are linked together by a netw ork; and  netw ork  u se  is 

requ ired  or strongly  encouraged" (q.2). A slightly h igher p roportion  (48%) characterized the 

extent of netw orking a t their workplace as use by "som e" people, and  only 7% reported  use by 

"few " people w ith  "little" organizational encouragem ent or even d iscouragem ent of netw ork 

use.

Telephone survey results on extent of netw ork use are fairly sim ilar to the  m ail survey 

results. Only 7% of telephone survey respondents w ith access to netw orks claim ed to  never use 

them , b u t 17% of all respondents claim ed that no netw orks w ere available to them , m eaning 

th a t abou t 23% of telephone survey respondents can be considered nonusers, com pared  to the 

approxim ately  15% of m ail survey respondents claim ing to be nonusers o f netw orks. The 

difference betw een the tw o figures m ight be explained by the passage of about eighteen m onths 

betw een the two surveys, o r by the assum ed underrepresentation of nonusers in the mail survey 

noted above.

Mail survey respondents who used com puter networks also provided an  estim ate of the 

percent o f their typical w ork  week that they spent using com puter netw orks. A lthough the 

intensity  of netw ork  use varies across respondents, as Table 4-2 show s, alm ost a th ird  of those 

using netw orks do  so for less than five percent of their typical w ork week, while only about ten 

percent reported spending m ore than 50% of their w ork week in netw ork use. Telephone survey 

resu lts, again, a re  qu ite  sim ilar (see Table 3-6), w ith  21% of u se rs  claim ing to have used 

netw orks for 0-4% of their last w ork week, and 13% claim ing to have used netw orks for at least 

50% of their last w ork week.

4.3.3. Availability and Use of Different Types of Networks

R espondents also reported  on availability and use of d ifferen t types o f netw orks (see 

Table 4-3). It appears as if those netw orks p rov id ing  access to the  b roadest range of o ther
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Table 4-2. Intensity of Computer Network Usea

% of Typical Work Week Respondents
Spent Using Networks d (2S

0-5 233 (31)

6-10 168 (22)

11-25 157 (21)

26-50 126 (17)

51-100 69 ( 9)

a Base >> 754. From the total 950 survey respondents, 196 were removed from the analysis of this question: 
135 who reported in the previous question that they never used networks; 2 who answered “don't know,” and 
59 who did not supply any answer to this question.

people and  resources are  least likely to be available a t the aerospace engineering workplace. 

C om puters connected to commercial netw orks that link users to people, tools, or inform ation 

o u ts id e  of the ir ow n  o rg an iz a tio n -su c h  as C o m p u S erv e -a re  ava ilab le  to  the  sm allest 

percentage of respondents (about 30%); 50% have access to an external research netw ork such as 

the Internet; 74% reported that they were connected to an  organizational netw ork that linked 

them  to resources beyond one w orkplace building; and 85% reported  access to a local area 

netw ork  tha t connected them  to people and resources w ithin one w orkplace building. On the 

o ther hand , responden ts w ere abou t equally likely to use any type of netw ork  available to 

them. Between 85% and 91% of respondents reportedly used each type of available netw ork. 

Thus, it appears tha t lack of use of broader scope netw orks is d u e  to lack of availability, not 

lack of perceived utility. The final column in Table 4-3 reveals the percentage of all survey 

respondents w ho reportedly used each type of com puter network.
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Table 4-3. 
Availability and Use of Different Types of Networks

Reported Reported Use Repotted Use
Availability a (if Available^ (All Respondents)0

n c a n m m
N E T W O R K  T Y P E

Local 761 (85) 690 (91) (77)

Organizational 667 (74) 595 (89) (66)

External/Research 439 (50) 385 (88) (44)

External/Commercial 259 (30) 220 (85) (26)

a Base varies according to number of individuals who did not answer questions on network availability for 
each network type: Local -  893; Organizational » 900; External/Research -  884; External/Commercial» 
855.

b Reported use was derived by calculating the number of individuals who reported using each type of 
network by checking off any of the locations of use listed in the q. 5 matrix: wotk, home, or “other." 
Percentage figures for “Reported Use" are based on the number of respondents who reported that each 
network type was available to them.

c Percentage is based on the base n for each network type

M ail survey  responden ts also reported  the locations of their use of each type of 

netw ork. Overall, abou t 60% of respondents used com puter netw orks a t work, w hile only about 

12% reported  use at home, and about 3% reported using any of the netw ork types a t som e other 

location . O f the various types of netw orks, ex tern a l/co m m erc ia l n e tw o rk s  w ere, no t 

surprisingly, m ost likely to be used a t home. It appears that few people access organizational 

or research netw orks from home; this may be d u e  to the lack of netw ork connectivity at hom e or 

to institutional prohibitions against logging into workplace accounts from home.
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4.3.4. Availability and Use of Network Applications

The m ail ques tio n n a ire  also asked responden ts to  describe av a ilab ility  an d  u se  of 

various types of com puter netw ork applications (see Table 4-4). File transfer w as the com puter 

n e tw o rk  ap p lica tio n  rep o rted ly  availab le to th e  g rea test percen t o f re sp o n d e n ts  (85%), 

follow ed by  electronic m ail (82%), accessing rem ote data  files (82%), rem ote  log-in to ru n  a 

com puter p rog ram  (80%), and  electronic bulletin boards o r conferencing system s (77%). These 

app lica tions w ere also  the netw ork  features m ost likely to  be used. Less availab le w ere 

app lica tions th a t su p p o rted  access to pub lished  litera tu re , such as  electron ic jou rna ls  or 

new sletters  (61%) o r on line  lib rary  catalog searching (62%). It should  be no ted  th a t these 

responses indicate a lack of perceived availability; som e aerospace eng ineers m ay sim ply not 

be aw are  th a t certain  applications are  available to them . As a po in t of general com parison 

w ith the penetration  of com puter netw orking applications in the w orkplace, 94% of respondents 

ind icated  th a t fax w as availab le in  their w orkplace, and 77% repo rted  the availab ility  of 

te lephone voice m ail. W here the degree of use of an available application  is com paratively 

low, barriers to use, lack of aw areness, or lack of need for particular applications presum ably  

exist. Again, as a po in t o f com parison, 96% of those respondents who had  access to  fax actually 

used it. The final co lum n in Table 4-4 portrays the percentage of all responden ts w ho reported 

u sing  each  app lica tion . W hile m ore than  tw o th irds of resp o n d en ts  u se  e-m ail and  file 

transfer, som ew hat m ore than half use  electronic bulletin b oards or rem ote access to com puters, 

abou t one th ird  u se  on line catalogs or bibliographic databases, and ab o u t one q u arte r use 

electronic journals o r new sletters. E-mail, file transfer, and in fo rm atio n /d a ta  access w ere also 

the th ree applications reported ly  m ost used by th is s tu d y 's  te lephone su rvey  responden ts (see 

Table 3-6).

Mail survey  respondents also reported the frequency w ith which they v.sed the various 

netw ork  applications. Table 4-5 sum m arizes responses by portray ing  the percen t of aerospace 

eng ineers w ho repo rted ly  used  each application  "daily ," "w eekly," o r "m onth ly  o r less."
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Table 4-4. Availability and Use of Network A p p lic a tio n

Reported Reported Use. Reported 
Availability If AYailabla All Respondents

N ETW O R K  A PPLIC A TIO N
Q m D m m

Transferring data or text files 
between computers

730 (85) 589 (81) (69)

Electronic mail 735 (82) 617 (84) (69)

Logging into a computer NOT on your 
desktop to access data or text files

708 (82) 513 (72) (59)

Logging into a computer NOT on 
your desktop to run a program 
(e.g., CAD/CAM, spreadsheet...)

697 (80) 495 (71) (57)

Electronic bulletin boards, mailing 
lists, discussion groups, computer 
conferencing

666 (77) 463 (70) (54)

Accessing or transferring images 619 (74) 346 (56) (41)

Real-time, interactive messaging 763 (70) 305 (51) (36)

Online bibliographic searching of 553 (66) 273 (49) (32)
commercial or govt, databases

Videoconferencing 550 (66) 243 (44) (29)

Computer-integrated manuf'g (CIM) 521 (63) 126 (24) (15)

Operation of computerized 513 (62) 140 (27) (17)
experimental, test, or production 
devices w/o being physically present

Online library card catalog searching 512 (62) 228 (57) (35)

Electronic journals or newsletters 498 (61) 204 (41) (25)

Electronic data interchange (EDI) 497 (61) 116 (23) (14)

a Base varies according to number of missing cases (“don't know" or not answered) for each application, 
from 56 individuals who did not answer the frequency of use question for e-mail to 139 who did not supply 
any use answer for EDI. Percentage figures are based on the base n for each application (thus, the 
availability or usage n for a particular application may be higher than that of another, yet the % lower). It 
appears that some respondents skipped questions about use for un-used applications, rather than 
checking appropriate columns to explicitly indicate lack of availability and use.
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Table 4-5. 
Frequency of Use of Network Applicationsa

REPORTED FREQUENCY OF USE

Datv Weekly Mo. or Less
n n  {%) n  (% )

NETWORK APPLICATION

Transferring data or text files 
between computers

199 (23) 199 (23) 191 (22)

Electronic mail 399 (45) 120 (13) 98 (11)

Logging into a computer NOT on your 
desktop to access data or text files

198 (23) 148 (17) 167 (19)

Logging into a computer NOT on 
your desktop to run a program 
(e.g., CAD/CAM, spreadsheet...)

197 (23) 141 (16) 157 (18)

Electronic bulletin boards, mailing 
lists, discussion groups, computer 
conferencing

151 (18) 139 (16) 173 (20)

Accessing or transferring images 80 (10) 103 (12) 163 (20)

Real-time, interactive messaging 115 (14) 54 ( 6) 202 (24)

Online bibliographic searching of 
commercial or govt, databases

23 (3 ) 48 ( 6) 202 (24)

Videoconferencing 8 ( 1) 29 ( 4) 206 (25)

Computer-integrated manuf’g (CIM) 52 (6 ) 26 ( 3) 48 ( 6)

Operation of computerized 
experimental, test, or production 
devices w/o being physically present

35 (4 ) 36 ( 4) 69 ( 8)

Online library card catalog searching 22 (3 ) 47 ( 6) 159 (19)

Electronic journals or newsletters 36 (4 ) 55 ( 7) 113 (14)

Electronic data interchange (EDI) 25 (3 ) 40 (5 ) 51 ( 6)

3 Base varies according to the number of missing cases ("don't know" or not answered) for each application, 
from 56 individuals who did not answer the frequency of use question for e-mail to139 who did not supply any 
use answer for EDI. Percentage figures are based on the base n for each application (thus, the availability 
or usage n for a  particular application may be higher than that of another, yet the % lower). It appears that 
some respondents skipped questions about use for un-used applications, rather than checking appropriate 
columns to explicitly indicate lack of availability and use. Row percentages do not add to 100, because 
"Application not available," and “Never" responses are not reported in this table.
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Daily use of e-m ail w as about double the daily  use of o ther frequently used  applications (file 

transfe r, rem o te  log-in, and  electronic b u lle tin  boards). F urther, e-m ail w as the  only 

application  for w hich daily  use was far m ore prevalent than  weekly or m onthly use. Am ongst 

u se rs of each application , use of file transfer, rem ote log-in, bulletin  boards, CIM, rem ote 

o p era tion  of devices, and  EDI w as d iv ided  fairly  equally  am ong "daily ," "w eekly ," and  

"m on th ly  o r less." A t the  o ther extrem e, im age transfer, in teractive m essaging, online 

search ing  of b ib liographic databases and  card  catalogs, v ideoconferencing, and  electronic 

journals w ere used "m onthly o r less" by m ost people who used those applications a t all.

4.3.5. Sum m ary: Extent of N etw ork Use in  the Aerospace Industry

S tudy resu lts indicate that, in the aerospace industry , com puter netw orks a re  used by 

the m ajority  of engineers, a lthough intensity of use varies substantially . N etw orks currently  

p rov ide g rea ter in ternal than  external connectivity. File transfer, e-m ail, rem ote log-in, and 

bu lle tin  bo ard s a re  the applications cited by survey responden ts as both m ost available and 

m ost used. This suggests that interpersonal com m unication, sending and receiving inform ation, 

and  access to  rem ote com puters and da ta  stores a re  the m ost w idespread  and  im portan t 

functional uses of com puter netw orks by aerospace engineers. The next section of this chapter 

addresses the natu re  of netw ork use m ore directly, forging a closer link betw een purpose of 

netw orking and  aerospace work and communication.

4.4. Nature of Network Use in Aerospace Work and Communication 

4.4.1. In troduction

T his s tu d y 's  second research question asks "W hat w ork tasks and  com m unication  

activities d o  aerospace engineers use electronic netw orks to  support?" Data to answ er this 

question w ere collected in the mail survey by eliciting reports of the extent to w hich com puter
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netw orks w ere  used to access various w ork  resources (q.6). A nother relevant section of the 

su rv ey  (q.8-15) u sed  the  critical inc iden t technique to  gather in fo rm ation  from  aerospace 

engineers ab o u t an  im portan t w ork task  perform ed recently and  th e  extent to  w hich  various 

com m unication channels—including com puter netw orks-w ere used in  perform ing th a t task.

4.42 . N etw ork  Access to W ork Resources

Mail survey respondents w ere asked to describe their use of various w ork resources (q.6). 

Table 4-6 rep o rts  the extent to w hich aerospace engineers com m unicate w ith  various k inds of 

people in  the  course of their work, as  w ell as  the availability of netw ork  access to  them  (those 

hum an resources accessible to the greatest num ber of survey respondents via netw orks are listed 

first). R esults indicate tha t people w ithin one's ow n organization a re  m uch m ore likely to be 

contacted in  the  course of perform ing aerospace w ork than are people in  other organizations.

Electronic access to o ther people appears qu ite  com m on in th e  aerospace industry , b u t 

m ore resp o n d en ts  (about 85%) w ere able to com m unicate electronically w ith  peop le  w ith in  

their ow n organization  than w ith people in other organizations. This finding co rresponds w ith 

the g rea ter availab ility  of local and organizational netw orks repo rted  above. P riva te  sector 

colleagues or associates w ere least likely to be accessible over the netw ork , w ith  betw een 61% 

and  66% of responden ts reporting  such access. This m ay reinforce the trad itional view  tha t 

in te rn a l com m unication  is generally  m ore com m on in eng ineering  w ork  th a n  is ex tra- 

organizational com m unication. On the other hand, the num ber of aerospace engineers w ho do  

have electronic access to various kinds of people ou tside their ow n organizations (betw een 67% 

and  80%) m ay su rp rise  those w ho though t tha t such links, at least in the p riv a te  sector, w ere 

still largely prohibited  due  to proprietary  and  security concerns.
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Table 4-6. 
Network Access to Human Resources Used in Work

Availability of 
Resource Used Network Access to

UsaLBeswre
n m a nb

HUM AN R ESO U R CES

People in your workgroup or 
department

692 (73) 614 (89)

Other people in your 
organization 681 (72) 604 (89)

Colleagues in academia, government 395 (42) 318 (80)

Colleagues in private industry 387 (41) 283 (73)

External clients, customers, sponsors 358 (38) 251 (70)

External vendors, suppliers 364 (30) 245 (67)

a Respondents placed a  check mark next to each resource used in their work. Percentage is based on the 
total number of survey respondents (N=950).

b B ase varies according to number of missing cases  in reporting network access and use for each resource, 
from 154 missing c a se s  for “people in your workgroup or department" to 409 for “external clients, 
customers, sponsors." Respondents were instructed to skip items for un-used resources, hence the large 
number of missing cases. In this table, only the responses on network access of those people who 
checked that each resource was, in fact, used are reported.

c Percentage is based on the number of respondents who checked that each resource was, in fact, used.

As show n in Table 4-7, respondents reported a g reat deal o f d iversity  in  the ir use  of 

various engineering inform ation resources. The m ost com m only used  resources—directories of 

people and  draw ings or designs—were used by only about half of the respondents. O n the other 

hand , even the least used resou rce-lab  no tebooks-w as used by 16% of respondents. N etw ork
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Table 4-7. 
Network Access to Information Resources Used in Work

Availability of 
Resource Used Network Access to

Used Resource

IN FO R M A TIO N  RESO URCES n m * nb m c
Computer code or programs 405 (43) 341 (84)

Internal financial data 321 (34) 257 (80)

Production control data 246 (26) 197 (80)

Directories of people 464 (49) 357 (77)

Document citations, abstracts 399 (42) 298 (75)

Company newsletters, bulletins 420 (44) 3 t2 (74)

Drawings or designs 458 (48) 334 (73)

Experimental or test data 395 (42) 287 (73)

Training materials, tools, programs 340 (36) 247 (73)

Internal technical reports 439 (46) 308 (70)

Design change forms 238 (25) 165 (69)

Technical specifications 424 (45) 276 (65)

Codes of standards and practices 324 (34) 206 (64)

Product or materials characteristics 318 (34) 204 (64)

Equipment or procedures manuals 372 (39) 233 (63)

Lab notebooks 153 (16) 89 (58)

Journal, trade magazine articles 386 (41) 220 (57)

Manufacturers' or suppliers' catalogs 300 (32) 168 (56)

a Respondents placed a check mark next to each resource used in their work. Percentage is based on the 
total number of survey respondents (N-950).

b Base varies according to number of missing cases in reporting network access and use for each resource, 
from 486 missing cases for “directories of people" to 797 for “lab notebooks." Respondents were instructed 
to skip items for un-used resources, hence the large number of missing cases. In this table, only the 
responses on network access of those people who checked that each resource was, in fact, used are 
reported.

c Percentage is based on the number of respondents who checked that each resource was, in fact, used.
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access to  in fo rm ation  resources in  the aerospace in d u stry  appears  q u ite  p rev a len t (those 

resources reported  by the greatest num ber of responses as accessible via netw orks a re  listed 

first). The availability of netw ork access to inform ation resources used in w ork ranged  from a 

low  of 58% for lab notebooks to a h igh of 84% for com puter code and  program s. Inform ation 

resources to w hich a t least 70% of their users reportedly had netw orked access w ere internal 

financial data, production  control data, directories of people, docum ent citations and  abstracts, 

com pany new sletters and  bulletins, draw ings or designs, experim ental o r test d ata , and  training 

m a te r ia ls .

It is clear from  study  results that a w ide variety of w ork resources are  used by aerospace 

engineers and  that netw orked access to these resources is quite w idespread. But netw ork  access 

does not guaran tee netw ork use, w hen utilizing w ork resources. Reported next is the degree to 

w hich  aerospace engineers take advan tage of netw orked  access to  colleagues and  to  the 

inform ation resources they use in  their work. Use of com puter netw orks in  the perform ance of 

specific w ork  and com m unication tasks is also examined.

4.43. Use o f N etw orks in  Perform ing Work Tasks

A lthough netw orked access to hum an and inform ation resources appears to be quite 

p revalen t in  the aerospace industry , the actual use of netw orks to access w ork resources is far 

from  guaran teed . Tables 4-8 and 4-9 report the frequency w ith w hich aerospace engineers 

reported ly  use the netw ork access available to them  to connect to the people and  inform ation 

resources they need to  accom plish their work.

Table 4-8 describes the extent to w hich com puter netw orks a re  used by aerospace 

engineers to com m unicate w ith colleagues. The data reveal a clear trend: netw orks a re  less 

likely to be used  for com m unication w ith people ou tside of one 's  o rganization , even w hen 

n e tw o rk e d  access to  ex terna l peop le  is availab le . For ex ternal co lleagues, n e tw o rk  

com m unication w ith private sector colleagues is less likely than use of netw orks to com m unicate

220

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Table 4-8. 
Use of Computer Networks for Work Communications

FREQUENCY OF USE OF AVAILABLE NETWORK 
FOR ACCESSING RESOURCE

Usually Sometimes Rarelv Never

HUM AN R ESO U R C ES
D mb n (%)b O D (%)b

People in your workgroup or dep't. 240 (39) 226 (37) 90 (15) 58 ( 9)

Other people in your org’n. 213 (35) 263 (44) 75 (12) 53 (9 )

Colleagues in academia, gov't. 60 (19) 123 (39) 74 (23) 61 (19)

Colleagues in private industry 32 (11) 95 (34) 74 (26) 82 (29)

Ext'l. clients, customers, sponsors 30 (12) 73 (29) 67 (27) 81 (32)

Ext'l vendors, suppliers 25 (10) 73 (30) 49 (20) 98 (40)

a Base varies according to the number of missing cases (“don't know" or not answered) in reporting network 
use for each resource, from 154 missing cases for “people in your workgroup or department” to 409 for 
“external clients, customers, sponsors.” Respondents were instructed to skip items on network use for un­
used work resources, hence the large number of missing cases. In this table, only the responses on 
network use of those people who checked that each work resource was, in fact, used a re  reported.

b Percentage is based  on the total number of respondents reporting the availability of networked access  to 
each resource they actually used in their work. In other words, the number of missing ca se s  for the 
resources varies, and percentage figures exclude missing cases (“no network access” or not answered). 
Thus, the n for a particular resource may be higher than that of another, yet the % lower. Row percentages 
add to 100.
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Table 4-9.
Use of C om puter Networks to  A ccess Information R esourcesa

FREQUENCY OF USE OF AVAILABLE NETWORK  
FOR ACCESSING RESOURCE

Usually Sometimes Rarelv Never

D O m b n n Cfe)b

IN FO R M A TIO N  R ESO U R C ES

Computer code or programs 158 (46) 105 (31) 45 (13) 33 (10)

Internal financial data 108 (42) 75 (29) 37 (14) 37 (14)

Production control data 93 (47) 52 (26) 27 (14) 25 (13)

Directories of people 115 (32) 131 (37) 62 (17) 49 (14)

Document citations, abstracts 65 (22) 131 (44) 59 (20) 43 (14)

Company newsletters, bulletins 118 (38) 101 (32) 42 (14) 51 (16)

Drawings or designs 135 (40) 97 (29) 38 (11) 64 (19)

Experimental or test data 99 (35) 104 (36) 35 (12) 49 (17)

Training materials, tools, programs 56 (23) 92 (37) 43 (17) 56 (23)

Internal technical reports 68 (22) 115 (37) 60 (20) 65 (21)

Design change forms 56 (34) 45 (27) 24 (15) 40 (24)

Technical specifications 86 (31) 84 (30) 41 (15) 65 (24)

Codes of standards and practices 42 (20) 57 (28) 41 (20) 66 (32)

Product or materials characteristics 47 (23) 66 (32) 32 (16) 59 (29)

Equip’t. or procedures manuals 43 (19) 68 (29) 39 (17) 83 (36)

Lab notebooks 15 (17) 15 (17) 12 (14) 47 (53)

Journal, trade magazine articles 28 (13) 59 (27) 43 (20) 90 (41)

Manufacturers' or suppliers’ catalogs 20 (12) 25 (15) 27 (16) 96 (57)

a Base varies according to  number of missing cases ("don't know" or not answered) in reporting network use 
for each resource, from 486 for “directories of people” to 797 for “lab notebooks." Respondents were 
instructed to skip items on network use for un-used work resources, hence the large number of missing 
cases. In this table, only the responses on network use of those people who checked that each work 
resource was, in fact, used are reported.

b Percentage is based on the total number of respondents reporting the availability of networked access to 
each resource they actually used  in their work. In other words, the number of missing ca se s  for the 
resources varies, and percentage figures exclude missing cases (“no network access" or not answered). 
Thus, the n for a  particular resource may be higher than that of another, yet the % lower. Row percentages 
add to 100, except in cases  of rounding error.
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w ith colleagues in academ ia and governm ent. This trend appeared in the  telephone survey 

results as well; just over 75% of netw ork users com municated electronically w ith people in their 

ow n w orkgroup  or organization, while only about 50% com m unicated electronically w ith people 

ou tside the organization.

Mail survey resu lts further show that the use of com puter netw orks to com m unicate 

w ith  p eo p le  is substan tia l, b u t not overw helm ing. The g rea test u se  of n e tw o rk s—to 

com m unicate w ith people in one's w orkgroup or departm ent—still occurs "usually" for only 39% 

of the respondents. This suggests tha t com puter-m ediated com m unication is not am enable to all 

m odes of com m unication and that barriers (either technical or social) to netw ork use are greater 

in external than in internal communications.

N etw ork access to inform ation resources was also not universally used, even w hen it was 

available (see Table 4-9). The five resources that the greatest num ber of respondents said they 

"usually" accessed over the network were production control data, com puter code or program s, 

internal financial data, draw ings or designs, and com pany newsletters. The five resources that 

the greatest num ber of respondents said they "never" accessed over the netw ork w ere all full- 

text resources: m anufacturers' or suppliers' catalogs, lab notebooks, journal articles, equipm ent 

or procedures m anuals, and standards. Lack of netw ork use m ight be due to the lack of need for 

rem ote access to, or perceived difficulties in using, full-text resources in electronic form, 

especially over the network.

Interview  results related to network use of inform ation resources p resen t a sim ilar view 

of w hat is currently available and used online by aerospace engineers. The m ost com m only used 

netw ork  in fo rm ation  resources noted by partic ipan ts in th is  s tu d y 's  p rim ary  site visits 

/in te rv ie w s  (derived from  the list of reported  uses of com puter netw orks m entioned by 

interviewees) were com puter code or programs, draw ings or designs, production control data, and 

in ternal financial data.

T he rep o rted  u se  of com puter netw orks to com m unicate w ith  d ifferen t types of

223

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

colleagues and access various w ork resources suggests the w ays in which com puter netw orks are 

curren tly  used to  suppo rt w ork activities in  aerospace. In another section of the m ail survey, 

the link betw een netw ork use and  w ork tasks w as investigated explicitly. Aerospace engineers 

w ere asked to  identify  the m ost im portan t w ork task they perform ed d u ring  their last w ork 

w eek and  to describe various aspects of the perform ance of that task by responding to a series of 

questions centered around  the critical incident they had identified. R espondents could either 

choose one of the tw enty-one w ork tasks listed in the questionnaire (q.8), or supply  a task not 

listed. Table 4-10 lists the num ber of respondents selecting each of the w ork tasks listed in the 

questionnaire; item s selected by the greatest num ber of respondents are  listed first. Again, the 

d iversity  of the responses is striking, p roviding further evidence of the inherent variability of 

engineering work. P lanning tasks or projects, w riting proposals or reports, and com ing u p  with 

new  ideas or approaches w ere the  w ork tasks perform ed by the greatest num ber of aerospace 

engineers, but no  task was selected by more than 15% of respondents.

In order to determ ine the extent to which com puter networks w ere used to su p p o rt work 

and  com m unication  tasks, each respondent w as asked to  identify  the tw o m ost significant 

com m unication  channels they used (q.14) to perform  the task abou t w hich he o r  she w as 

reporting. Com m unication channels were selected from the list of pre-coded response categories, 

w hich included an  "other" category along w ith eleven listed channels. Table 4-11 portrays the 

channels used in  perform ing aerospace w ork tasks. The channels are listed in  decreasing order 

o f their reported  use.

There a re  clear differences in the degree to w hich various com m unication channels are 

used in perform ing  aerospace w ork tasks. Face-to-face interaction w ith  others is clearly the 

m ost im portan t channel, w ith p rin t and telephone channels also used heavily. C om puter 

n e tw o rk s  to access people, in form ation, o r com puters; d irec t exam ination  of objects o r 

phenom ena; com puters; and fax are used to a lesser degree. If the reported uses of the various 

form s of netw orking are com bined (N=159; %=14), the im portance of com puter netw orks in
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Table 4-10. Most Important Work Task Performed by 
Aerospace Engineers during Last Work Weeka

Work Task Respondents Identifying that Task
asMostfrnportant

0

Plan tasks, projects, programs, etc. 141 (15)

W rite proposal, report, paper, etc. 101 (11)
Com e up with new ideas, approaches 91 (10)

Coordinate work 84 ( 9)

Solve technical problem 62 ( 7)

Produce drawings, designs 51 ( 6)

Assure conformance with requirements 43 ( 5)
Negotiate with co-workers, clients, vendors, students 37 ( 4)

Conduct experiment or run test 35 ( 4)

Identify requirements 27 ( 3)

Interpret results of experiments, tests 26 ( 3)
Troubleshooting, maintenance 24 ( 3)

Perform mathematical analysis 24 ( 3)
Keep up with new developments 22 ( 2)

Select or design methods or procedures 20 ( 2)
Produce prototypes or products 18 ( 2)

Produce specifications 13 ( 1)
Develop theories, concepts 12 ( 1)
Identify resources 11 ( D
Learn how to do something 9 ( 1)

Identify problem 8 ( 1)

a In response to this question, 24 people circled multiple responses, 39 provided an “other1' response (the 
most common “other" response was “teaching”). Base = 922 (28 people provided no answ er to this 
question).

b Percentage is based on the total number of responses received to this question (922).
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perform ing  aerospace w ork  appears m ore significant, w ith  their use occurring on a  p ar w ith  

th a t of p r in t m aterial o r the telephone. Voice m ail and "snail m ail" w ere least u sed  as  a 

p rim ary m eans of communication.

Table 4-12 com pares the use of netw ork and non-netw ork channels in  perform ing specific 

aerospace w ork tasks. For those ind iv iduals reporting  on one of the listed w ork tasks, 31% 

identified  a com puter netw ork  channel as used in perform ing that task. N etw orks w ere used 

m ore  than  non-netw ork  channels to  perform  m athem atical analyses. O th er tasks w here  

com pu ter netw orks w ere identified by  40% or m ore of aerospace engineers as  being used to 

accom plish  the task  are learn ing  how  to do  som ething, p ro d u cin g  d raw in g s  o r designs, 

develop ing  theories or concepts, and  selecting design m ethods or procedures. N etw orks w ere 

least likely to be used  for iden tify ing  resources, p ro d u cin g  specifications, an d  assu ring  

conform ance w ith requirem ents.

Data on the purpose of netw ork use from the telephone survey  offer a slightly different 

perspective on use of netw orks for conducting aerospace w ork, b u t the resu lts from  the tw o 

in strum en ts seem  to corroborate the finding that netw orks a re  used m ost often  for technical 

com m unications. Fewer telephone survey  respondents noted adm inistra tive , as opposed  to 

technical, p u rp o ses  for the last several electronic m essages they  sen t (see T able 3-7). 

Sim ilarly, as show n in Table 4-12, netw orks w ere used by a sm aller p roportion  of those mail 

survey  respondents perform ing adm inistra tive tasks (such as p lann ing  tasks and  projects, or 

co o rd in a tin g  w ork) than  m any of the technical tasks lis ted  (e.g., perfo rm  m athem atical 

analysis, learn how  to do  something).

4.4.4. Summary: N ature o f N etw ork Use in  Aerospace W ork and Com m unication

C om puter netw orks play a significant role in  the accom plishm ent of aerospace w ork 

a n d  com m unication activities. Because available netw orks a re  n o t used by all aerospace
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Table 4-11. Communication Channels Used 
to Perform Aerospace Work Tasksa

C hannels Respondents Selecting that Channel as
“Primary” Channel Used In Performing Work Task

a (2felb

Face-to-face interaction with other person(s) 476 (41)

Examining printed material in own office 
or other location

148 (13)

Telephone 148 (13)

Own direct examination, testing of physical 
objects, devices, processes

85 ( 7)

Use of computer network to access information or data 67 ( 6)

Fax 55 ( 5)

Use of computer network to operate a computer 
or other device

51 ( 4)

Use of a  non-networked computer 50 ( 4)

Use of a  computer network to communicate with people 41 ( 4)

Voice mail 17 ( 1)

Internal (e.g., company or campus) or U.S. mail 15 ( 1)

Other 8 ( 1)

TOTAL 1161 (100)

a Respondents were instructed to select the two most important communication channels they used in 
performing the work task identified in an earlier question. They were to label one of the selected channels as 
"primary" and the other as "secondary." In fact, a  significant number of respondents selected more than two 
channels and som e simply supplied check marks as opposed to designating channels as primary or 
secondary. In this table, only actual "primary" responses are reported.

b Percentage is calculated on the base n of 1161, the total number of “primary" responses supplied by 
subjects.
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Table 4-12. 
Comparison of the Use of Network vs. Non-Network 

Channels in Performing Specific Aerospace Work Tasksa

R e s p o n d e n ts  R esponden ts
Iten g  U sn a

Non-Net C h a n n e l

W ork Task n (2 U a m

Perform mathematical analysis 16 (67) 8 (33)

Learn how to do something 4 (44) 5 (56)

Produce drawings, designs 22 (43) 29 (57)

Develop theories, concepts 5 (42) 7 (58)

Select or design methods or procedures 8 (40) 12 (60)

Identify problem 3 (38) 5 (63)

Conduct experiment or run test 12 (34) 23 (66)

Produce prototypes or products 6 (33) 12 (67)

Plan tasks, projects, programs, etc. 47 (33) 93 (66)

Solve technical problem 19 (31) 43 (69)

Identify requirements 8 (30) 19 (70)

Write proposal, report, paper, etc. 30 (30) 71 (70)

Troubleshooting, maintenance 7 (29) 17 (71)

Come up with new ideas, approaches 26 (29) 65 (71)

Coordinate work 23 (27) 61 (73)

Negotiate with co-workers, etc. 10 (27) 27 (73)

Interpret results of experiments, tests 7 (27) 19 (73)

Keep up with new developments 6 (27) 16 (73)

Identify resources 2 (18) 9 (82)

Produce specifications 2 (15) 11 (85)

Assure conformance with requirements 6 (14) 37 (86)

TOTAL (all tasks) 269 (31) 589 (69)

3 Base varies. In identifying a  task, 24 people circled multiple responses, 39 provided an "other" response 
(the most common “other” response w as “teaching"), and 28 people provided no answer. A total of 26 
individuals supplied no answer to the question on channel use. None of the data associated with these 
responses is included in this table.

b n» the number of individuals labelling at least one network channel as used (i.e., either primary, 
secondary, or checked)

c n -  the number of individuals labelling no network channel a s  used.
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eng ineers w ho have access to  them , it appears th a t com puter netw orks a re  better su ited  to  

certain  activities than  o thers, tha t social o r technical barriers m ilita te against ub iqu itous use, 

o r  that com puter netw orks are sim ply not needed in the perform ance of some activities.

Responses to the  m ail survey indicate that com puter netw orks are used m ore for internal 

than  external com m unication activities. W ork resources accessed m ost over the netw ork tended 

to  be in ternal as well, and  to exist as data, d raw ings, or com puter code. Full-text resources 

needed  to  su p p o rt w ork  w ere less likely to be accessed over the net. A erospace engineers used 

com puter netw orks to a significant degree in accom plishing im portant w ork tasks: in  alm ost one 

th ird  of the critical w ork  incidents reported, com puter networks w ere cited as a channel used in 

accom plishing the task. N etw ork use d id  not surpass reliance on face-to-face interactions, b u t it 

appears to be on a p a r  w ith the use of telephone and p rin t channels, and  it surpasses the use of 

traditional m ail and  fax as a com m unication channel. The w ork an d  com m unication activities 

m ost com m only supported  by com puter netw ork use covered a diverse range of engineering tasks. 

They included perform ing  m athem atical analyses, learning how  to d o  som ething, p roducing  

d raw in g s  or designs, develop ing  theories or concepts, and selecting  d es ig n  m ethods o r 

p rocedures. N etw orks w ere least likely to be used for keeping u p  w ith  new  developm ents, 

iden tify ing  resources, p roducing  specifications, assuring  conform ance w ith  requirem ents, or 

identifying problem s.

4.5. Factors Associated with Network Use by Aerospace Engineers

4.5.1. Introduction

Survey resu lts discussed so far address extent of netw ork use in the aerospace industry  

and  the use of netw orks to support aerospace engineering w ork  and  com m unication  tasks. 

A nother aim  of this study  w as to explore factors that m ight be associated w ith  netw ork use, 

i.e., to gain  a better understand ing  of the degree to which, and the reasons w hy, netw orks are 

used  by som e aerospace engineers and  no t by others. Among the factors potentially associated
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w ith  netw ork  u se  th a t w ere explored in  th is research w ere dem ograph ic  characteristics of 

resp o n d e n ts , job type, task  characteristics, and  the n a tu re  of the w ork  an d  netw ork ing  

environm ents of aerospace engineers.

4.5.2. Respondent/Job Characteristics and Network Use

C ross-tabulating  various mail survey respondent characteristics w ith  netw ork  use (see 

Table 4-13) suggests that some variation in use is based on dem ographics. Men and  w om en used 

netw orks abou t equally. N etw ork use d id  not vary greatly by age, except for those over sixty, 

w ho w ere m uch less likely to be netw ork  users. N etw ork  use ap p e a rs  to increase  w ith 

educational level, except tha t those respondents w ith only a h igh  school d eg ree  w ere m ore 

likely to use netw orks than  those w ith a technical degree. Engineers w ho had  been in the 

aerospace industry  for a year or less w ere least likely to use netw orks, w hile those people w ho 

had been in the field for five to  19 years were the m ost likely to use networks.

Som e broad  job characteristics also seem  related to netw ork  use (see Table 4-14). 

N etw ork  u se  am ong survey respondents is m ore extensive in academ ia, as  opposed  to o ther 

sectors. A greater percentage of respondents characterizing them selves as "scientists" used 

netw orks, as  com pared to those calling them selves "engineers" o r "m anagers." In term s of 

p rim ary  job function, netw ork  use w as m ost extensive am ong those engaged  in  teaching, 

research, advanced o r applied developm ent, and industrial engineering; those engaged  in sales 

or m arketing , service or m aintenance, adm inistration, and production  appear to b e  the lightest 

netw ork users. Results from the earlier telephone survey also depict engineers and  m anagers as 

lighter users of netw orks than are people engaged prim arily in  scientific w ork . M ail survey 

resu lts fu rther reveal that aerospace engineers w orking in aerodynam ics or fligh t dynam ics 

w ere sligh tly  m ore likely to  use netw orks than were those in  o ther branches o f aerospace. 

Finally, as dep icted  in  Table 4-15, netw ork use appears to be m ore w idespread  in  locations, 

departm ents, and  organizations w ith a large num ber of employees.
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Table 4-13. Personal Characteristics and Network Usea

Characteristics

Gender

Male
Female

Use Networks^

o  m

721 (85)
21 (81)

Never Use Networks 

Q m

128
5 i l l !

Age

20-29 yrs.
30-39
40-49
50-59
60+

23  
190 
184 (92)
223 (85)

91 (61)

HI3
15
16 ( 8) 
38 (15)
58 (39)

Educational Level

High School 
Technical Degree 
Bachelor’s Degree 
Master’s Degree 
Ph.D.
Post Doctorate 
Other

19 (79) 
37 (69) 

308 (83)
263 (87)

85 (92)
21 ( 100) 

8 (62)

5
17
61
38

7
0
5

(21 )
(32)
(17)
f ’ i
( 0) 
(39)

Years In Aerospace

<1 11 (73) 4
1-4 34 (85) 6
5-9 93 (91) 9
10-14 112 (90) 13
15-19 93 (92) 8
20-24 73 (83) 15
25-29 94 (86) 15
30+ 223 (79) 61

(27) 
(15) 
( 9) 
( 10)

î l
(14)
(2 1 )

a Base varies, according to number of missing cases: Gender = 875; Age = 842; Educational level = 874; 
Years in aerospace » 865. Row percentages add to 100, except in cases of rounding error.

b Combines survey q.4 responses “Yes, I personally use computer networks" and “Yes, I use computer 
networks, but only through an intermediary..."
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Table 4-14. Job Characteristics and Network Usea

Characteristics Use Networks*) Never Use NetWQfKS
n ca d (3&

Employment Sector
Irxtistry/manufacturing 404 (84) 75  (16)
Government 246 (92) 22  ( 8)
Academic 48 (98) 1 ( 2)
Not-for-profit 14 (82) 3  (18)
Retired or not employed 2 (13) 14 (88)
Other 27 (60) 18 (40)

Job Type
Engineer 339 (83) 67  (17)
Manager 297 (87) 44  (13
Scientist 41 (91) 4  ( 9)
Other 72 (84) 14 (16)

Primary Job Function
Achirisbation 68 (80) 17 (20)
Research 104 (94) 7 ( 6)
Advanced/Applied Dev. 105 (91) 11 (10)
Design/Product Engineering 159 (80) 39  (20)
Industrial/Manufg &igineering 52 (91) 5 ( 9 )
Quality Control/Assurance 41 (85) 7 (15)
Production 4 (80) 1 (20)
SalesMarteting 32 (73) 12 (27)
Service/Maintenance 18 (75) 6 (25)
Information Processing/Program’g 30 (88) 4  (12)
Teaching/Training 42 (98) 1 ( 2)
Other 84 (82) 18 (18)

Branch of Aerospace
Aerodynamics 50 (94) 3  ( 6)
Structures 86 (85) 15 (15)
Propulsion 69 (85) 12 (15)
Flight Dynamics & Control 44  (90) 5 (10)
Avonics 83 (86) 14 (14)
Materials & Processes 100 (83) 21 (17)
Other 310 (84) 57  (16)

a Base varies according to number of missing cases: Employment sector ■ 874; Job type « 878; Primary job 
function « 867; Branch of aerospace -  869. Row percentages add to 100, except in cases of rounding error.

b Combines survey q.4 responses “Yes, I personally use computer networks” and ‘Yes, I use computer 
networks, but only through an intermediary..."
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Table 4-15. Organization Size and Network Usea

Characteristics Use Networks** Never Use Networks

□ m  d  m

No. of Employees In 
Parent Organization

< 50 41 (58) 30  (42)
50-99  9 (53) 8 (47)
100-499 74 (81) 17 (19)
500-999  34  (87) 5 (13)
1000-4999 126 (88) 18 (13)
5000-9995  63 (95) 3 ( 5)
9996+ 239 (93) 18 ( 7 )

No . of Employees at 
Worksite Location

< 5 0  153 (74) 53  (26)
50 -99  57 (83) 12 (17)
100-499 153 (92) 13 ( 8)
500-999  58 (87) 9 13
1000-4999 135 (93) 10 ( 7)
5000-9995  32 (100) 0 ( 0)
9996+ 33 (92) 3 ( 8)

No. of Employees In 
Department (or equivalent)

< 5 0  418 (85) 72  (15)
50-99 employees 76 (92) 7 ( 8)
100-499 90 (91) 9 ( 9)
500-999  21 ‘  ‘
1000-4999 5
5000+ 4 (80) 1 (20)

ISj ?

a Base varies according to number of missing cases: No. of employees in parent organization -  688; No. of 
employees at worksite location = 728; No. of employees in department = 711. Respondents were instructed 
to answer only if they were NOT employed by an educational institution, hence the large number of missing 
cases. Row percentages add to 100, except in cases of rounding error.

b Combines survey q.4 responses ‘Yes, I personally use computer networks" and ‘Yes, I use computer 
networks, but only through an intermediary..."
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Table 4-16 su m m arizes  the resu lts of C h i-square tests  th a t w ere  p erfo rm ed  on the  

contingency tables derived  from the o u tp u t of the cross-tabulations p resen ted  above. These 

analyses w ere conducted in  o rder to discover w hich of the relationships betw een netw ork  use 

an d  vario u s resp o n d en t characteristics w ere statistically  significant. C h i-square  is a non- 

p a ram etric  test of associa tion  ap p ro p ria te  for nom inal level da ta . It show s w h eth e r a 

relationship  exists betw een variables, b u t not the direction or exact location of the relationship 

(w hich a re  m ore ap p a re n t in  the results as p resented  above, in  Tables 4-13 th rough  4-15). 

A nother im portan t lim itation  of the results p resented  in  Table 16 is th a t they explore b inary  

relationships only, i.e., they do  n o t account for interactions am ong independen t variables. For 

exam ple, "years in  aerospace" m ay be significantly related to netw ork use because it interacts 

w ith  "age."

The various responden t and  job characteristics identified w ere cross-tabulated  w ith  both 

netw ork  u se  and  w ith  intensity of netw ork use. Those characteristics significantly related to 

netw ork use w ere age, educational level, num ber of years in the aerospace industry , num ber of 

em ployees in one 's  p a ren t organization and at one's worksite, em ploym ent sector, job type, and 

p rim ary job function. It should be noted, how ever, that looking a t the actual contingency table 

cell values for em ploym ent sector suggests that the significant Chi-square resu lt is d u e  chiefly 

to the responses offered by retired and unem ployed aerospace engineers.

For those variables m ost indicative of the natu re of aerospace work--job type, p rim ary job 

function, and  b ranch  of a e ro sp ac e -it appears tha t they are  m ore strong ly  re la ted  to the 

intensity of netw ork use, as opposed to w hether or not netw orks are used at all. W hile netw ork 

use seem s fairly consisten t across various job types, those engaged in  certain  types of w ork 

ap p ear to u se  netw orks m ore heavily. For exam ple, close to 16% of survey responden ts who 

characterized them selves as scientists estim ated that over 50% of their typical w ork week was 

spent in  netw ork use. That intensity of netw ork use was claimed by about 10% of engineers and 

only five percent of m anagers. Looking at prim ary job function, the cross-tabulations perform ed
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reveal th a t a full 38% of those engaged in inform ation processing /p rogram m ing  spend  m ore 

than  half their w ork w eek using  networks, while no  respondents in p roduction, teaching, or 

sales and  m arketing  reported  such a high degree o f netw ork use. In betw een are those in 

adm inistra tion  (w ith 6% reporting  that networks w ere used m ore than 50% of the w ork week), 

research  (7%), advanced  o r applied  developm ent (8%), service and  m ain tenance (9%) and  

design or product engineering (10%).

O ne particu lar job characteristic that w as anticipated to be strongly related to netw ork use 

w as w h eth e r o r  no t an  aerospace eng ineer's  w ork  involved, as a p rim ary  feature , the 

developm ent or analysis of com puter systems, com ponents, softw are, o r data (q.30). It w as 

assum ed that people engaged in such com puter-intensive work w ould be heavy netw ork users as 

well, in p a rt because they w ould be familiar w ith m uch of the technology and skills involved 

in  com pu ter netw orking, and  in p a rt because the people they com m unicated  w ith and the 

resources and products o f their w ork w ould m ore likely be online. The anticipated relationship 

between com puter-related work and network use was borne out by survey responses. Only about 

10% of those engaged in com puter-related work never used networks, com pared to about 18% of 

those w ho w ere not engaged in com puter-related work. Chi-square results related to  com puter- 

related w ork w ere highly significant a t for both netw ork use (Chi-square = 19.12; DF = 2; p  = 

.00007; num ber of m issing observations = 83) and intensity of netw ork use (Chi-square = 54.79; 

DF = 5; p  = .00000; num ber of missing observations = 87).

4.5.3. T ask  C haracteristics and N etw ork Use

The critical incident portion  of the mail survey was used to investigate the relationship  

betw een  certain  characteristics of w ork tasks and  w hether or no t netw orks w ere used in 

perform ing those tasks. Table 4-17 presents the relationship betw een the reported  size of the 

g ro u p  involved in perform ing a recent im portant w ork  task (q.10) and  the use of com puter 

netw orks as a com m unication channel in perform ing that task (q.14). The use of com puter
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Table 4-16.
Respondent Characteristics and Network Use:

Summary of Chi-Square Results
Chi-Square Results

RelationshlD Tested

BL Sianif.c No. of 
Missina

Q b s m a tio n s

Gender and net use3 1.68 2 .4316 75
Gender and intensity of net useb 3.78 5 .5814 79

Age and net use3 110.01 8 .0000“ * 108
Age and intensity of net useb 122.34 20 .0000*“ 112

Educational level and net use3 34.05 12 .0006*** 76
Educational level and intensity of net useb 44.12 30 .0467* 80

Years in aerospace and net use3 88.86 24 .0000*** 85
Years in aerospace and intensity of net useb 95.80 60 .0022** 89

Employment sector and net use3 109.85 10 .0000*** 76
Employment sector and intensity of net useb 115.67 25 .0000*** 80

Job type and net use3 9.26 6 .1594 72
Job type and intensity of net useb 31.32 15 .0080“ 77

Branch of aerospace and net use3 9.49 12 .6602 81
Branch of aerospace and intensity of net useb 31.83 30 .3755 86

Primary job function and net use3 40.19 22 .0103* 83
Primary job function and intensity of net useb 125.65 55 .0000*** 87

Employees in parent org. and net use3 96.76 14 .0000*** 262
Employees in parent org. and intensity of net useb 100.14 35 .0000*** 267

Employees at worksite and net use3 60.93 14 .0000*** 222
Employees at worksite and intensity of net useb 77.81 35 .0000*** 230

Employees in dept, and net use3 17.19 12 .1425 239
Employees in dept, and intensity of net useb 26.03 30 .6738 247

a Net use categories = Use personally, Use through an Intermediary, Never use.

b Intensity of network use = Percent of typical work week spent using networks (with responses grouped 
into 0, 1-10, 11-25, 26-50, 51-75, 76-100%).

c An asterisk (*) indicates significance at the .05 level, i.e., the observed differences would occur by 
chance 5% of the time or less. Two asterisks (**) indicates significance at the .01 level. Three asterisks 
(***) indicates significance at the .001 level. Significance indicates that a relationship exists between 
network use and a particular characteristic.
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4-17. Size of Task Group and Network Usea

Networks used Networks NOT Used
as a Chan net as a Channel

In Task Performance  ̂ In Task Performance^

n m n m

Size o f Task Grouo

One person 55 (37) 92 (63)

Two people 41 (29) 100 (71)

3-5 people 94 (29) 228 (71)

6-10 people 46 (30) 108 (70)

11-20 people 25 (28) 65 (72)

>20 people 18 (29) 44 (71)

T O T A L 279 (31) 637 (70)

a Base -  916. Row percentages add to 100, except in cases of rounding error.

b n= the number of individuals labelling at least one network channel as used (i.e., either primary, 
secondary, or checked)

c n * the number of individuals labelling no network channel as used.

netw orks varied rem arkably little according to task g roup  size. The percentage of respondents 

using netw orks as a com m unication channel, as opposed to using som e non-netw ork channel, w as 

about 30%, regardless of the num ber of people involved in perform ing the task. N etw orks w ere 

used slightly more, how ever, by survey respondents perform ing a task by them selves.

Table 4-18 p resen ts survey  results tha t relate the geographic span  of the  critical incident 

task (q .ll)  to the reported  use of com puter networks in perform ing that task (q.14). H ere again, 

the degree  to w hich netw orks w ere reported  as a channel in perform ing a w ork  task d id  not 

vary significantly according to the geographic span  of task participants. Those responden ts 

involved in perform ing a task w ith people located across the country  used  netw orks slightly 

less (24%) than those involved in  tasks w ith either a small or g reater geographic span.
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4-18. Geographic Span of Task and Network Usea

as a Channel 
In Task Performanceb

o  m

Networks Used Networks NOT Used 
as a Channel 

In Task Performancec

n m

Geographic Span 
of Task Group

Same office/lab

Same building

Same worksite

Same town

Same country

Across countries

Don’t know

TOTAL

60 (32)

67 (31)

65 (37)

15 (29)

52 (24)

24 (33)

2 (40)

285 (31)

126 (68)

148 (69)

113 (64)

36 (71)

164 (76)

49 (67)

3 (60)

639 (69)

a Base -  924. Row percentages add to 100, except in cases of rounding error.

b n -  the number of individuals labelling at least one network channel as  used (i.e., either primary, 
secondary, or checked)

c n » the number of individuals labelling no network channel as used.

The degree  of the organizational span of people involved in perform ing  w ork tasks also 

seem s to have very little effect on  w hether com puter netw orks a re  used  as a com m unication 

channel in  task perform ance (see Table 4-19). Among survey respondents, use of com puter 

netw orks (q.14) decreased only slightly as m ore organizational boundaries (q.12) w ere crossed. 

T his tren d  is consisten t w ith  o ther s tu d y  resu lts  th a t show  less u se  of n e tw o rk s  for 

in terorganizational com m unication, although the relationship here betw een netw ork  use and 

organizational span appears weaker.

The resu lt of the analyses of task g roup  size, geographic span, and  organizational span 

p resen ted  in  Tables 4-16 th rough  4-19 suggest that use of com puter netw orks rem ains fairly
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4-19. Organizational Span of Task and Network Usea

Networks Used 
as a Channel 

In Task Performance*

n fifcl

Networks NOT Used 
as a Channel 

In Task Performanceb

n c a

Organizational Soan 
ot Task Group

Same workgroup 58 (34) 111 (66)

Same department 46 (34) 91 (66)

Same division 45 (34) 89 (66)

Same organization 51 (31) 113 (69)

Across organizations 83 (27) 230 (74)

Don’t know 2 (29) 5 (71)

T O T A L 285 (31) 639 (69)

a Base = 924. Row percentages add to 100, except in cases of rounding error.

b n » the number of individuals labelling at least one network channel as used (i.e., either primary, 
secondary, or checked)

c n » the number of individuals labelling no network channel as used.

consisten t w ithin each of these variables (Chi-square tests w ere perform ed on these d a ta  and 

revealed , as expected , no significant relationships). These aspects o f task  perform ance in 

engineering work, in other w ords, appear to bear little relation to netw ork use.

O ther situational aspects of the perform ance of a particular task w ere also explored in the 

m ail survey as possible factors governing the use of com puter netw orks in  aerospace engineering 

w ork . R esponden ts w ere  asked to rep o rt their m ain  reason for choosing  the p rim ary  

com m unication  channel they used in perform ing the critical incident task  (q.15), by either 

selecting a reason from a pre-coded list of responses or supplying som e other reason of their own. 

Looking a t responses across all tasks, "it allowed for m ost com plete expression, interpretation , 

o r interaction in inform ation flow" and "it was the quickest way to accom plish the task" w ere
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each cited by abou t one th ird  of respondents. Between five and ten percen t of responden ts 

selected the reasons "it allow ed for the greatest accuracy of in form ation flo w /' " it 's  w hat 

everyone involved w as set u p  for," and "it w as the m ost reliable." Fewer than  three percent of 

respondents selected the reasons "preferred m echanism  not available," it allow ed for the m ost 

presentable expression of inform ation," "tradition dem anded it," "it required the least effort on 

m y part," and "it w as cheapest."

Table 4-20 p resen ts selected data on the reasons tha t different com m unication  channels 

w ere used in perform ing w ork tasks. The reported reasons for using com puter netw orks were very 

sim ilar to the reasons cited for using m ore traditional com m unication channels. As w ith all 

o ther com m unication channels except face-to-face and  mail, the reason cited m ost often for the 

use of com puter networks to access people, information, or com puters w as tha t netw orks were the 

quickest w ay to accom plish the particular task a t hand. O ther prom inent reasons for com puter 

netw ork  use w ere tha t netw orks w ere perceived as allow ing for the com plete expression of 

ideas, and  allow ing access to accurate inform ation. N etw ork use also appears to be linked to 

how  ubiquitous its availability am ong task g roup  mem bers is, as "it's w hat everyone w as set up  

for" w as cited as a significant reason for using networks to access people and com puters.

A m ore com plete p icture of why different com m unication channels are used by aerospace 

engineers in d ifferent situations is gained by exam ining the results of the "M essage Analysis" 

portion  of this stu d y 's  site v isits/in terv iew s (see section 3.3.4.2). In this activity, interview ees 

described a particular com m unication incident and provided reasons for their use of the chosen 

com m unication channel. Typical characteristics of m essages relayed via e-mail w ere that they 

were: short and sim ple queries, descriptions, or announcem ents; relayed to a com puter system  

staff person; intended for distribution to a w ide audience. The m ost com m on reasons cited for 

the use of netw orks in particular com m unication incidents were that: the sender knew  tha t the 

recipient w as a regular user of electronic com m unication channels; the sender knew  that the 

recipient w as unlikely to be reached at that particular time a n d /o r  unlikely to be b rough t into
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4-20. Top Reasons for Use of Various Communication 
Channels in Performing Specific Work Task

% of Respondents Using Each Channel Who 
Identified Each of the  Tod Three Reasons for Use"

Primary Channel 
Used In Task

Face-to-Face Most complete expression, interpretation, interaction 53
Quickest 27
Allowed greatest accuracy 7

Examining Printed Quickest 29
Material Most complete expression, interpretation, interaction 18

Allowed greatest accuracy of information flow 16
What everyone was set up for 16

Direct Examination, Quickest 29
Testing Most reliable 22

Allowed greatest accuracy of information flow 22

Network Access Quickest 46
to People Most complete expression, interpretation, interaction 18

What everyone was set up for 18

Network Access Quickest 50
to Information, Data Allowed greatest accuracy of information flow 24

Most complete expression, interpretation, interaction 16

Network Access Quickest 39
to Computer Most complete expression, interpretation, interaction 18

Most presentable expression of information 18
What everyone was set up for 18

Telephone Quickest 50
Most complete expression, interpretation, interaction 23
Preferred mechanism not available 9

US or Internal Most complete expression, interpretation, interaction 67
Mail What everyone was set up for 33

Fax Quickest 48
Preferred mechanism not available 14
Greatest accuracy of information flow 10
Most complete expression, interpretation, interaction 10
What everyone was set up for 10

a Base varies for each channel. In the case of tie scores on reasons for use, all reasons are listed.
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contact serendipitously ; a record of the com m unication w as desired; it w as the m ost efficient 

w ay to relay  the m essage (e.g., faster to transm it, allow ed sender to  ad d re ss  an d  dism iss 

p rob lem  im m ediately , easier to transm it identical m essage to  m ultip le  recipients, elim inates 

telephone tag  if sender know s that recipients w on 't be able to respond to m essage w ithout first 

checking o ther inform ation); or the content of the m essage w as sim ple o r required  precision.

As described by interview ees, telephone com m unication tended to incorporate discussion, 

clarification a n d /o r  explanation, especially of com plex technical problem s; requests or o rders 

th a t w ere difficult or unpleasant; or an initial contact w ith som eone never m et before o r  abou t a 

new  task o r  project. The m ost com m on reasons reported  for the u se  of the  te lephone in a 

particular com m unication incident were: it was the quickest m eans to com m unicate; im m ediate 

co n tac t/resp o n se  w as desired; geographic distance separated sender and  recipient; the sender 

anticipated  the need for a dialogue (i.e., that a series of questions and  answ ers w ould ensue and 

th a t som e flexibility in se tting  the d irection  of th e  conversation  w as desired ); th a t the 

in te rac tion  w ou ld  invo lve op inion, explanation  of a com plex topic, o r  a topic th a t w as 

em otionally  or politically "touchy"; or that only a sim ple, short response w as required.

The face-to-face interactions described by interview ees seem ed to d iffer som ew hat from 

th a t of electronic o r telephone com m unications. The distinguish ing  characteristics o f face-to- 

face in te ractions w ere  th a t they tended to involve: m ultip le participan ts; lengthy, m ulti­

topic, and m ultim ed ia  discussions; and highly em otional (especially conflict resolution) or 

p u re ly  social conten t. The m ost com m on reasons advanced  for re ly ing  on face-to-face 

com m unication  w ere: physical proxim ity; the need to incorporate a varie ty  of graphics, 

objects, docum ents; serendip itous contact; the need for g roup  in tegration  o r  consensus- or 

id e n tity -b u ild in g ; th e  in fo rm a lity /tr iv ia lity  of the exchange; the  need  for in -dep th  

d iscussion; the preference for personal contact, especially in  very em otional situations. The 

first tw o reasons were often pu t into the context of convenience and  efficiency.
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4.5.4. Woik and Networking Environment and Network Use

General descrip tions of o n e 's  w ork and netw orking environm ent w ere solicited from  mail 

su rvey  responden ts as another m eans of exploring factors associated w ith  netw ork  use. O ne 

questionnaire m atrix  asked respondents to report the extent to which they agreed o r d isagreed 

w ith  a  num ber o f s ta tem en ts describ ing  the ir w ork an d  netw ork ing  env ironm en ts  (q.20). 

C om paring the responses of netw ork users to those of nonusers reveals relationships betw een 

netw ork  use and  various factors (see Tables 4-21 and 4-22). Considering factors related to w ork 

environm ent, a significantly greater percentage of netw ork users, com pared to nonusers, agreed 

th a t the ir w ork  resu lts  a re  stored in  com puterized form , they requ ire  a d iv e rse  range  of 

inform ation from  a w ide variety  of sources, tim e pressures in their w ork are  trem endous, their 

w ork is in tegrated  w ith the w ork of others, the products they design are highly  com plex, and 

their field is extrem ely com petitive. A significantly g rea ter percent o f netw ork  nonusers, as 

opposed to users, agreed th a t they spend their day w orking independently , all the people they 

need to com m unicate w ith are in  their building, and their w ork is routine and predictable.

Significant differences betw een the netw orking environm ent of netw ork users and  nonusers 

also ap p ear to exist. The accessibility of a netw orked com puter is strongly  associated w ith 

n e tw ork  use, as is the availability  of netw orked  app lica tions w ell-suited  to o n e 's  w ork. 

O rgan izationa l rew ard , ex ternal dem and , the existence of re levan t netw orked  resources, 

know ledge of relevant netw ork  services, an d  formal train ing and su p p o rt p rog ram s are also 

significantly associated w ith netw ork use am ong this survey 's respondents. Interestingly, more 

netw ork  users than  nonusers agreed that netw orking is unreliable and th a t m any incom patible 

system s exist. These resu lts suggest that those w ho have never used netw orks, perhaps, are 

sim ply m ore optim istic abou t netw ork capabilities.

4.5.5. Aerospace Engineers' Perceptions of Factors Encouraging or Discouraging Network Use

Mail survey respondents w ere also asked two open-ended questions designed to elicit factors
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Table 4-21. 
Factors Related to Network Use: Work Environmenta

FgctOrg
Results of my work are stored in 
computerized form

% of USERS 
Agreeing with 

S ta te m e n t

67

I spend my day working 
independently 42

I require a diverse range of infor­
mation from a variety of sources 84

Time pressures are tremendous
in my work 76

The results of my work are inte­
grated with the work of others 89

All the people I need to com­
municate with are in my building 14

The products I design, develop, or 
produce are highly complex 69

I work in a field that is extremely 
competitive 69

My org. is hierarchically structured 48

My work is routine, predictable 7

Results of my work are proprietary 49

I often examine physical devices, 
instruments, materials, processes... 59

Work discussions require having 
documents, devices ... all in hand 67

My work is classified 22

% of NONUSERS 
Agreeing with 

Stetem entb

40

Standard Critical
Error of the  Ratio/
Difference Signify

63

65

59

76

26

59

59

41

13

55

62

66 

21

.0455

.0453

.0432

.0451

.0045

.0398

.0456

.0456

.0461

.0304

.0465

.0554

.0442

.0381

5.935***

4.640***

4.403***

3.771***

2.917**

3.015**

2.196*

2.196*

1.520

1.974*

1.290

.542

.226

.262

a Base -  893 (Users =758; Nonusers = 135), which includes neutral and missing responses for the matrix on 
work and networking environment (q.20), but does not include the 57 respondents who did not answer the 
question on network use (q.4).

b Groups together “Agree somewhat" and “Agree strongly" responses from the survey.

cT est statistic is the critical ratio, i.e., the difference between the two independent proportions (users and 
nonusers) divided by the standard error of the difference between the proportions, with critical values of
1.96 (to establish significance at the .05 level), 2.58 (to establish significance at the .01 level), and 3.30 (to 
establish significance at the .001 level. An asterisk (*) indicates that p < .05, or the difference between 
users and nonusers is significant at the .05 level would occur by chance 5% of the time or less). Two 
asterisks (**) indicate significance at the .01 level. Three asterisks (***) show significance at the .001 
level.
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Table 4-22. 
Factors Related to Network Use: Network Environmenta

% of USERS % of NONUSERS Standard Critical 
Agreeing with Agreeing with Error of the  Ratio/ 

Statem ent^ Statement^ Difference Signify
Factors
A networked computer is easily
accessible to me 77 1 5 .0343 18.064**

Networking is not seamless ... 61 21 .0393 10.184**

Existing network applications are 
well-suited to my work 44 16 .0363 7.705**

Network use is actively encour­
aged, rewarded by my organization 35 11 .0320 7.496**

All the people, tools, resources I 
need are on the network 16 4 .0215 5.585**

I know all about networked infor­
mation services relevant to my work 19 7 .0262 4.584**

Customers, clients, sponsors 
are demanding that I use networks 20 9 .0286 3.847**

Network transmission is unreliable 15 5 .0228 4.385**

I like to learn new computer 
things just for fun 65 56 .0461 1.952

Networking help comes from 
formal training or support programs 25 16 .0353 2.553*

Lack of network’g experience makes 
it hard to predict costs, benefits 45 36 .0451 1.996*

Networking requires too much 
effort to learn and keep up with 23 16 .0351 1.997*

I started my professional 
career without networks 88 84 .0351 1.187

Network costs outweigh benefits 11 12 .0302 .331

a Base = 893 (Users -758; Nonusers -  135), which includes neutral and missing responses for the matrix on 
work and networking environment (q.20), but does not include the 57 respondents who did not answer the 
question on network use (q.4).

b Groups together "Agree somewhat" and “Agree strongly" responses from the survey.

c Test statistic is the critical ratio, i.e., the difference between the two independent proportions (users and 
nonusers) divided by the standard error of the difference between the proportions, with critical values of
1.96 (to establish significance at the .05 level), 2.58 (to establish significance at the .01 level), and 3.30 (to 
establish significance at the .001 level. An asterisk (*) indicates that p < .05, or the difference between 
users and nonusers is significant at the .05 level would occur by chance 5% of the time or less). Two 
asterisks (**) indicate significance at the .01 level. Three asterisks (***) show significance at the .001 level.
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they perceived as  encourag ing  or d iscourag ing  netw ork use. Their responses to these open 

q uestions augm en t the m atrix  results described in  the previous section by p rov id ing  opinions 

d irec tly  from  the  aerospace eng ineer's  p o in t of view. The co n ten t ana ly sis  process for 

sum m ariz ing  the responses w as inductive: the categories w ere developed from  the responses 

them selves, ra th e r  th a n  ap p ly in g  som e p re-ex isting  scheme. T he p resen ta tio n  of factors 

re la ted  to ne tw o rk  use in  Tables 4-23 an d  4-24, thus, represen ts on ly  one possib le w ay of 

sum m ariz ing  the  data. It is possible th a t ano ther analyst w ould organize the responses into 

som ew hat d iffe ren t schem es. The tables are arranged  w ith the m ost com m only  m entioned  

item s listed  first.

A full 86% (N=816) of survey respondents supplied answ ers to  the question "W hat are the 

m o st im p o rtan t factors th a t encourage your netw ork  use or po ten tia l use?" (q.19). These 

responses w ere classified in to  the categories presented in Table 4-23. M ost of the responses 

app roach  the question  in term s of experienced or expected benefits of netw orks. O ne m ajor 

th read  runn ing  through  the com m ents is efficiency gains, w ith som ew hat less attention  given to 

im proved w ork effectiveness. Information access and handling im provem ents seem  to be a major 

m o tiva ting  in fluence for use , w ith im proved  in terpersonal com m unication  also  seen as  an 

im portan t m otivating  factor. These data  reinforce the responses provided in  the survey m atrix 

on factors related to use w hich w ere presented above; i.e., the need to integrate o n e 's  w ork w ith 

o thers and  acquire a d iverse range of inform ation w hile under g reat tim e pressu re  is naturally  

rela ted  to the em phasis here on efficiency, inform ation access, and  com m unication w ith others.

T he survey  question  "W hat do  you think are the biggest barriers to netw ork  use tha t you 

experience?" elicited responses from 87% (N=829) of those com pleting the survey. Aerospace 

engineers listed a w ide variety  of barriers, including technical, cognitive, and social problem s 

(see Table 4-24). The barriers that seem ed m ost prom inent in the m inds of survey  respondents 

a re  p rob lem s w ith  access, financial costs, the lack of adequate education  and  train ing  for a 

w orkforce th a t is still largely unfam iliar w ith com puter netw orks, the lack of un iform ity  and
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Table 4-23. 
Factors Encouraging Network Use: 

Summary of Open Responsesa

Numbers in parentheses indicate the number of items coded in each category. 
Examples of items appear in italics. 

A. General factors (349)
1. S peed (82)

Fast
2. Ease of use (72)

Ease o f use. CLEAR steps on screen to aid me through the maze
3. Availability (50)

Availability o f hardware and software
4. Efficiency (44)

Efficiency
5. Accuracy (25)

Increase accuracy
6. Convenience (22)

Convenience
7. Reliability (17)

Network reliability - no down time
8. General need (16)

Essential tool
9. Flexibility (11)

The flexibility it offers
10. Spans geographic distance (5)

Too lazy to walk to another building
11. General capabilities (4)

Their capability
12. Usefulness (1)

It has potential for being extremely useful

B. Improved Information Access (273)
1. General: improved access and retrieval (124)

Ease o f information lookup
2. Speed of information access (58)

Instant access to data
3. Access to large amount of information (36)

Vast amounts o f info
4. Currency and timeliness of information access (22)

Accessibility to current information
5. Access to wide variety of information (17)

Variety o f information available
6. Improved accuracy of information accessed and transferred (8)

Accuracy of data contained therein
7. Access to useful information (5)

Information very useful in day-to-day operations
8. Access to reliable information (3)

Instant access to reliable databases

a Base no. of responses -  816. Some responses were divided into multiple items (total coded items-1276) 
that w ere classified into multiple categories. 56 responses were uncodable (i.e., ambiguous or 
miscellaneous). Seven responses suggested that no encouraging factors existed.
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Table 4-23.
Factors Encouraging Network Use:

Summary of Open Responses (Cont’d)

C. Work Improvements (184)
1. Tim e savings (79)

...quicker than sending a secretary to the library
2. Gains in work efficiency (45)

Personal belief that a properly executed network would greatly increase my 
efficiency

3. Improved job performance and productivity (27)
Long term payoff in productivity

4. Reduction of paper flow (13)
Minimizing the flow of paper

5. Decrease in workload (9)
Simplifies and lessens workload

6. Independent task performance (7)
Minimizes secretarial/clerical need

7. Increase in competitiveness (3)
Goal of world class competitor demands utilization of networks

D. Improvements In Information Management (158)
1. Information and resource sharing (46)

Work-group sharing of documents
2. Information transfer (43)

Ease of data transfer
3. Speed of information transfer (31)

Ease of quickly transmitting detailed info
4. Information storage (14)

Storage of large amounts of information
5. Documentation of transactions (14)

A record o f the transaction
6. Updating information (5)

Easy to update once in system
7. Improved data analysis (5)

Quality and increased capability of analysis

E. Improved Communication (118)
1. General (38)

Improves communication
2. Provides more efficient or effective communication alternative (24)

Organize thoughts and leave message without relying on telephone
3. Faster communication (17)

The quick response to messages
4. Increases contact with co-workers in and across organizations (16)

Improved culture, more frequent contact with work force
5. Improves information dissemination (11)

Greater ease of distribution of updated information
6. Facilitates worldwide communication (6)

Communication worldwide
7. Real-time exchange (3)

Real-time exchanges of data, information and ideas
8. More accurate communication (3)

Messages are transferred without errors the first time
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Table 4-23.
Factors Encouraging Network Use:

Summary of Open Responses (Cont’d)

F. Particular uses (50)
1. Used for performing particular task (34)

Administer airport planning program
2. Use of particular network feature or function (16)

E-mail

G. Encouraged/required to use networks (47)
1. Organizational (18)

Management decisions that by God we're going to have it whether it works or 
not

2. Required for performing particular task (12)
It’s  required for printing purposes

3. Co-workers (8)
Greater use by colleagues

4. Critical mass of use by others (8)
Required to support our customers

5. Personal curiosity (1)
Curiosity

H. Financial (35)
1. General: saves money or reduces costs (26)

Most cost effective
2. Cost of network (6)

Low cost
3. Less expensive than other communication media (3)

Avoids postage

I. Improved access to tools, resources and services (34)
1. Access to other tools, resources, services (19)

Use of physical resources outside my office
2. Access to software (15)

Access to needed application software

J. Awareness, training and support (28)
1. Awareness/knowledge of network use, resources, or benefits (17)

Know that it exists and can help
2. Training and support (11)

Training of users
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Table 4-24.
Factors Discouraging Network Use:

Summary of Open Responsesa

Numbers in parentheses indicate the number of Items coded in each category. 
Examples of items appear in italics.

A. Technical Problems (256)
1. Lack of standardization, uniformity (60)

Lack of standardization
2. General or miscellaneous technical problems (50)

Hardware glitches
3. Lack of compatibility (37)

Lack of upward compatibility with new software and systems
4. Poor network performance, reliability (33)

Network reliability is still occasionally questionable
5. Systems not user-friendly (32)

Poorly designed (user unfriendly) systems
6. Problems with human-computer interaction (25)

Clumsiness of interaction
7. Lack of connectivity (13)

Inability to interface with networks externally
8. Memory requirements (6)

TC/IP software without memory conflicts is rare

B. Lack of Access (208)
1. General inadequacy of access or availability (59)

Limited access
2. Lack of awareness about what's available and how to access it (48)

Poor communication of what’s  available
3. Lack of adequate technology (47)

Equipment not available at our facility
4. Lack of critical mass of users (22)

Wide scale use of networks by all parties involved
5. Networks not available to all potential users (21)

Everyone having access to the network
6. Limited access to some networked information (8)

Not all info open for my access
7. Network overload (3)

Lack of access to the network proper because of overload

a Base no. of responses = 829. Some responses were divided into multiple items (total coded items=1150) 
that w ere classified into multiple categories. 25 responses w ere uncodable (i.e., am biguous or 
miscellaneous). Nine responses suggested that no barriers existed.
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Table 4-24.
Factors Discouraging Network Use:

Summary of Open Responses (Cont’d)

C. Soclal/Psychologlcal Barriers (154)

1. Lack of encouragement, interest from managers and peers (56)
Management's perception of computers as a toy or novelty...

2. Traditional views (36)
Not the way we have done it in the past

3. Lack of fit with current work processes (16)
Need to provide data in negotiated format

4. Networks not needed or inconvenient (11)
Why use it? No perceived advantage prior to this study

5. Fear of computers, the unknown, etc. (9)
Computerphobia

6. Lack of understanding of benefits (9)
Ignorance of potential gain from networking

7. Need for face-to-face communication (5)
Little or no personal interaction 

Conflicts with system administrators (4)
The tyranny of the network system managers

8. Reliance on paper (3)
Many specifications and requirements not softcopy

9. Lack of adequate planning (3)
Lack of complete and coherent site plan

10. Bad experience with networks in the past (2)
Past experience with difficult systems

D. Financial Costs (139)
1. General (128)

Cost to smaller companies
2. Cost justification (9)

Justifying installation expenses, then justifying operating expenses
3. Training costs (2)

Cost of training

E. Lack of Understanding or Experience (111)
1. Networking (64)

Lack of experience with using networks
2. Difficulty of gaining needed expertise (26)

Too complex once I go beyond Quick Mail environment
3. Computers (14)

Computer hardware knowledge
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Table 4-24.
Factors Discouraging Network Use:

Summary of Open Responses (Cont’d)

F. Time-Related Barriers (106)
1. Slowness of network transactions (41)

Poor response time
2. Time required to achieve competency in using networks (25)

Too much time on learning curves for large no. of specialized info services
3. System downtime (21)

Your [sic] at a stand still if the main frame is down. Time wasted
4. General time expenditures in setting up or using networks (19)

Time taken to set them up

G. Inadequate Education and Training (88)
1. Inadequate education and training (68)

User education
2. Inadequate documentation and directories (11)

No "How to Use" manuals
3. Lack of technical support (9)

Need for computer pros who understand the applications better

H. Security Issues (52)
1. General (32)

Security considerations
2. Concern for classified information (8)

Classified materials
3. Concern for proprietary information (6)

Protection of proprietary work
4. Fear of viruses (4)

Protection against virsis [sic]
5. Privacy and confidentiality (2)

Lack of privacy

I. Problems with Network Content (36)
1. Networked information does not meet needs (14)

Lack of databases which contain the necessary information
2. Unwanted information (9)

Information overload
3. Lack of quality in networked information (9)

Availability of excessive un-calibrated information
4. Difficulty in maintaining currency of networked information (4)

Control of data so that everyone works with the latest data
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com patibility am ong networked systems, an d  the lack of acceptance an d  support o f netw orking 

on the part o f m anagers and  colleagues who are reluctant to change the status quo.

D uring  one p o rtion  of the in te rv iew /s ite  v isits th a t w ere conducted  for th is  s tudy , 

participants w ere asked to identify factors tha t they thought either encouraged o r discouraged 

their use of netw orks. Their responses w ere sim ilar to  those elicited by  the m ail survey  (i.e., 

the sam e factors w ere cited, in about the sam e degree), although they tended to be m ore specific 

and  centered  on particu lar w ork occurrences. For exam ple, rather than  just saying, perhaps, 

th a t netw orks w ere not alw ays needed, an  interview ee com m ented tha t '1 m ore  often use 

hallw ay chats an d  post-its because I'm  usually  return ing  a docum ent that I've read  a t hom e, 

w ith  m y com m ents.' This greater specificity m ay be d u e  to  the ability of the in terv iew er to 

probe if an initial response w as too general.

There w ere, how ever, tw o general topics tha t arose in interview s to  a g rea ter extent than 

they d id  in the m ail survey. First, interviewees m ore often included m ention of their particular 

p references and  sk ills w hen n o ting  factors th a t in fluenced  their choice of a p a rticu la r 

com m unication channel, e.g., 'I prefer the phone, because I can talk faster than I can type,' 'I can 

w rite faster than I can type, so nets aren 't very useful to m e,' 'I d o n 't use v ideoconferences-even 

though the organization  pushes us to -because I 'd  rather take a trip,' 'I t 's  too h ard  to sketch on 

the com puter, so I send faxes,' 'I prefer calling so I can pick up  on people 's in tonations,' 'I used 

file transfer to m ake a point... everyone else uses FedEx an d  I got pissed: th is is the 90s and 

everyone should  be using the netw ork for this!' Interviewees also m entioned organizational 

tu rf battles and "em pire bu ild ing" m ore often than survey  respondents d id  as a factor that 

d iscou raged  use. In terv iew ees noted  several w ays th a t th is behavior affected  netw ork  

im p lem en ta tion  an d  use: ind iv idual d ep a rtm en ts  w ould  deny  access to  the ir system s to 

particu lar user groups, departm ents w ould fight over financial resources allotted for system s, 

departm ents w ould refuse to w ork tow ards achieving greater compatibility of system s.
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4.5.6. Sum m ary: Factors Associated w ith  N etw ork Use b y  Aerospace Engineers

D em ographic characteristics are, generally, no t strong pred ic tors of netw ork  use, although 

netw ork use appears to b e  m uch less com m on am ong people u n d er sixty o r w ith less than a year's 

tenure  in th e  aerospace industry , and to increase w ith educational level. N etw ork  use appears 

to be less w id esp read  in  the private sector than in governm ent and  academ ic spheres, w ith 

bench engineers and  those engaged prim arily  in  adm inistrative o r  suppo rt w ork  som ew hat less 

likely to  u se  netw orks th an  those engaged in  research. Use of netw orks is clearly  associated 

w ith  o rgan ization  size; sm aller o rganizations ap p ear to have ad o p ted  n e tw o rk s to a m uch 

lesser degree  than have the giant aerospace conglomerates.

C ertain  task  characteristics a re  on ly  m inim ally associated w ith  netw ork use. Task g roup  

size ap p ears  to bear v irtually  no relation  to netw ork use, except tha t ind iv id u als  perform ing 

tasks in d e p en d e n tly  m ad e  som ew hat g rea ter use o f electronic channels. T he geographic 

d ispers ion  o f  a task g ro u p  also appears to bear little relation to  netw ork  use: netw ork  use 

ap p ears  to b e  sligh tly  grea ter in  tasks spanning  several b u ild in g s a t a sing le  w orksite and 

sligh tly  less likely for task g roups spann ing  the U.S. (in terestingly, though, netw ork  use for 

in ternationally  d ispersed  task groups exceeded use  for nationally d ispersed  groups). N etw ork 

use appears to be inversely proportional to the organizational span  of a w orkgroup; confirm ing 

o th e r su rv ey  resu lts, netw orks w ere used  slightly  less in  perfo rm ing  task s th a t involved 

in terorganizational com m unication.

Survey responden ts claim  sim ilar "generic" reasons for using  netw orks as  for using  o ther 

com m unication  channels in perform ing w ork tasks, im plying tha t factors associated w ith  use 

a re  to som e ex ten t situationally -based , e.g., eng ineers w ill u se  w hatever channel is m ost 

efficient o r  effective, g iven a particu lar task situation. Interview  responses e laborate on the 

n a tu re  of situa tional factors that encourage netw ork  use (e.g., short an d  sim p le  m essages, 

know ledge th a t in tended  recipients will read and respond to e-m ail) or d iscourage it (e.g, need 

to com m unicate abou t a com plex, am biguous, or highly em otional topic; need to incorporate
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m ultip le  fo rm a ts-g rap h ic s , docum ents, physical devices--into the  d iscussion). Perceived 

enhancem ents to the speed of accom plishing w ork is obviously a factor associated w ith  netw ork 

use; m ore su rvey  responden ts considered netw orks--as opposed to face-to-face, exam ining 

p rin ted  m ateria l, mail, o r d irec t exam ina tion -to  be the quickest m eans of accom plishing a 

task. The o ther m ost often cited reasons for using netw orks w ere the accuracy and com pleteness 

o f the com m unication allow ed by networks, and the fact that everyone w as set u p  for their use.

A n u m ber of factors associated w ith  the eng ineer's  w ork env ironm en t seem  to b ea r a 

significant re la tionsh ip  to netw ork  use, especially the existence of w ork  resu lts  sto red  in 

d ig ital form , the need to conduct and  integrate one 's  w ork w ith o thers, d iverse inform ation 

needs, in tense tim e pressures, and the need to com m unicate w ith  peop le  beyond  one 's  ow n 

b u ild in g . N e tw o rk  aw aren ess  an d  accessib ility , th e  av a ilab ility  of su itab le  n e tw o rk  

app lica tions and  resources, organizational or external encouragem ent, and  form al train ing  

program s seem  to be the characteristics of the engineer's netw orking environm ent that are m ost 

strongly  associated  w ith  use. A traditional, hierarchical o rganizational s tru c tu re  and  the 

perfo rm ance o f classified o r p ro p rie ta ry  w ork seem  to have little  effect on  de term in in g  

w hether an  aerospace engineer uses netw orks. Further, netw ork p ro b lem s-su c h  as training 

d ifficulties, incom patib le and unreliable system s, and  the difficulty  of p red ic ting  costs and 

benefits—are m ore w idely  recognized am ong users than nonusers... w hile these d iscourage 

g reater use, perhaps, they seem  not to prevent use altogether. W hen asked for their personal 

op in ions ab o u t factors encouraging netw ork use, aerospace engineers m ost often  m entioned 

efficiency gains, ease of use, im proved inform ation access, retrieval and sharing, and  enhanced 

com m unication capabilities. Factors m ost often perceived as d iscouraging use w ere technical 

difficulties, lack of access, financial costs, lack of expertise, security  concerns, an d  lack of 

understanding and  encouragem ent on the part of m anagers and peers.
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4.6. Impact of Networks in the Aerospace Industry

4.6.1. Introduction

T his s tu d y 's  final research  ques tion  asks "What are the impacts o f network use on 

aerospace work and communication?" The concept of im pact w as approached in  the m ail survey 

by asking aerospace engineers to  report on the extent to which they used networks, to give their 

sum m ary assessm ent of netw ork im pact on the aerospace industry, to report their perceptions of 

bo th  the value of netw orks and the im pact of networks on their work, and  to p rov ide data on 

their use of various com munications channels which could then be used to explore the m anner in 

w hich com puter netw orks w ere substituted for other channels. Each approach sheds a slightly 

d ifferent light on the nature of networking im pact on aerospace w ork and com m unication. This 

section  rep o rts  on  the resu lts  of each approach  separate ly , a d d s  d a ta  from  the  s tu d y 's  

interview s w here relevant, and synthesizes the know ledge gained from each source of data.

4.6.2. Sum m ary Assessm ent of the Impact of Com puter Networks on the Aerospace Industry

The im pact of netw orking on the aerospace industry  m ay be considered, first of all, by

review ing the extent of netw ork use by aerospace engineers. Survey results ind icate  tha t a 

m ajority  of aerospace engineers (85%) use com puter netw orks, so the technology has m ade 

substan tia l in roads into this particu lar w ork com m unity. But w hile extensiveness of use 

ind icates an  effect, it does little to reveal the nature of that effect or, m ore specifically, the 

role that com puter netw orks play in  the worklife of the aerospace engineer.

The first question  on the mail survey elicited an overall assessm ent of im pact from  

respondents. The question w as placed a t the beginning of the survey so answ ers w ould m irror 

the m ost spontaneous reaction of respondents, before they had worked through an  entire survey 

on netw ork use. The percent of respondents selecting various replies to the question "Overall, 

how  w ould you describe your current reaction to com puter networks?" is presented in Table 4-25.
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4-25. Summary Impact Assessmenta

R espondents

R esponse C hoices

11 (%)

They have revolutionized aerospace work 186 (21)

They are very useful in many respects 494 (55)

They have certain worthwhile uses 168 (19)

1 am neutral or indifferent to them 34 ( 4)

1 have reservations about their value 11 ( D

They have limited value and can cause serious problems 4 (-4)

They are worthless and should not be implemented 0 (0 )

a B ase  = 897 (missing c a s e s  = 53). In c a s e s  w here percen tage is betw een 0 and 1, the  decim al percen tage  
is given, rounded to the  n earest tenth of a  percent.

It is clear th a t the overw helm ing  m ajority of aerospace engineers su rveyed  perceived the 

im pact of com pu ter netw orks on aerospace to be positive. W hile ab o u t one fifth of the 

respondents declared the im pact to be revolutionary, about an equal percentage w ere lukew arm , 

declaring tha t the im pact o f netw orks varied according to the use to w hich they w ere put.

Im pact assessm ents w ere cross-tabulated w ith selected respondent characteristics (major job 

type, branch of aerospace, job function, and  size of parent organization) and  chi-square statistics 

generated  from  the results. Some variation in  assessed im pact w as discovered, w ith significant 

variation  in  assessed im pact appearing according to size of paren t organization  (X2 = 58; DF = 

35; p  = .0089) and , to a lesser extent, according to job function (X2 = 78; DF = 55; p  = .0215). Table 

4-26 presents selected results from the cross-tabulation. It reveals the proportion  of respondents 

in  each category  w ho judged  the im pact of netw orks on the aerospace in d u stry  to be
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Table 4-26. Summary of Highest Impact Assessment, 
by Various Respondent Characteristicsa

R espondents Declaring that Networks 
Have “Revolutionized Aerospace Work”

o m
Respondent Characteristics

Job Type (n »  882)

Engineer 81 (20)
Manager 71 (21)
Scientist 13 (28)
O ther 20  (23)

Primary Job Function ( n - 871)

Administration 10 (12)
Research 30 (26)
Advanced/Applied Dev. 24  (21)
Design/Product Engineering 30
Industrial/Manuf’g Engineering 11
Quality Control/Assurance 12 (26)
Production 0 ( 0)
Sales/Marketing 4  ( 9)
Service/Maintenance 7 (30 )
Information Processing/Program’g 15
Teaching/Training 8
O ther 25  (25)

I!!!

Branch of Aerospace (n -  873)

Aerodynamics 19 (37)
Structures 19 191

2 1 )Propulsion 17
Flight Dynamics & Control 8 (16)
Avionics 21 (21 )
Materials & Processes 17 (14 )
O ther 84  (23 )

II!

No. of Employees in Parent Org. (n -  688)

< 5 0  5
50 -99  1
100-499 18 (20)
500-999  6 (15)
1000-4999 33 (23)
5000-9995  10 (15)
9996+ 65 (25)

a B ase varies according to num ber of missing c a s e s  and is given in p a ren th eses following each  respondent 
categ o ry .
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revolutionary. The table suggests tha t com puter netw orks have had  the g rea test im pact on  the 

w ork  of scientists, people w hose prim ary job function is inform ation processing, people w orking 

in the field of aerodynam ics, and people em ployed in very large organizations.

4.6.3. Perceived Value of Networks

The m ail survey  also explored the im pact of com puter netw orks on aerospace w ork  and 

com m unication in term s of the value ascribed to them  by aerospace engineers. Table 4-27 reports 

the perceived value of different types of netw orks by both users and nonusers o f each type (q.5). 

A clear pattern  em erges in respondents' views, w ith the perceived value decreasing as the scope 

of the netw ork  type expands beyond the engineer's im m ediate com m unity. Local netw orks, 

defined as connecting the user to people and resources w ith in  one w orkplace bu ild ing, w ere 

perceived as having "great" value to one's work by over half of the respondents. The perceived 

v a lu e  d ro p p e d  off su b stan tia lly  for o rg an iza tio n al, e x te rn a l/re se a rc h , an d  e x te rn a l/  

com mercial netw orks in turn , each of which represents an ever b roader link to those beyond the 

engineer's im m ediate g roup  of co-workers. It also appears that a substantial num ber of people 

w ho do no t use netw orks have difficulty im agining the potential value of external netw orks to 

their work. N ot surprising, nonusers' assessm ents of the value of d ifferent netw ork  types were 

m uch lower than those of users, either because they had tried using  netw orks and  stopped  after 

find ing  them  of little value, or because they had never tried netw orks an d  d id  no t anticipate 

tha t their use w ould be of great benefit.

Mail survey respondents also reported their assessm ents of the  value p rov ided  by electronic 

access to w ork resources (q.6). The value judgm ents of the actual users of each type of w ork 

resource a re  p resented  in Tables 4-28 and 4-29. Table 4-28 sum m arizes the extent to w hich 

aerospace engineers perceived that netw ork access to different k inds of people w ith w hom  they 

com m unicated w as valuable in their work. Once again, netw ork access to resources w ithin one 's
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4-27. Value of Each Network Type
(as Perceived by Both Users and Nonusers of Each Network Type)a

Respondents’ Assessments of Network Value

Great Some Slight None Don’t Know 
n  rn n  (%i n i f t l  n l % l  n  (%)

TYPE OF NETWORK/ 
Tvoe of Respondent

LOCAL (n - 8 5 1 )

Nonusers 46 (26) 55 (31) 31 (18) 29 (17) 15 ( 9)
Users 416 (62) 2 1 0 (3 1 ) 44 ( 7) 5  ( 1) 0 ( 0)
All Respondents 462 (54) 2 6 5 (3 1 ) 75 ( 9) 34  ( 4) 15 ( 2)

ORGANIZATIONAL (n = 844)

Nonusers 54 (22) 79 (33) 39 (16) 41 (17) 29 (12)
Users 326 (54) 208 (35) 57 (10) 7 ( 1) 4 ( 1)
All Respondents 380 (45) 287 (34) 96 (11) 48 ( 6) 33 ( 4)

EXTERNAL/RESEARCH (n = 787)
Nonusers 5 8 (1 6 )  1 1 3 (3 2 ) 61 (17) 66 (19) 56  (16)
Users 1 6 2 (3 7 )  1 7 6 (4 1 ) 7 6 (1 8 ) 11 ( 3) 8 ( 2 )
All Respondents 220 (28) 2 8 9 (3 7 ) 1 3 7 (1 7 ) 77 (10) 64  ( 8)

EXTERNAL7COMMERCIAL (n -  716)
Nonusers 3 1 ( 7 )  9 7 (2 2 ) 9 9 (2 3 ) 116 (27) 9 0 ( 2 1 )
Users 7 5 (2 7 )  1 0 3 (3 6 ) 7 7 (2 7 ) 18 ( 6) 10 ( 4)
All Respondents 1 0 6 (1 5 )  2 0 0 (2 8 ) 1 7 6 (2 5 ) 134 (19) 1 0 0 (1 4 )

a B ase varies according to number of missing c a se s  and is given in p a ren theses following each  respondent 
category. Row p ercen tages add to 100, except in c a s e s  of rounding error.
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organ ization  appears to be m ost im portan t to engineers, w ith abou t 40% of all responden ts 

ind icating  tha t netw ork access to people w ithin their ow n w orkgroup  o r institu tion  w as of 

"g rea t" value. N etw ork  access to  various k inds of peop le ou tside  o n e 's  o rgan ization  w as 

considered of "great" value by  only  about 25% of respondents overall, w ith  electronic access to 

colleagues in academ ia or governm ent outdistancing electronic access to clients, custom ers, and 

sponsors in  perceived value. This last group, in  fact, received substantially  m ore "none" and 

"d o n 't know " responses than any other category of hum an resource. Engineers w ithout netw ork 

access w ere m ore consistent in  their assessm ents of the potential value of netw ork  access to 

various k inds of people, b u t appear m ost anxious to acquire electronic links to people w ithin 

their ow n organizations and, to a som ew hat lesser degree, to external vendors an d  suppliers and 

o ther colleagues in  the private sector.

In general, aerospace engineers judged netw ork access to inform ation resources to be of 

g rea ter value than  netw ork access to people (see Table 4-29). The proportion  of responden ts 

rating  the value of networked access to inform ation resources they used in their w ork  as "great" 

ranged  from  25% for laboratory  notebooks to 60% for com puter p rogram s. O ther netw ork 

resources th a t w ere considered of "great" value by m ore than half of the responden ts w ere 

in te rnal financial data, experim ental o r test data , and  d raw ings or designs. M ost full-text 

n e tw ork  resources—such  as journal articles, equ ipm en t o r p rocedu res m anuals , com pany 

new sletters, and  m anufacturers' catalogues-received the h ighest value ra ting  from  only  about 

30% of respondents. In general, the value ratings of those w ith and w ithout access to networked 

inform ation resources seem m ore closely aligned than the two g roup 's  value ratings for network 

access to people. A nd, in contrast to perceptions abou t netw ork types and  the ability  to 

com m unicate w ith  o thers electronically, it is those w ithout electronic access to a few of the 

inform ation resources w ho actually  assign the greatest va lu e-o r, in their case, potential value- 

-to the ability to access such resources electronically. The low er value ratings by actual users of 

netw orked inform ation resources m ay be d u e  to the difficulty of electronic access and use, w hich
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4-28. Value of Network Access to Human Resources
(as Perceived by Those With & Without Network A ccess to Each Resource)^

Respondents’ Assessments of Value of Net Access 
Great Some Slight None Don’t Know 

n  (2fcl n {%) n (2 il n n l% l

R E S O U R C E /
Type of Respondent

P E O P L E  IN W O R K ­
G R O U P  O R  D E PT . (n -6 4 2 )

No Net Access 
Net Access 
All Respondents

14 (26) 
240 (41) 
254 (40)

18 (33) 
230 (39) 
248 (39)

13 (24) 
7 7 (1 3 )  
9 0 (1 4 )

6 (1 1 )  
30  ( 5) 
36  ( 6)

3 ( 6) 
11 ( 2) 
14 ( 2)

OTHER PEOPLE IN ORG. (n -  626)

No Net Access 
Net Access 
All Respondents

15 (29) 
246 (43) 
261 (42)

21 (40) 
223 (39) 
244 (39)

1 0 (1 9 )
7 5 (1 3 )
8 5 (1 4 )

2  ( 4) 
17 ( 3) 
19 ( 3)

4  ( 8) 
13 ( 2) 
17 ( 3)

COLLEAGUES IN 
ACADEMIA, GOVT, ( n - 363)

No Net Access 
Net Access 
All Respondents

11 (18) 
106 (35) 
117 (32)

25 (42) 
1 1 0 (3 6 )  
135 (37)

1 7 (2 8 )  
5 8 (1 9 )  
75 (21)

2 (  3) 
16 ( 5) 
18 ( 5)

5 ( 8) 
13 ( 4) 
18 ( 5)

COLLEAGUES IN 
PRIVATE INDUSTRY (n = 345)

No Net Access 
Net Access 
All Respondents

17 (2 2 )
6 9 (2 6 )
8 6 (2 5 )

32  (41) 
106 (40) 
138 (40)

20  (26) 
59  (22) 
79 (23)

5  ( 6) 
19 ( 7) 
2 4  ( 7)

4  ( 5) 
14 ( 5) 
18 ( 5)

EXTERNAL CLIENTS, 
CUSTOMERS, SPONSORS (n -  319)

No Net Access 
Net Access 
All Respondents

31 ( 7) 
75 (27) 

106 (15)

97 (22) 
1 0 3 (3 6 )  
200 (28)

9 9 (2 3 )  
77 (27) 

1 7 6 (2 5 )

116 (27) 
18 ( 6) 
134 (19)

90 (21) 
10 ( 4) 

100 (14)

E X TER N A L V E N D O R S ,
S U P P L IE R S  (n -  319)

No Net Access 20 (24) 3 2 (3 9 )  1 8 (2 2 ) 5 ( 6 )  8 ( 1 0 )
Net Access 62 (26) 9 0 (3 8 ) 5 2 (2 2 )  1 7 ( 7 )  1 5 ( 6
All Respondents 82 (26) 1 2 2 (3 8 ) 7 0 (2 2 )  22  ( 7) 23 ( 7)

a B ase  varies according to num ber of missing c a s e s  and is given in p a ren th eses  following each  respondent 
category . Row p ercen tag es add to 100, except in ca se s  of rounding error.

262

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

4-29. Value of Network Access to Information Resources 
(as Perceived by Those With & Without Network A ccess to Each Resource)^

Respondents* Assessm ents of Value of Net A ccess  

Great Som e Slight None Don’t Know
n ( 2 i l  n  m n  (%) n  n  {%}

R E S O U R C E /
Tvoe of Respondent

D O C U M E N T  CITATIONS, 
A B S T R A C T S  ( n - 3 3 6 )

No Net Access 25 (37) 2 (32) 1 7 (2 5 ) 2 ( 3) 2  ( 3)
Net Access 106 (40) 1 1 2 (4 2 ) 3 7 (1 4 ) 9 ( 3) 4  ( 2)
All Respondents 131 (39) 1 3 4 (4 0 ) 5 4 (1 6 ) 11 ( 3) 6  ( 2)

JOURNAL, TRADE
MAGAZINE ARTICLES (n -3 0 0 )

No Net Access 35 (33) 35 (33) 24 (22) 8 (  8) 5 ( 5)
Net Access 50 (26) 75 (39) 3 6 (1 9 ) 20 (10) 12 ( 6)
All Respondents 85 (28) 1 1 0 (3 7 ) 60 (20) 28 ( 9) 17 ( 6)

MANUALS (n - 3 0 1 )

No Net Access 27 (29) 26 (28) 29 (31) 7 (  7) 5  ( 5)
Net Access 57 (28) 80 (39) 4 3 (2 1 ) 16 ( 8) 11 ( 5)
All Respondents 84 (28) 1 0 6 (3 5 ) 72 (24) 23 ( 8) 16 ( 5)

INTERNAL TECHNICAL
REPORTS (n - 3 6 4 )

No Net Access 33 (37) 29 (33) 21 (24) 2 ( 2) 4  ( 5)
N et Access 106 (39) 1 0 3 (3 8 ) 4 4 (1 6 ) 12 ( 4 ) 10 ( 4)
All Respondents 139 (38) 1 3 2 (3 6 ) 65 (18) 14 ( 4) 14 ( 4)

COMPANY NEWS­
LETTERS, BULLETINS (n = 351)

No Net Access 16 (25) 1 9 (2 9 ) 1 8 (2 8 ) 8 (1 2 ) 4  ( 6)
Net Access 86 (30) 1 1 0 (3 9 ) 62 (22) 22  ( 8) 6 ( 2)
All Respondents 102 (29) 1 2 9 (3 7 ) 8 0 (2 3 ) 30 ( 9) 10 ( 3)

MANUFACTURERS',
SUPPLIERS' CATALOGS (n = 234)

No Net Access 29 (32) 32 (36) 1 8 (2 0 ) 5 ( 6) 6 ( 7)
Net Access 38 (26) 46 (32) 2 5 (1 7 ) 23 (16) 12 ( 8)
All Respondents 67 (29) 78 (33) 4 3 (1 8 ) 28 (12) 18 ( 8)

a B ase varies according to num ber of missing c a s e s  and is given in p a ren th eses following each  re sp o n d ed
category . Row p ercen tag es add to 100, except in c a s e s  of rounding error.
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4-29. Value of Network Access to Information Resources 
(Cont’d)

(as Perceived by Those With & Without Network Access to Each Resource)

Respondents’ Assessm ents of Value of Net A ccess  
Great

a  m
R E S O U R C E /
Type of Respondent

Some
n  m

Slight
n  m

None 
a  m

Don’t Know 
n  m

1 9 (2 6 )  
66 (36) 
85 (33)

20 (27) 
4 2 (2 3 )  
62 (24)

3 ( 4) 
15 ( 8) 
18 ( 7)

4  ( 5) 
8 ( 4 ) 

12 ( 5)

22 (35) 
1 1 0 (3 4 )  
1 3 2 (3 4 )

1 4 (2 2 )
6 0 (1 9 )
7 4 (1 9 )

2 ( 3) 
11 ( 3) 
13 ( 3)

2 ( 3) 
9 ( 3) 

11 ( 3)

19 (35) 
91 (40) 

1 1 0 (3 9 )

13 (24) 
3 4 (1 5 )  
4 7 (1 7 )

6 (1 1 )  
10 ( 4) 
16 ( 6)

5 ( 9) 
12 ( 5) 
17 ( 6)

9 (2 7 )  
7 3 (3 1 )  
82 (30)

4 (1 2 )  
2 7 (1 1 )  
31 (11)

3 ( 9) 
7 ( 3) 

10 ( 4)

4  (12) 
6 ( 3) 

10 ( 4)

8 (3 3 )  
54 (30) 
62 (30)

4 (1 7 )
2 3 (1 3 )
2 7 (1 3 )

2 ( 8) 

i S I S
2 ( 8) 

6 i l l

1 9 (2 8 )  
82 (31)

9 (1 3 )
2 6 (1 0 )

5 ( 7) 
13 ( 5)

5 ( 7)
6 ( 2)

CODES OF STANDARDS,
PRACTICES ( - 2 5 8 )

No Net Access 28 (38)
Net Access 53 (29)
All Respondents 81 (31)

D IR E C T O R IE S O F  P E O P L E  (n -3 8 4 )

No Net Access 23 (37)
Net Access 131 (41)
All Respondents 154 (40)

TRAINING MATERIALS (n -  290)

No Net Access 11 (20)
Net Access 79 (35)
All Respondents 90 (32)

INTERNAL FINANCIAL DATA (n = 271)

No Net Access 14 (41 )
Net Access 124 (52 )
All Respondents 138 (51)

PR O D U C T IO N  C O N TR O L 
DATA (n -  205)

No Net Access 8 (33)
Net Access 92 (51
All Respondents 100 (49

EX PER IM EN TA L O R  
T E S T  DATA (n -  331)

No Net Access 30 (44)
Net Access 136 (52)
All Respondents 1 6 6 (5 0 )  1 0 1 (3 1 ) 3 5 (1 1 ) 1 8 ( 5 )  11 ( 3)
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4-29. Value of Network Access to Information Resources 
(Cont’d)

(as Perceived by Those With & Without Network A ccess to Each Resource)

Respondents’ Assessm ents of Value of Net A ccess
Great Som e 

n  13&1 n (% )

RESOURCE/
Type of Respondent

PRODUCT/MATERIALS
C H A R A C T ER ISTIC S (n = 260)

No Net Access 
Net Access 
All Respondents

37 (48) 
80 (44) 

117 (45)

23 (30) 
6 0 (3 3 )  
83 (32)

TECHNICAL 
SPECIFICATIONS (n = :342)

No Net Access 
Net Access 
All Respondents

50 (54) 
115 (46) 
165 (48)

23 (25) 
9 0 (3 6 )  

1 1 3 (3 3 )

D ESIG N  C H A N G E FO R M S (n -1 9 3 )

No Net Access 
Net Access 
All Respondents

1 7 (3 9 ) 
66 (44) 
83 (43)

7 (1 6 )  
4 3 (2 9 )  
5 0 (2 6 )

LAB NOTEBOOKS (n - • 124)

No Net Access 
Net Access 
All Respondents

9 (21) 
22 (27) 
31 (25)

1 0 (2 3 )  
1 9 (2 4 )  
2 9 (2 3 )

DRAWINGS, DESIGNS (N = 384)

No Net Access 
Net Access 
All Respondents

4 0 (5 6 )
1 8 3 (59 )
2 2 3 (5 8 )

1 5 (2 1 ) 
73 (23) 
8 8 (2 3 )

C O M P U T E R  C O D E , 
P R O G R A M S (n = 346)

No Net Access 
Net Access 
All Respondents

16 (50) 
193 (62) 
209 (60)

8 (2 5 )  
7 7 (2 5 )  
8 5 (2 5 )

S ligh t N one D on’t Know 
n n  n (% )

1 2 (1 6 )
2 8 (1 5 )
4 0 (1 5 )

2 ( 3) 
9 (  5) 

11 ( 4)

3  ( 4) 
6 ( 3) 
9 ( 4)

1 2 (1 3 )
2 5 (1 0 )
3 7 (1 1 )

4  ( 4) 
11 ( 4) 
15 ( 4)

4  ( 4) 
8 ( 3) 

12 ( 4)

13 (30) 
2 6 (1 7 )  
3 9 (2 0 )

3 ( 7) 
9 ( 6) 

12 ( 6)

4  ( 9)
5 ( 3) 
9 ( 5)

1 5 (3 5 )  
1 7 (2 1 )  
3 2 (2 6 )

7 (1 6 )  
1 7 (2 1 )  
24  (19 )

2 ( 5) 
6 ( 7) 
8 ( 7)

1 2 (1 7 )  
29 ( 9) 
41 (11)

2 (  3) 
19 ( 6) 
21 ( 6)

3  ( 4) 
8 ( 3) 

11 ( 3)

5 (1 6 ) 2 ( 6) 1 ( 3)
25  ( 8) 14 ( 5) 5 ( 2)
30  ( 9) 16 ( 5) 6 ( 2)
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could  lim it the value of netw ork  accessibility.

Table 4-30 reports  m ail survey responses related to aerospace engineers' percep tions of the 

value of d iffe ren t n e tw ork  applications (q.7) and p resen ts the responses of bo th  users an d  

n o n u se rs  o f each app lica tion . N o n u sers  include those for w hom  a p a r tic u la r  n e tw o rk  

application  is n o t available, as well as those who never u se  a particu lar application , even if it 

is available. In o rder that value assessm ents not be colored by a  responden t's  lack of need for an 

app lica tion  th a t m igh t have no  u tility , given his o r h e r w ork  responsib ilities (e.g., design  

engineers w ould  declare com puter-integrated m anufacturing to be of no value in  the ir w ork  if 

they  had no connection a t all w ith  the m anufacturing process), responden ts w ere  g iven  the 

op tion  of ind icating  tha t a  particu lar netw ork application  w as not applicab le to th e ir  w ork. 

Voice mail and  fax w ere included in the list of applications, for the sake of com parison betw een 

CM C applications and o ther recent advances in telecom m unications tha t w ould  also  be p a rt of 

the suite of com m unication channels open to engineers.

Ranking applications in  o rd er of the proportion of all respondents w ho perceived them  as 

hav ing  "great" value to their w ork reveals that the five m ost valuable CM C applications are: 

transferring data  or text files (55%), e-mail (51%), rem ote login (44%), rem ote access to data  or 

text files (43%), and  accessing or transferring images (38%). Fax w as deem ed of "great" value 

by the highest num ber of respondents overall (77%), and voice m ail also ranked h igh  (48%) as 

a valuable application .

It a p p e a rs  a s  if a ssessed  v a lu e  varies w ith  the  "g e n e ra lity "  of an  a p p lica tio n ; 

applications such as e-mail and  fax tha t can support v irtually  any w ork task  are am ong  those 

applications rated  as m ost valuable, w hile more single-purpose applications such as  EDI and  

on line library catalog searching ranking  lower. O ne the o ther hand , several m ore  "generic" 

applications such as electronic bulletin boards and videoconferencing also ranked low er; it m ay
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4-30. Value of Network Applications 
(as Perceived by Both Users and Nonusers)a

Respondents’ Assessm ents of Application’s  Value

Great Some SLiflM None Don’t Know

n (%) n m n m n m n m
A P P L IC A T IO N /
Tvpe of Respondent

E LEC TR O N IC  MAIL ( n - 8 4 7 )

Nonusers 56 (23) 78 (32) 34 (25) 23 (14) 53 (22)
Users 378 (63) 168 (28) 50 ( 8) 2 ( .3 ) 5 ( •8 )
All Respondents 434 (51) 246 (29) 84 (10) 25 ( 3) 58 ( 7)

E L E C T R O N IC  B B ’s,
MAILING LISTS, etc. (n -  796)

Nonusers 40 (12) 103 (30) 73 (21) 42 (12) 86 (25)
Users 159 (35) 198 (44) 91 (20) 1 (•2 ) 3 ( •7 )
All Respondents 199 (25) 301 (38) 164 (21) 43 ( 5) 89 (11 )

REAL-TIM E M ESSA G IN G  ( n . 

Nonusers

.767)

49 (10) 101 (22) 118 (25) 68 (15) 132 (28 )
Users 133 (45) 88 (29) 71 (24) 7 ( 2) 0 ( 0)
All Respondents 182 (24) 189 (25) 189 (25) 75 (10) 132 (17 )

V ID EO C O N FER E N C IN G  ( n -  

Nonusers

743)

77 (15) 116 (23) 86 (17) 73 (14) 152 (30)
Users 84 (35) 100 (42) 50 (21) 2 ( 1) 2 ( •8 )
All Respondents 161 (22) 217 (29) 136 (18) 75 (10) 154 (21)

V O ICE MAIL (n = 788)

Nonusers 48 (17) 71 (24) 51 (18) 44 (15) 76 (26)
Users 330 (66) 119 (24) 36 I 7) 7 ( 1) 6 ( 1)
All Respondents 378 (48) 190 (24) 87 11) 51 ( 7) 82 (10)

FAX (n -8 3 2 )

Nonusers 22 (29) 21 (28) 6 ( 8) 9 (12) 17 (23)
Users 619 (82) 115 (15 ) 18 ( 2\ 0 ( °) 3 ( • 4
All Respondents 641 77 136 16 24 ( 3 9 1 22 ( 3

a B ase  varies according to num ber of missing c a se s  and is given in p a ren th eses following each  respondent 
category. In c a s e s  w here percen tage  is betw een 0 and 1, the decim al percen tage is given, rounded to  the 
n ea re st ten th  of a  percent. Row percen tages add to 100, except in c a s e s  of rounding error.
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4-30. Value of Network Applications (Cont’d)
(a s  P erce ived  by Both U sers an d  N o n u se rs)

Respondents' A ssessm ents of Application’s  Value
Great Some Slight None Don’t Know

Not App IIc.
n m n m a m n m n m

A P P L IC A T IO N /
Tvdb o f Respondent

E L E C T R O N IC  JO U R N A L S , 
N E W S L E T T E R S  (n -  724)

Nonusers 55 (10) 144 (27) 129 (25) 65 (12) 133 (25)
Users 47 (24) 71 (36) 71 (36) 5 ( 3) 4 ( 2)
All Respondents 102 (14) 215 (30) 200 (28) 70 (10) 137 (19)

E L E C T R O N IC  DATA 
IN TERCHAN GE (n -7 1 0 )

Nonusers 48 ( 8) 99 (17) 79 (13) 124 (21) 247 (41)
Users 40 (35) 46 (41) 22 (20) 5 ( 4) 0 ( 0)
All Respondents 88 (12) 145 (20) 101 (14) 129 (18) 247 (35)

REMOTE LOG-IN (n = 808) 

Nonusers 53 (16) 74 (23) 44 (14) 59 (18) 96 (29)
Users 304 (63) 113 (23) 54 (11) 2 ( .4 ) 9 ( 2)
All Respondents 357 (44) 187 (23) 98 (12) 61 ( 8) 105 (13)

R E M O T E  A C C E S S  T O  
DATA, T EX T FILES (n -  743)

Nonusers 49 (16) 81 (26) 51 (16) 50 (16) 93 (30)
Users 298 (60) 144 (29) 50 (10) 0 ( 0) 6 ( 1)
All Respondents 347 (43) 225 (28) 101 (13) 50 ( 6) 99 (12)

O N L IN E  B IBLIOG . 
SE A R C H IN G  {n -  754)

Nonusers 82 (17) 106 (22) 93 (19) 67 (14) 138 (28)
Users 113 (42) 92 (34) 59 (22) 2 ( 1) 2 ( 1)
All Respondents 195 (26) 198 (26) 152 (20) 69 ( 9) 140 (19)
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4-30. Value of Network Applications (Cont’d)
(a s  P erceived  by Both U se rs  an d  N o n u se rs)

Respondents’ A ssessm ents of Application’s  Value

G rea t some snaht N one Don’t Know
Not Appiic.

n  £2£1 n <%) n  (%) n  n 1%)

APPLICATION / 
Tvoe of Respondent

ONLINE LIBRARY CATALOG 
SEARCHING (n = 736)

Nonusers
Users
All Respondents

O PE R A T IO N  O F  R E M O T E  
D EV IC ES (n - 7 2 8 )

Nonusers
Users
All Respondents

C O M PU T E R -IN T EG R A T ED  
MANUFACTURING (n = 734)

Nonusers
Users
All Respondents

TRANSFERRING DATA OR 
TEXT FILES (n = 805)

Nonusers
Users
All Respondents

A C C E S S IN G  O R  T R A N S­
FER R IN G  IM AGES (n = 752)

Nonusers
Users
All Respondents

70 (14) 101 (20) 95 (19) 81 (16) 166 (32)
109 (49) 78 (35) 29 (13) 4 ( 2) 3 ( 1)
179 (24) 179 (24) 124 (17) 85 (11) 169 (23)

61 (10) 95 (16) 83 (14) 129 (22) 228 (38)
74 (56) 29 (22) 25 (19) 1 ( 1) 3 ( 2)

135 (19) 124 (17) 108 (15) 130 (18) 231 (32)

91 (15) 61 (10) 59 (10) 153 (25) 248 (41)
72 (60) 29 (24) 14 (12) 4 ( 3) 2 ( 2)

163 (22) 90 (12) 73 (10) 157 (21) 250 (34)

57 (25) 49 (21) 29 (13) 31 (13) 66 (28)
387 (68) 132 (23) 48 ( 8 ) 2 ( .3 ) 4 ( 1)
444 (55) 181 (23) 77 (10) 33 ( 4) 70 ( 9)

72 (17) 92 (22) 43 (10) 64 (15) 148 (35)
212 (64) 81 (24) 35 (11) 1 (-3 ) 4 ( 1)
284 (38) 173 (23) 78 (10) 65 ( 9) 152 (20)
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be that the g roup  com m unication and access to published literature functions are not perceived 

by aerospace engineers of being of critical im portance, or th a t technology su p p o rtin g  any 

activity  engaged in  only interm ittently  (such as interactive g ro u p  com m unication  or accessing 

published  literature) w ould  be perceived as less value to w ork  than technology suppo rting  

activ ities th a t occurred  on v irtua lly  a daily  basis (such as  com m un icating  w ith  an o th er 

individual o r accessing som e kind of text or data). Examining only  the responses of users of each 

app lica tion  pain ts a slightly  d ifferen t picture; although  the sam e app lica tions are ranked  

m ost h ighly by  the largest num ber of respondents (with the exception of com puter-in tegrated  

m anufacturing, w hose assessed value rises to such a degree that it becomes, w ith  rem ote access 

to data  an d  text files, the sixth m ost highly ranked netw ork application), the  p ropo rtion  of 

"great" value assessm ents for each application is m uch higher.

4.6.4. C hannel Substitu tion

The deg ree  to  w hich a new  com m unication  channel su p p la n ts  trad itio n a l m eans of 

in teracting  w ith  o thers  or o f creating  and transferring know ledge is of in te rest for several 

reasons. First, the substitu tion  of one channel for another is an  im portan t im pact in  its ow n 

righ t, often hera ld ing  social an d  econom ic changes w ithin organ izations, com m unities, o r 

society at large. In add ition , an  exploration of reasons behind any channel substitu tion  can 

th row  the n a tu re  of the com m unication  itself into relief, suggesting  how  it fits w ith in  the 

larger context of the com m unity being studied and delineating its features m ore obviously.

In this study, m ail survey responses w ere used to gauge the im pact of com puter netw orks in 

the aerospace industry  in term s of their substitution for other com m unication channels. Survey 

responses (from  q.14 and q.4) w ere analyzed to com pare the degree to w hich netw ork users and 

nonusers relied on channels other than com puter netw orks in perform ing som e im portant w ork 

task. The po in t of th is  analysis is to identify w hich traditional channels ap p e ar to be m ost 

often replaced by com puter networks am ong those engineers w ho use netw orks in their work.
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A ccording to the  results presented in Table 4-31, it w ould appear th a t com puter netw orks 

have no t caused aerospace engineers to alter greatly their use of o ther com m unication channels. 

The relative use of various com m unication channels by  netw ork users and  nonusers is qu ite  

sim ilar. Aerospace engineers w ho use com puter netw orks seem  less likely than nonusers to rely 

on the  telephone in  perform ing w ork tasks, bu t that appears to be the only channel substitution 

tha t has occurred to any  great degree. As has been found in  o ther studies as well, com puter use 

apparen tly  does no t reduce the need for face-to-face in teractions w ith o ther people; in fact, a 

h igher percentage of netw ork users (70%) than nonusers (63%) used  face-to-face com m unication 

in  perform ing  a recent, im portan t w ork task. W hile the proportion  of netw ork  users w ho 

em ployed all o ther channels w as indeed lower than the proportion  of nonusers relying on them, 

the difference w as m inim al.

If te lephones are used for informal com m unication betw een individuals, then that is w here 

com puter netw orks w ould  appear to be having the greatest im pact. Reductions in phone use 

could result in cost savings (if long distance charges are replaced by cheaper netw ork  costs), and 

in efficiency gains (as "phone tag" and the need to contact each m essage recipient individually  

are elim inated). Social im plications could be both positive (e.g., a record of the exchange is 

left for greater control) and  negative (e.g., as one experiences a lack of personal contact).

4.6.5. Perceived Im pacts on Aerospace Engineering W ork and Com m unication

The survey also solicited aerospace engineers' assessm ents of specific netw orking im pacts. 

In one questionnaire m atrix (q.21), respondents first indicated w hether they though t netw orks 

decreased greatly , decreased som ew hat, had no effect on , increased som ew hat, or increased 

greatly  each of the aspects of work and com m unication listed. They then indicated  w hether 

they  h ad  personally  experienced the effect ind icated , and w hether they  considered  the 

perceived netw ork ing  effect to be a m ajor problem , a m ajor benefit, o r neither. Table 4-32 

p resen ts selected resu lts from  this section of the survey. All "increase greatly" and "increase
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Table 4-31. 
Substitution of Computer Networks for Other 

Communication Channels in Performing Work Tasksa

(Comparison of the Proportion of Network Users vs. Nonusers 
Who Utilized Each Channel)

fletootk
Users

d  m
Network

Nonusers
o e a

S tandard  Error,ot
the Difference Slanif.

C hannel Utilized In 
Perform ing Work T askb
Telephone 263 (35) 61 (45) .0462 2.3821

Face-to-face interaction 531 (70) 85 (63) .0448 1.564

Fax 138 (18) 33 (24) .0393 1.526

Examining printed material 275 (36) 58 (43) .0460 1.521

Non-networked computer 89 (12) 22 (16) .0337 1.484

Internal or US mail 46 ( 6) 12 ( 9) .0261 1.150

Voice mail 57 ( 8) 12 ( 9) .0265 .377

Direct examination, testing 126 (17) 23 (17) .0350 .114

a Base = 893 (missing cases = 57).

Includes all responses indicating that communication channel was utilized (i.e., respondents preceded 
channel by a  “P" indicating primary channel, an “S,” indicating secondary channel, or a  check mark, 
indicating use perse ) .

c Test statistic is the difference between the two independent proportions (i.e., users and nonusers) divided 
by the standard error of the difference between the proportions, with the critical value of 1.96 (to establish 
significance at the .05 level). An asterisk (*) indicates that the difference between users and nonusers is 
significant at the .05 level (i.e., would occur by chance 5% of the time or less).
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som ew hat" responses w ere grouped together and the sum m ary figure reported in  the table; the 

sam e procedure w as followed for all "decrease" responses. Results appear in  descending order, 

w ith  the effects perceived by the greatest percent o f responden ts listed first. The table also 

show s the percent of respondents who felt that each netw ork effect represented a  m ajor problem  

o r benefit in aerospace work.

A w ord  of cau tion  abou t in te rp re ting  all results stem m ing from  the im pacts m atrix  is 

necessary. Review of the survey data suggests that m any respondents experienced difficulty in 

com pleting the "Im pacts" matrix, finding the question form at too com plex and  am biguous to 

answ er easily. As discussed below  (and in section 4.8 on reliability an d  valid ity  of s tudy  

results), som e cf the responses appear illogical and, further, several responden ts com m ented 

explicitly  on  the difficulty  of the matrix. Thus, results should  be in te rp re ted  w ith  caution; 

resu lts associated w ith  the m ost am biguous item s should be viewed w ith skepticism , and  a 

higher standard  of effect size should be applied.

Some of the im pacts listed relate directly to inform ation transfer processes them selves, 

w hile o thers represen t efficiency o r  effectiveness gains in w ork  an d  com m unication. O ther 

im pacts, such as the increased "coherence w ith one 's  w ork com m unity" describe second o rder 

effects, w hich are also im portant w ithin the general w ork context. M any of the im pacts listed, 

such as "increases the am ount of inform ation available" are generic in the sense that they may 

be felt by other types of users beyond those in the engineering com munity.

O ver half of the respondents felt that netw orking produced a "m ajor benefit" in relation to 

the following aspects of w ork and communication:

• The am ount of inform ation available

•  The exchange of inform ation and ideas across organizational boundaries

• The efficiency of contacting people

• The ability to com plete projects on schedule

• Responsiveness to customers, clients, etc.
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•  The ability to stay on the cutting edge of new  know ledge

• The docum entation, evaluation of work processes

•  The ability to com m unicate w ith otherw ise inaccessible people

•  The ability to express problem s and ideas a t po in t of need

• The perform ance of w ork a t home, on the road, off-site

•  The feasibility and  size of collaborative efforts

•  The turn-around tim e on solving problems.

The tw o effects cited by the greatest num ber of respondents deal w ith  inform ation access and 

exchange. Two of the  next m ost com m only cited im pacts signify im portan t efficiency gains. 

Because m ost respondents considered the increase in  the am ount of inform ation available to be a 

m ajor benefit, it appears as if the problem  of inform ation overload does n o t figure prom inently  

w ith  aerospace engineers. Exchanging inform ation across organizational b o u n d a r ie s -a  key 

tenet of concurrent engineering—would indeed appear to be fostered by com puter netw orks in the 

aerospace industry.

O f those im pacts listed th a t w ould provide a d irect personal benefit to the ind iv idual 

engineer, it is those related to know ledge transfer tha t appear to be the strongest (i.e., "ability 

to stay on the cutting edge of new  know ledge" and "ability to express ideas and  problem s at the 

p o in t of need"). Im pacts related to w ork flexibility appear next, a long w ith "coherence w ith 

one 's  w ork com m unity." Finally, only about a third of those aerospace engineers surveyed felt 

th a t com pu ter netw orks increased their sta tus am ong their peers o r con tribu ted  to career 

advancem ent; on  the  o ther hand , virtually  no respondents felt tha t netw orks had a negative 

effect on  professional status and gains.

C iting  the increased tu rn aro u n d  tim e in solving problem s as a m ajor benefit seem s 

counterin tu itive, if one assum es that it is always advantageous to solve problem s as  quickly as 

possible. This m ay be an  artifact of the general com plexity of the m atrix form at used in this 

question , as  noted  above. Some respondents apparen tly  had d ifficu lty  w ith  the "decrease /
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Table 4-32. Perceived Impacts of Computer Networks: 
Summary of Matrix Resultsa

Respondents Reporting Respondents Reporting
Effect Is To: Effect Is a Major:

D ecrease Increase Problem Benefit

Aspects of Work and 
Communication

a m n m n m n  m

Amount of information available 18 (2 ) 771 (87) 20 (3 ) 56 2  (76)

Exchange of information, ideas 
across organizational boundaries 22 (3 ) 645 (74) 9 ( 1) 471 (72)

Efficiency of contacting people 36 (4 ) 609 (70) 23 (3 ) 4 3 4  (64)

Ability to complete projects, develop 
products on schedule 53 (6 ) 563 (65) 17 (3 ) 411 (64)

Responsiveness to customers, clients 17 (2 ) 563 (65) 20 ( 3) 41 7  (65)

Ability to stay on cutting edge of 
new knowledge 20 (2 ) 555 (64) 7 ( 1) 39 0  (61)

Documentation, evaluation of 
work processes 31 (4 ) 557 (64) 14 (2 ) 38 8  (60)

Ability to communicate with otherwise 
inaccessible people 17 (2 ) 545 (63) 12 (2 ) 401 (62)

Use of expensive computers and 
computerized devices 91 (11) 535 (62) 154 (24) 183 (28)

Ability to express ideas, problems at 
point of need 46 (5 ) 523 (60) 22 ( 3 ) 37 2  (57)

Need for face-to-face interaction 486 (55) 85 (10) 75 (11) 22 6  (34)

Performance of work at home, on 
the road, off-site 18 (2 ) 463 (53) 18 ( 3) 31 5  (51)

Management control 65 (8 ) 458 (53) 36 ( 6) 30 5  (49)

Feasbility, size of collaborative efforts 24 (3 ) 460 (53) 12 ( 2) 301 (51)

Flexibility in work structures, patterns 30 (3 ) 456 (53) 16 (3 ) 289  (48)

a Base varies, according to number of missing cases, which ranged from 66 missing c ases (for “Amount of 
information available”) to 89 (for "Flexibility, size of collaborative efforts").
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Table 4-32. Perceived Impacts of Computer Networks: 
Summary of Matrix Results 

(Cont’d)

Respondents Reporting Respondents Reporting
Effect Is To: Effect Is a Major:

Decrease Increase Problem Benefit

Aspects of Work and 
Communication

a m a m a (%) n  m

Coherence with one’s work community 70 (8 ) 454 (52) 26 ( 4) 283 (45)

Duplication of effort 451 (52) 120 (14) 67 (11) 309 (48)

Ability to complete projects within 
budget 48 (6 ) 410 (47) 32 ( 5) 284 (46)

Turnaround time on solving problems 223 (29) 408 (47) 22 ( 3) 472 (70)

Major system security problems 29 (3 ) 372 (43) 267 (45) 27 (5 )

Amount of time spent fooling around 79 (9 ) 372 (43) 182 (29) 58 ( 9)

Leaks of proprietary or sensitive 
information 32 (4 ) 329 (38) 238 (40) 30 ( 5)

Number of changes required in 
final products 281 (32) 136 (16) 41 ( 7) 253 (42)

Degree of status among one’s peers 7 ( 1) 259 (30) 11 ( 2) 122 (21)

Sense of ownership of, commitment to 
work product 62 (7) 251 (29) 28 (5 ) 159 (27)

Rate of career advancement 13 (2 ) 209 (24) 19 ( 3) 124 (22)

Communication with people NOT 
on the network 190 (22) 126 (14) 135 (22) 84 (14)

Number of staff employed 192 (22) 92 (11) 39 ( 7) 107 (19)
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"increase" scale used in  th a t question, applying it ra ther as the degree  of "bad" to  "good" 

influence of netw orks. But another possible explanation  is th a t som e responden ts felt tha t 

netw orks allow ed for m ore extensive inpu t into the problem -solving process, w hich increased 

the tim e required  to arrive a t a solution, bu t also im proved the quality  of the solution.

O f the m ajor p rob lem s cited, 45% of responden ts  perceived a risk  of system  security  

p roblem s and  40% feared leaks of proprietary  inform ation. A bout 30% of aerospace engineers 

surveyed felt tha t the effect of netw orks on the tim e tha t people spen t "fooling around" w as a 

m ajor p ro b lem  w hile  ab o u t 20% cited  as  a m ajor p rob lem  the  effect of n e tw o rk s on 

com munication with nonusers of networks.

A separate analysis was undertaken to com pare network users' an d  nonusers' responses about 

the degree  of effect of netw orks on  aerospace work. The resu lts indicate little d ifference in 

perceived im pacts betw een the two groups, although netw ork users system atically perceived a 

slightly larger effect than d id  nonusers for each aspect of w ork an d  com m unication.

An obvious question to raise is: how  m any aerospace engineers have actually  experienced 

the im pacts tha t w ere proposed in the mail survey? Table 4-33 prov ides an answ er, reporting  

the percen t o f all responden ts w ho claim ed to have personally  experienced each degree of 

netw ork im pact on the various aspects of w ork and com m unication listed. These data  suggest 

tha t a substantial num ber of aerospace engineers are experiencing som e im pact on their w ork 

an d  com m unication d u e  to com puter networks, although the degree of im pact experienced, by 

an d  large, is no t considered great. O ver half of the respondents claim ed to  have personally  

experienced an  increase in  the am ount of inform ation available. A t least a th ird  reported  that 

they had  experienced a decrease in  the need for face-to-face interaction and an  increase in the 

exchange of ideas and inform ation across organizational boundaries, the efficiency of contacting 

people, the use of expensive com puters and com puterized devices, and  the ability  to express 

ideas and  problem s a t the point o f need. More than a quarte r reported  hav ing  personally  

experienced an  increase in the ability to com plete projects and develop  p roducts on schedule,
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Table 4-33. Impacts of Computer Networks 
Experienced by Aerospace Engineersa

Respondents Experiencing Each Degree of Effect
Decrease

Greatly
Decrease
Somewhat

No
Effect

Increase
Somewhat

Increase
Grady

Aspects of Work and 
Communication

n m n m n m n m n m

Amount of information available 6 ( 1) 6 (1) 5 (1) 172 (19) 311 (35)

Exchange of information, ideas 
across organizational boundaries 2 (.2) 4 (.5 ) 19 ( 2) 220 (25) 127 (15)

Efficiency of contacting people 5 ( 1) 10 (3 ) 34 ( 4) 196 (23) 153 (18)

Ability to complete projects, 
develop products on schedule 6 ( 1) 20 ( 2) 25 (3 ) 191 (22) 82 ( 9)

Responsiveness to customers, 
clients 1 (•1) 4 ( -5) 28 ( 3) 175 (20) 86 (10)

Ability to stay on cutting edge of 
new knowledge 4 ( -5) 6 (1 ) 34 ( 4) 150 (17) 76 (9 )

Documentation, evaluation of 
work processes 1 (■1) 5 (1 ) 29 ( 3) 170 (20) 89 (10)

Ability to communicate with 
otherwise inaccessible people 3 (-4) 3 (.4 ) 35 ( 4) 178 (21) 90 (10)

Use of expensive computers 
and computerized devices 8 ( D 26 ( 3) 16 ( 2) 169 (19) 117 (14)

Ability to express ideas, problems 
at point of need 6 ( 1) 18 (2 ) 28 ( 3) 192 (22) 120 (14)

Need for face-to-face interaction 48 (5 ) 247 (28) 69 ( 8) 26 ( 3) 15 (2 )

Performance of work at home, 
on the road, off-site 2 ( -2) 7 (1 ) 39 (5) 121 (14) 81 (9 )

a Base varies according to number of missing cases, which range from 66 missing cases (for “Amount of 
information available”) to 89 for (“Feasibility, size of collaborative efforts"). Percentages are calculated on 
the base for each aspect of woik listed, i.e., on the number of individuals offering a response for that aspect 
of work. The "dont know" responses are not reported. In cases where percentages are between 0 and 1, 
the decimal percentage is given, rounded to the nearest tenth of a percent. Row percentages do not add to 
100, because they are calculated on the base of all respondents, not the base of those respondents who 
had personally experienced impacts.
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Table 4-33. Impacts of Computer Networks 
Experienced by Aerospace Engineers 

(Cont’d)

Respondents Experiencing Each Degree of Effect

Decrease
Greatly

Decrease
Samaabaf

No
Effect

Increase
Somewhat

Increase
Greatly

Aspects of Work and 
Communication

n (%) n m n m n  m n m

Management control 9 1) 17 (2) 36 (4) 148 (17) 65 (8 )

Feasibility, size of collaborative 
efforts 0 0) 4 (•5) 31 (4) 115 (13) 61 (7 )

Flexibility in work structures, 
patterns 1 •1) 6 ( 1) 27 (3 ) 128 (15) 58 (7 )

Coherence with one's work 
community 5 1) 22 (3) 38 (4) 165 (19) 59 (7 )

Duplication of effort 64 7) 139 (16) 33 (4) 42 ( 5) 17 (2 )

Ability to complete projects 
within budget 4 •5) 15 (2) 44 (5 ) 133 (15) 43 (5 )

Turnaround time on solving 
problems 33 4) 97 (11) 18 (2 ) 126 (14) 103 (12)

Major system security problems 2 2) 6 ( 1) 49 (6 ) 57 (7 ) 27 ( 3)

Amount of time spent fooling 
around 15 2) 16 (2) 53 ( 6) 126 (15) 27 (3 )

Leaks of proprietary or sensitive 
information 2 •2) 7 ( 1) 44 (5 ) 58 (7 ) 19 ( 2)

Number of changes required in 
final products 39 5) 86 (10) 42 (5 ) 44 (5 ) 20 ( 2)

Degree of status among one’s 
peers 2 •2) 0 (0) 83 (10) 93 (11) 22 (3 )

Sense of ownership of, commi- 
ment to work product 6 1) 9 ( 1) 66 (8 ) 86 (10) 22 (3 )

Rate of career advancement 3 •4) 2 (•2) 88 (10) 53 ( 6) 18 ( 2)

Communication with people 
NOT on the network 19 2) 75 (9) 113 (13) 42 (5 ) 18 ( 2)

Number of staff employed 9 1) 63 ( 7) 68 ( 8) 32 ( 4) 4 (-5)
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responsiveness to custom ers and  clients, the ability  to  stay on the cu ttin g  edge of new  

know ledge, the docum entation  and evaluation of work processes, the ability to  com m unicate 

w ith otherw ise inaccessible people, coherence w ith one's w ork com m unity, and  the turnaround 

tim e on solving problem s. Increases in security problem s and leaks of p roprie tary  inform ation, 

and  reduced com m unication w ith nonusers of networks, were actually experienced by only about 

10% of respondents; close to 20% of respondents, however, said they personally experienced an 

increase in  the am ount of tim e people spent fooling around, due to networks. O nce again, these 

resu lts indicate tha t com puter netw orks are having a substantial positive effect on  the conduct 

of w ork  in  the aerospace industry . The negative effects should also be taken seriously: few 

o rg an iz a tio n s  w ou ld  co n s id er a 10% chance of m ajor secu rity  p ro b lem s acceptab le.

A lthough  the list of possib le netw ork  im pacts w as d raw n from  the  lite ra tu re  and  the 

p relim inary  site v is its /in te rv iew s for th is and study  and, thus, should p rov ide an  adequate  

p icture of range of im pacts perceived by aerospace engineers, the mail survey also contained an 

open question on im pacts in o rder to elicit descriptions of effects framed from respondents ' ow n 

experiences and  expressed in  their ow n w ords. In a section labelled "C oncluding the Survey" 

aerospace eng ineers w ere asked  (q.31): "W hat do  you m ost w an t to convey to netw ork  

policym akers, service p roviders, o r organizational m anagers about the im pact of com puter 

netw orks on w ork and com munication in aerospace?" Answers to this question w ere provided by 

601 su rvey  responden ts (63%), suggesting  that people w ere in terested  in expressing  their 

op in ions on th is m atter. M any of their com m ents dealt only tangentially w ith im pact, in that 

they offered com m ents and recom m endations about com puter netw orks and  how  they should be 

im plem ented in order to achieve desired results; these results are discussed below  in section 4.7. 

Responses tallied in Table 4-34 include those indicating both actual and potential impacts.

The open  responses co rrespond qu ite  closely w ith the results derived  from  the closed 

responses from the survey m atrix, although each question form at elicited some un ique responses 

and  the exam ples of im pacts presented by engineers in their open responses provide additional
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Table 4-34. Computer Network Impacts and Recommendations:
Summary of Open Responsesa

Numbers in parentheses Indicate the number of items coded in each category. 
Examples of Items appear In italics. 

A. Positive Impacts (226)
1. Enhances productivity, quality of work processes and products (60)

There is a tremendous improvement in the quality o f design work and accuracy 
o f translating designs into manufactured products

2. Improves information access and processing (38)
a. Improves information access (21)

Vastly enhanced capability to access the*greatest* volume o f "current* 
data and doing so in the *least* amount o f time

b. Improves information storage, updating, transfer, and control (17)
They are certainly necessary for prompt information flow

3. General (35)
A very significant positive impact!

4. Improves efficiency (25)
Increases efficiency

5. Improves communication (24)
"PROFS", no longer available at my work location, provided a major 
improvement in communication...

6. Facilitates teamwork, integration of efforts, information and resource sharing (20)
Networks provide an invaluable link between individuals, work groups, 
divisions, and subsidiaries within a company

7. Enhances competitiveness (12)
Greatly needed to stay competitive in the global market

8. Saves money (9)
Will be highly cost effective

9. Improves quality of worklife, job satisfaction (3)
People... can have more flexibility in their work environment

B. Negative Impacts (59)
1. Decreases work efficiency, effectiveness, productivity (22)

... we can make further reaching and more complex mistakes than ever
2. Leads to problems in communication (14)

a. Inadequate substitute for FTF (7)
Work is becoming too impersonal. Face-to-face discussion and negotiation 
is disappearing

b. Other communication problems (8)
The resources are usually limited and only part of the organization is given 
access to the network. This creates communications problems between 
the "haves" + the “have nots"...

3. Engenders security problems (13)
a. Entails security risks (7)

The risk o f data sabotage is increased by networking
b. Leads to leaks of proprietary information (6)

Networking and abundance o f proprietary information is allowing economic 
espionage.

4. Networks are too expensive, not cost-effective (10)
I don't want to spend more money on Technical/Systems Support than the 
actual user savings I am anticipating.

a B ase no. of re sp o n ses = 601. Som e responses were broken into multiple item s (total coded item s- 897) 
that w ere  classified into multiple categories. 64 responses were uncodable (i.e., am biguous, 
m iscellaneous, not relevant, or 'no comment').
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Table 4-34. Computer Network Impacts and Recommendations:
Summary of Open Responses (Cont’d)

C. Recommendations: User Needs (314)
1. Improve ease of use (154)

Make them simple and easy to use!
2. Improve awareness, training, and support (79)

a. Improve education and training (48)
A greater allocation of training time is required to gain the greatest benefits

b. Increase awareness of what's available (12)
Make the services readily available and thoroughly announced. Do not 
hide the sen/ices from potential users

c. Improve documentation (10)
... and provide easily understood instructions on its use

d. Increase understanding of how best to incorporate network use into work (5)
... but people need to be educated on how to restructure their attitudes and 
approaches to doing work in order to become cost effective in an electronic 
working environment

e. Improve network administration and support services (4)
...try  to have a dedicated system/network administrator

3. Broaden and facilitate access to networks and networked resources (60)
We need a network not just at work but on the road and at home

4. Gain better understanding of user needs (21)
a. Incorporate user feedback in design, implementation, evaluation (15)

... listen to the users and adapt
b. Understand functional requirements (6)

Don't let technology drive functional requirements

D. Recommendations: Management of Networks (142)
1. Resolve security issues (44)

a. Tighten security (29)
Security and access control should be highest priority

b. Don’t restrict information and system access unduly (17)
Stressing security of information and restricting its dissemination will 
threaten the quantity and quality of available information

2. Resolve resource issues (40)
a. Make networking affordable (23)

Development o f less costly equipment
b. Ensure adequate funding and investments (17)

Don't skimp on hardware and software
3. Better understanding, planning, management of networks is needed (27)

... cannot be managed as an afterthought
4. Network implementation and improvement should continue (8)

D oit!
5. Encourage or require use (6)

Demand its use once up & running. If nothing more-send all messages out on 
e-mail

6. Beware of too much policy and politics (6)
No need for policy

7. Increase understanding of costs and benefits (6)
Clear cost/benefit relationships are hard to quantify and many investments are 
made just to “be in style”

8. Improve maintainability and maintenance (5)
Make it easier to maintain!
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Table 4-34. Computer Network Impacts and Recommendations:
Summary of Open Responses (Cont’d)

E. Recommendations: Technology Improvements (134)
1. Increase standardization (47)

Find and use standards
2. Additional technical advances are needed (41)

a. Increase speed, bandwidth (21)
Must be fast

b. Miscellaneous (13)
Reengineer your functional processor

c. Graphics/multimedia capabilities (7)
Need more bandwidth within internet to support digital multi-media 
communications

3. Achieve greater compatibility, integration across systems (24)
Too many different systems-none o f which talk to one another

4. Increase reliability (15)
Make them reliable

5. System s must be flexible (7)
Must be flexible for specific needs in different organizations

F. Recommendations: Networked Information (24)
1. Improve organization and retrieval mechanisms (12)

Present systems are time consuming to search
2. Improve range and quality of networked information (12)

Improve content: meaningful databases, focused BBS’s, etc.
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specificity. D escrip tions of positive im pacts ou tw eigh  negative ones. (It a p p e a rs  as if 

aerospace eng ineers perceive m ore problem s in  the appropria te  im plem entation  an d  use of 

netw orks than  problem s resulting from netw orks per se.) Im proved organizational in tegration, 

efficiency, com m unication, and inform ation access and handling figure prom inently in  both  open 

an d  closed descrip tions of positive im pacts. Effectiveness and p roductiv ity  gain s are m ore 

c lea rly  e lu c id a te d  in  the  o p en  responses; an d  the  ab ility  o f n e tw o rk s  to  en h an ce  

com petitiveness is one key im pact that w as not addressed a t all in the closed responses.

As in the closed responses, security problem s appear as the m ost p rom inent negative impact, 

a n d  concerns abou t the reduction  of face-to-face com m unication are  also expressed. The open 

responses p ro v id e  a m ore com plete p ic ture of aerospace engineers' concerns th a t com puter 

n e tw ork  u se  can  h am per w ork  effectiveness and  efficiency in various w ays, especially  if 

im plem entation and training do  proceed in an optim al m anner. Com m ents in this area included 

the tim e w asted as one tried to figure o u t how  to use complex or incom patible system s, the need 

(or m isguided a ttem pt) to  fit all w ork to netw ork applications and constraints, the infelicities 

an d  redundancies required  because all people and inform ation w ere no t yet online, and  the 

inability of netw orks to achieve expected or positive results in  certain areas, such as enhancing 

c re a tiv ity .

The re su lts  re la ted  to ne tw ork ing  im pacts th a t w ere gen e ra ted  by  th e  m ail su rvey  

corroborate the com m ents m ade by aerospace engineers w ho participated  in  the s tu d y 's  site 

v isits /in terv iew s. D om inant positive im pacts noted by interviewees w ere efficiency gains and 

th e  ability  to  sh a re  com m on data  and , thus, in tegrate  work. M any few er negative  than 

positive im pacts w ere m entioned in the interview s. The harm ful effect noted m ost often w as 

th e  ca tastroph ic  effect of dow ntim e, once dependency  on com pu ters and  n e tw orks w as 

estab lished . The loss o f hum an  in teraction in in te rpersonal com m unication  w as no ted  by 

several interview ees. O ther negative im pacts noted  w ere the creation of new  w ork, and  the 

need to alter existing w ork procedures. One subject com m ented, for exam ple, that 'technology
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com pletely rew rites requirem ents and  causes new  formal p ro ced u res/ and  ano ther rem arked 

that T h e  fact tha t com puters can d o  a lot of th ings creates work; it m eans tha t the governm ent 

(our custom er) can dem and such a fine level of detail that m ay in  the end  no t be needed  or 

useful.'

O ne sligh t d ifference in  resu lts obtained in in terview s (com pared to  th e  m ail survey 

responses) appears to be an  increase in the num ber of personal, affective com m ents m ade. 

Interview ees seem ed a little m ore inclined than survey respondents to fram e their rem arks in 

the first person and  to volunteer inform ation from a m ore em otional perspective. For example, 

one aerospace engineer com m ented that T o u  feel m ore em pow ered, m ore ow nership  w hen you 

have access; it reduces em pire-building and verifies your value and  m anagem ent's trust of you... 

you feel m ore part of a team.'

4.6.6. Sum m ary: Im pact of N etw orks in  the Aerospace Industry

A ccording to  s tu d y  resu lts, netw orks are having  a sign ifican t positive  effect on  the 

aerospace industry , although  a num ber of specific negative im pacts have been  felt, as well. 

The m ajority  of aerospace engineers appear to consider netw orks very useful, w hile som e 

declare the im pact to be either revolutionary  o r of circum scribed utility . Based on their 

perceptions of overall impact, netw orks seem to be having the greatest effect on  the w ork of 

scientists and  those engaged prim arily in inform ation processing, people w orking in the field of 

aerodynam ics, and  those em ployed in very large organizations. T hese a re  also the areas 

w here netw ork use is m ost w idespread. In fact (and not surprisingly), netw ork  value and  degree 

of im pact are generally perceived as greater by  those people currently  using  netw orks. It may 

be that personal experience convinces one of the merits of netw orking or, on the other hand, that 

greater use follows upon successful networking experiences.

The perceived value of various types of netw orks decreases as the scope of the netw ork 

expands, w ith the value of local netw orks declared to be g rea t by slightly  over half of all
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survey respondents. Indeed, it is netw ork access to internal w ork resources and  co-w orkers that 

ap p ears  to be of g rea test value to aerospace engineers. Access to netw orked  inform ation 

resources seems to be m ore highly valued than networked access to people; of the various k inds 

of inform ation resources, netw ork access to data and draw ings was declared m ore valuable than 

netw ork  access to full-text resources. In contrast to the general association of u se  w ith  value, 

those eng ineers without the ability to access som e inform ation resources electronically  w ere 

m ost likely to tou t the value of netw ork access to those resources. The m ost valuable netw ork 

applications in aerospace appear to be—in decreasing order—file transfer, e-m ail, rem ote login, 

rem ote access to da ta , and  im age transfer. Even the m ost highly rated  netw ork  application  

scored su b stan tia lly  below  fax, how ever. E lectronic bu lle tin  boards, v ideoconferencing , 

electronic journals, and  various k inds of online bibliographic searching ap p ear to be of lim ited 

value for m ost aerospace engineers, a lthough  resu lts do no t explain w h eth er technological 

failings, lack of need, o r som e other reason is behind the lack of perceived value  for these 

ap p lica tio n s .

S tudy resu lts suggest the natu re  and extent of particular netw orking im pacts, bo th  positive 

and  negative, on  aerospace engineering work. Impacts seem to be felt to a substantial degree, b u t 

effects appear to be neither extrem e nor universal. Com puter netw ork use seem s to be replacing 

te lephone conversations to som e extent, b u t appears to have little effect on  the use of o ther 

form s of com m unication. O ver half of the aerospace engineers responding  to the mail survey 

claim  to have personally  experienced an increase in  the am ount of inform ation available to 

them , w hile a t least a third report a decrease in the need for face-to-face in teraction  and  an 

increase in the exchange of ideas across organizational boundaries, the efficiency of contacting 

people, the use of expensive com puters and devices, and the ability to express p roblem s and 

ideas a t the po in t o f need.

A num ber of im pacts perhaps m ost directly related to im proving w ork perform ance and 

productiv ity  w ere personally experienced by more than a quarter of survey respondents, such as
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increases in  the ability to  com plete projects on  schedule, responsiveness to clients, the ability  to 

stay on the cu tting  edge of new  know ledge, and coherence w ith one 's  w ork com m unity. Security 

problem s and  reduced com m unication w ith nonusers have been experienced by only about 10% of 

those surveyed, w hile abou t twice as m any claim to have felt an  increase in  the am ount o f tim e 

sp en t on  unnecessary  o r  trivial activities. Responses to an  open  question  on netw ork  im pact 

parallel those elicited  by  the su rvey 's  set of closed questions, w ith  im proved  organizational 

in tegration , w ork  efficiency, com m unication and inform ation access and  han d lin g  appearing  

m ost p rom inen tly  as  benefits. Security problem s and  reduced  p roductiv ity  d u e  to specific 

problem s w ith netw ork  im plem entation and  use were the negative im pacts cited m ost often.

4.7. Recommendations on Networking Elicited from Aerospace Engineers

A bout tw o th irds of the mail survey respondents (n=601) took advantage of an  open  question 

inviting  them  to com m unicate their thoughts on  netw ork im pact to policym akers and  m anagers 

(q.31). Their recom m endations reiterate , from  a slightly d ifferen t perspective, the op in ions 

expressed in response to the open questions on factors encouraging and  discouraging netw ork use 

(q.18-19) and  create a context for the im pacts described, in the sense that the recom m endations 

specify actions to  be taken in  o rder to achieve desired im pacts and  avoid harm ful ones.

The conten t analysis of respondents ' recom m endations pain ts a clear p ic tu re  of w h a t w as 

upperm ost in the m inds o f aerospace engineers as they considered the m anner in  w hich com puter 

netw orks are cu rren tly  incorporated  in to  the w orksite (see Table 4-34). The clustering  of the 

m ajority of the responses around  several suggestions and the vehem ence and  eloquence of m any 

of ind iv idual com m ents a re  bo th  notew orthy . The greatest cry am ong resp o n d en ts  w as to 

im prove the usability  of netw orks by, first and foremost by m aking system s sim ple and  easy to 

use and, second, by im proving the m eans by which aerospace engineers are trained in netw ork  

use. A sm aller, b u t still substantial, num ber of respondents focused qu ite  specifically on the 

need to incorporate  direct know ledge of users ' needs into the design and  im plem entation  of

287

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

netw orked system s. Im proved access appears to be a major user need; recom m endations in this 

area included increasing the num ber of netw orked stations in  the w orkplace, allow ing  greater 

access to w orkp lace  system s from  rem ote locations, increasing the num ber of resources 

(especially external resources) available on  the netw ork, and striv ing to ensure  th a t netw ork 

use w as incorporated  into the jobs of all aerospace w orkers and no t just those in  certain  fields or 

occupations.

A chieving standard iza tion  and com patibility  am ong system s clearly  arises a s  the m ajor 

technical im provem ent dem anded  by respondents; the m ulti-faceted and collaborative nature 

of engineering w ork seem  to dem and the ability to transform  and transm it inform ation easily to 

a d iv e rse  ran g e  o f people. G reater b an d w id th  an d  reliab ility  w ere the o th e r  technical 

im provem ents sough t by  a significant num ber of respondents. Security and  resource issues 

ap p ear to be m ajor areas of concern, but, in  contrast to the o ther recom m endation categories, 

suggestions in bo th  of these areas conflict w ith each o ther som ew hat. W hile the m ajority  of 

responses strongly  advocated increased security controls, about a third w arned against a m yopic 

disregard for the im portance of open inform ation access and communication. Recom m endations 

for the best m eans of dealing  w ith the expense of netw orking w ere fairly evenly split betw een 

pleas for reduced  costs and virtual taunts that organizational m anagers should sto p  nitpicking 

over costs and  sta rt focusing on the obvious benefits. A significant proportion of responses were 

criticism s d irec ted  tow ard  w orkplace m anagers generally , faulting  them  for the ir lack of 

understand ing  (both technical and  functional) of netw orks and the basic lack of p ro p er planning 

and im plem entation  in  the realm  of networking.

A final topic addressed by a fair num ber of respondents was the need to im prove the content 

and  retrieval of netw orked inform ation. The less than  overw helm ing num ber of suggestions in 

th is area m ay be d u e  to the general fee lin g -ap p a ren t from  other survey  d a ta—that existing 

increases in  access to inform ation overshadow  the rem aining problem s. Or perhaps respondents
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subsum ed specific calls for im proving netw ork  navigation and  retrieval under m ore general 

com m ents about m aking systems m ore user friendly.

O ne im p o rtan t im pact-oriented  them e em erging from  the recom m endations m ade  by 

aerospace engineers is the integration of w orkplace efforts m ade possible by netw orks. W ithout 

m ore ub iqu itous access, greater expertise in  the workforce, and the ability  to easily  link and 

transfer in form ation across d ispara te  system s, organizational p roductiv ity  th a t d ep e n d s  on 

coordination and  collaboration of individuals and departm ents cannot be m axim ized.

4.8. Reliability and Validity of Study Results

Section 3.2.6 described the procedures im plem ented during  the design of study  instrum ents 

and  collection of p relim inary  da ta  to enhance the reliability and  valid ity  of s tu d y  results. 

This section repo rts  on  reliability  and valid ity  checks app lied  to resu lts  o b ta ined  in  the 

national m ail survey and  p rovides the researcher's assessm ent of particu la r th rea ts  to  the 

quality  of the survey data.

The reliability of the survey da ta  depends on the degree to w hich survey questions elicit 

com parable results from all respondents. Questions, and desired response form ats, should be 

clear enough that all respondents supply "correct" answ ers, i.e, that identical responses in  fact 

rep rese n t-a t least on the surface-identical opinions or behaviors. A nother w ay of expressing 

the concept of reliability is that the sam e responses should be elicited, no m atte r how  m any 

tim es th e  question is asked. O ne m echanism  to test the reliability o f a  questionnaire  is to 

determ ine w hether the sam e responses w ere generated by identical questions th a t ap p ear 

several tim es in the survey. This test can be applied, in this s tu d y 's  m ail su rvey , to  three 

survey questions that ask respondents, in  slightly different w ays, to repo rt on the extent to 

which com puter netw orks are accessible to them.

The m atrix presented in q.5 asks "Is a com puter or terminal connected to a local netw ork (one 

tha t connects you to people, tools, or inform ation w ithin one bu ild ing  a t yo u r w orkplace)
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available for your use?" A total of 117 respondents answ ered "No" to this question. A question 

w here one w ould expect to see virtually identical responses appears in the m atrix on the use of 

netw ork  applications (q.6), w here respondents are asked "H ow  often do  you access [people in 

your w o rkg roup  or departm ent] via a netw ork?" A total of 116 resp o n d en ts  chose "N ot 

applicable—N o netw ork  access" for their answ er to th is question, suggesting  a high degree of 

reliability. A th ird  question  also deals w ith netw ork accessibility, a lthough  it is no t phrased  

in a w ay tha t resu lts are strictly  com parable: one item  in the m atrix  on o n e 's  netw ork ing  

environm ent (q.20) asks respondents to report the extent to which they agree tha t "A netw orked 

co m p u ter is easily  accessible to m e." A to tal o f 126 resp o n d en ts  rep lied  e ith e r  "N ot 

app licab le /D on 't know " (n=48) or "Disagree strongly" (n=78) to this question, again  suggesting 

th a t resp o n d en ts  supp lied  the sam e answ er w hen  asked the sam e ques tion  in a slightly  

different guise.

A close exam ination of patterns in responses to certain survey questions revealed, on  the 

o ther hand , particu lar threats to the reliability of results obtained. These th rea ts  a re  d u e  to 

am biguities and com plexities in the questions themselves. If respondents d o  no t understand  a 

question, they are likely to provide not only inconsistent, bu t invalid answ ers. Three questions 

on the m ail survey seem ed to pose particular problem s for respondents, b u t in all cases the 

reliability threats w ere addressed by the subsequent coding and analysis of the data.

In the  su rvey 's critical incident com ponent on aerospace tasks, respondents w ere asked to 

identify the two m ost im portant com m unications channels they used in perform ing an im portant 

w ork task by labelling the prim ary channel w ith a "P," and the secondary channel w ith  an "S" 

(q.14). A close exam ination of the total num ber of "P" and "S" responses, as well as ind ividual 

surveys, revealed tha t a significant num ber of people labelled m ore than  the requ isite  tw o 

channels and  that som e people sim ply labelled channels w ith a check m ark. Individual coding 

of each type of label allow ed subsequent analyses to be perform ed and  in te rp re ted  in  a 

m eaningful way; fu rther, an additional code was added  to identify  w hich responses were
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expressed correctly, i.e., included one and only one "P." Only those correct responses w ere used 

in  the  analysis of results to  the subsequent question "W hat w as your m ain reason for choosing 

the prim ary  channel used?" (q.15).

A n u m b er of responden ts apparen tly  had difficulty  w ith  the m ore cognitively  com plex 

m atrices u sed  in the study . This w as unexpected, because site v is it/in te rv iew  and  p retest 

subjects expressed  the  op inion th a t the m atrices w ere sim ple to com plete (the fo rm at o f the 

"Im pacts" m atrix  w as revised after pretesting , how ever, and  the revisions ap p aren tly  raised 

the level of difficulty). In q.6, for exam ple, respondents w ere instructed to com plete on ly  those 

portions of the  m atrix devoted to resources that they actually used in their work. N onetheless, 

a  fair num ber of respondents com pleted m atrix item s on the use and value of netw ork access to 

resources w hich they d id  not check as  being used  in their w ork. In o rd e r  to g u aran tee  that 

answ ers could be interpreted  in a consistent m anner, subsequent analyses of the use and  value of 

netw orked access to w ork resources incorporated only the correctly com pleted responses.

The m atrix  devoted  to the "Im pact of C om puter N etw orks" (q.21) seem ed to  p resen t the 

m ost d ifficu lty  for responden ts. T he d ifficulties becam e ap p a ren t in th e  recogn ition  o f 

seem ingly illogical results, e.g., seven people gave responses indicating tha t the  decrease in 

m ajor system  security  problem s w as a major problem , w hile 11 people said that the  perceived 

increase in  security problem s w as a m ajor benefit. In some such instances, it is conceivable that 

responden ts w ere expressing opinions that merely ran  counter to the researcher's expectations, 

e.g., the  m ajority  of responden ts felt that netw orks increased tu rn aro u n d  tim e on solving 

problem s and , further, that this w as a major benefit. Review of open-ended responses on  im pact 

subsequently  offered som e explanation of these results, as several responden ts suggested  that 

netw orks allow ed m ore people to be brought in to  the decision process, w hich leng thened  its 

duration  b u t increased the quality of the resulting decision. Nonetheless, the com plexity of the 

m atrix is undeniable. A small num ber of respondents even rem arked on the question 's difficulty 

explicitly , in  the ir an sw er to the su rvey 's  final open  question , w hich solicited th e ir  final
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com m ents on  research topic and  on the survey itself. O ne respondent w rote, for exam ple, "1 got 

bogged dow n on 21," and another pinpointed one specific source of confusion w ith the question 

"Does increase an aspect m ean it is better or worse?" The approach to addressing  this th reat to 

the reliability  of su rvey  resu lts  is to  in te rp re t the data w ith extrem e conservatism , p u ttin g  

faith on ly  in  results tied to the least am biguously-w orded items and in  resu lts ind icating  very 

large effects.

Reliability of the coding o f the survey 's open responses on factors affecting netw ork use and 

netw ork im pacts w as assessed by com paring the coding that had been independently  perform ed 

by the researcher and a student for one of the survey 's open-ended questions. For the question on 

factors encouraging netw ork  use (q.19), the researcher revised the codes applied  to only 66 (or 

5%) of the  1213 item s coded by  the student as factors, and supplied codes for 28 (or 80%) of the 

35 item s coded by the student as "no factors perceived by respondent as encouraging use" and  for 

77 (or 61%) of the item s coded by the student as "uncodable." Thus, the tw o independen t coders 

w ere very  consisten t in assign ing  open-ended  responses in to  the schem e d eve loped  for 

sum m arizing and analyzing theses results.

The application  of the various specific tests of the m ail su rv ey 's  reliability  described 

above leads the researcher to conclude that an adequate level of reliability can be ascribed to 

the questionnaire results. In those cases w here special threats to reliability  w ere identified, 

m echanism s w ere p u t in place to counteract them.

The issue of validity w as addressed throughout this study by various efforts, recom m ended 

in the litera tu re  and described in  section 3.2.6, that w ere designed to ensure, that, am ong other 

things: d ifferen t da ta  sources could be used to triangulate results; s tu d y  questions w ere of 

interest to potential respondents; respondents would be asked to report on their ow n opinions or 

recent experiences; and  im portant constructs evolved from interaction w ith  participan ts in the 

s tu d y 's  p relim inary  da ta  collection activities and , hence, genuinely reflected the concerns and 

term inology of aerospace engineers. These efforts worked tow ards bu ild ing  confidence that
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w ould be both w illing and  able to  supply  valid answ ers to study  questions, i.e., th a t study  

results w ould m easure w hat the researcher intended them  to m easure.

As w ith  reliability , the valid ity  of resu lts ob ta ined  in the s tu d y  can be assessed  by 

ap p ly in g  specific tests to the da ta  obtained. O ne such test is to look for ev idence tha t 

respondents found the survey interesting and w orthw hile, in w hich case it can be reasonably 

assum ed that their answ ers w ould be both thoughtful and accurate, that the "m atch" betw een 

the questions and the interests and experiences of respondents is good and  th u s  y ie lds valid 

responses. G iven the length and com plexity of the survey, the adjusted  response ra te  of 51% 

itself indicates that the survey struck  a responsive chord am ongst the sam ple of aerospace 

engineers to w hom  it w as sent. The high response rate  to the survey 's open questions on factors 

affecting use (about 86%) and im pacts (63%) also suggests that the questionnaire addressed  

issues of interest to respondents, in term s that m ade sense to them. Surprisingly, even  after 

com pleting  a relatively long and com plex survey and  having been given the oppo rtu n ity  to 

express their opinions in open questions, about a th ird  of the respondents said they w ould  be

in terested in participating in follow-up research related to the study.

Explicit evidence of respondent interest and approval appeared in  the su rvey 's final open 

question  (q.32), w hich solicited any additional com m ents abou t the study  tha t people m ight 

care to m ake. O f the 316 responses to this question, 44 expressed negative reactions to the 

s tu d y , 25 of w hich w ere com plain ts about the leng th  of the questionnaire . T h irty -th ree 

respondents m ade favorable com m ents about the design or usefulness of the study , including 

"Very thorough!," "I though t this w as a very w orthw hile and  well though t-ou t study ," and 

"This study  seem s like a g reat idea. I am  interested in  the results."

A nother w ay to both assess and increase the valid ity  of study  resu lts is to investigate

com parab le resu lts ob ta ined  from  d ifferen t da ta  sources bo th  w ith in  and  am ong s tu d y  

instrum ents. In the mail questionnaire, the results of several similar questions can be com pared;
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if responses jibe, then the validity of responses to each question can be assum ed and the overall 

validity  of resu lts is raised.

Several com parisons can be m ade am ong survey questions focusing on the value of netw ork 

app lica tions and  netw orked  access to resources. For exam ple, 34% of survey  responden ts  

considered the value of netw orked access to docum ent citations and abstracts (q.6) to be "great." 

A sim ilar question  y ie lded  sim ilar results: 29% of respondents judged  the value of online 

bibliographic searching of com mercial and governm ent databases to be "great" (q.7). A long the 

sam e lines, 54% of respondents indicated tha t the value of netw orked access to d raw in g s and 

designs (q.6) w as "great," w hile 43% w ere of the op in ion  tha t the value  or accessing and  

transferring  im ages (q.7) w as "great." The questions being com pared are not identical, so one 

w ould n o t expect them  to elicit identical responses; given this, the fact tha t the responses are 

in the sam e ballpark  suggests tha t the results yielded are valid. Two questions tha t address 

extent of netw ork use also yield com plem entary results: 85% of respondents declared tha t they 

used networks; 88% characterized the extent of netw orking w ithin their organizations as use by 

"most" or "some" people.

Com parisons can also be m ade between the responses given to open and closed questions that 

add ress sim ilar topics and  issues. Such com parisons have already been m ade, above, in  the 

presentation of the mail survey 's results related to factors affecting netw ork use and to netw ork 

impacts. In both of these cases, open and closed responses paint sim ilar pictures of respondents' 

views and experiences. For exam ple, system  security problem s and leaks of p roprie ta ry  data  

w ere the netw ork  im pacts noted as major p roblem s by the greatest num ber of responden ts  

com pleting the im pact matrix. These problem s also figured prom inently in open responses about 

negative im pacts of networking. Similarly, a major theme in respondents' recom m endations for 

im proving netw orks w as to increase standardization and com patibility of system s; in  an  earlier 

closed question, 61% of netw ork users agreed that networking was not seam less and that m any 

incom patible system s exist.
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There a re  m any o ther instances in w hich survey responses to rela ted  q uestions serve to 

co rrobora te  each  o ther; those noted here p rov ide som e ind ication  of the overa ll level of 

valid ity  of questionnaire  results. The use and  com parison of m ultip le  da ta  sources (i.e., data 

derived  from  d iffe ren t sam ples and th rough  the use o f d ifferen t types of in strum en ts) also 

con tribu tes to  overall s tu d y  validity. Survey results have been com pared  th ro u g h o u t this 

chap te r to  re la ted  resu lts  obtained in the s tu d y 's  prelim inary  d a ta  collection activ ities, and 

the resu lts generated  by the different instrum ents have been found to be com parable. Telephone 

survey  da ta  o n  ex ten t of netw ork use and  variations in  use am ong  differen t segm ents of the 

aerospace in d u stry , for exam ple, corroborate da ta  ob ta ined  in the  m ail survey . Interview  

responses expressing reasons for using and no t using netw orks w ere very sim ilar to  responses 

generated  by the m ail questionnaire, lend ing  credence to  the belief th a t the m ajor factors and 

im pacts revealed  by the s tudy  are indeed valid.

Finally, to  test the valid ity  of this s tu d y 's  results, selected da ta  can be com pared  to other 

s tu d ies  of ne tw o rk  use in  the aerospace industry . In a survey o f aerospace sc ien tists and 

engineers conducted  in 1989, Pinelli (1991, p. 320) found that abou t 54% of responden ts used e- 

m ail, abou t 30% used electronic bulletin boards, 21% used videoconferencing, and  89% used fax 

or telex. P in e lli's  resu lts  a re  com parable to those ob ta ined  in  th is  s tu d y 's  m ail su rvey  

(conducted  th ree  and  a half years later), w hich found tha t 69% o f resp o n d en ts  used  e-mail, 

abou t 54% used  electronic bulletin  boards or o ther one-to-m any netw ork  applications, 29% used 

videoconferencing , and  90% used fax. Recent survey  resu lts o n  netw ork  u se  in  ano ther 

eng ineering  do m ain  echo those obtained in th is study . The 1994 M em ber O p in io n  Survey 

conducted  b y  the Institu te  of Electrical and  Electronics Engineers (IEEE) found  tha t 68% of 

engineers surveyed used e-mail (Electric W ord, 1994, p. 38).

In sum m ary, the reliability and validity of study results are judged by the researcher to be 

acceptable. They w ere enhanced by the use of m ultip le data sources and  by the  use of early 

interactions w ith  aerospace engineers to achieve a better understanding  of their w ork, concerns,
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and  vocabulary. Results obtained w ithin the m ail survey and  across the various instrum ents 

used in  the study  are com parable, and com parison of this study 's  findings on extent of com puter 

netw ork  use are sim ilar to those generated by an  earlier study  of the aerospace industry . The 

g rea test th reats to  the  reliability and  validity o f the mail survey are d u e  to  its leng th  and  to 

the com plexity  of som e of its  m atrices; resu lts w ere analyzed  an d  in te rp re ted  in a way, 

how ever, designed to m inim ize the particular problem s identified.
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CHAPTER 5: CONCLUSIONS

5.1. Introduction

The previous chapter presented this study 's findings on the use of com puter netw orks in 

aerospace engineering w ork and com m unication. Results from  the various research  activities 

undertaken  w ere described and integrated, and  their reliability and  valid ity  w ere assessed. 

This final chapter sum m arizes study  results and  places them  w ith in  the contex t of recent 

developm ents in netw ork applications and policy. The chapter considers the contribution of the 

study  to existing knowledge about engineering work and com munication and  to the developm ent 

of a conceptual framework for studying the use of com puter netw orks by engineers. It also offers 

recom m endations, based on study  findings, related to netw ork im plem entation  and  use in 

engineering environm ents. Finally, directions for further research are suggested.

5.2. Summary of Study Results

Few stud ies have appeared that exam ine com puter netw ork ing  in  eng ineering~ as 

opposed to scientific or scholarly w ork—or that relate electronic com m unication determ inants 

and effects to the situations and environm ents of particular com m unities of users. The current 

study  extends existing know ledge by em ploying a user-based approach to explore the role of 

electronic netw orks in engineering w ork and com munication. It collected d a ta  that describe the 

types of com puter netw orks and applications used in the aerospace industry , the engineering 

w ork  tasks supported  by netw orks, factors associated w ith use of netw orks by aerospace 

engineers, and impacts of networks w ithin the aerospace industry. Reported in C hapter 4 were 

key results from  the study 's  telephone survey, site v isits/in terview s, and national mail survey.

The prim ary data used to answ er this study 's research questions came from the national 

mail survey, a ten-page booklet distributed in the Spring of 1993 to 2000 subscribers to the SAE
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trad e  jou rnal Aerospace Engineering. Surveys w ere received from  950 responden ts , for an 

adjusted  response ra te  of 51%. The overw helm ing majority of survey responden ts w ere male 

(97%). The h ighest academ ic degree obtained by m ost responden ts w as either a Bachelor's 

(43%) o r M aster's (34%) degree, as is typical of the engineering profession. The m ean age of 

respondents w as 48 years old (w ith about equal num bers of respondents in  their thirties, forties, 

and fifties), and  the m ean num ber of years of professional aerospace w ork experience w as 22. 

Most o f the respondents w ere em ployed in private industry  (54%) or governm ent (30%) settings, 

an d  in  a n  organization  w ith  over 1,000 em ployees (68%). M ost characterized  them selves as 

e ither an  eng ineer (46%) o r a m anager (39%), and  w orked in  the areas o f m ateria ls  and 

processes (14%), avionics (12%), o r structures (12%). The m ost com m on p rim ary  job functions 

repo rted  w ere those of d es ig n /p ro d u c t engineering (23%), a d v a n ce d /a p p lied  developm ent 

(14%), research (13%), an d  adm inistration  (10%).

N etw orks appear to be used widely for both com m unication an d  com putation  purposes 

by engineers in  the aerospace industry. The vast majority of survey respondents used com puter 

netw orks, e ither personally  (74%) or through an  interm ediary, such as a  secretary o r librarian 

(11%). A m ong netw ork  users, intensity  of use  w as fairly evenly d is trib u ted  am ong  those 

spending  less than 5% of the typical w ork w eek using netw orks (31%), those spending  between 

6% and  10% of the typical week using netw orks (22%), and those spending  betw een 11 and  25% 

of the typical w eek using netw orks (21%). N etw ork availability and  u se  d im in ished  as the 

organizational and geographic scope of the netw ork increased: local area  netw orks w ere used 

by  77% of responden ts, o rganizational netw orks by 66% of responden ts, ex ternal research 

netw orks (like Internet o r NSFNet) by 44% of respondents, and external com m ercial netw orks 

(like C om puServe) by  26% of respondents. Similarly, respondents w ere m ost likely to use 

com puter netw orks to com m unicate with people w ho were close to them  organizationally  (in 

their ow n  w orkgroup  or departm ent) and geographically; use generally  declined as distance 

increased. Further, respondents perceived internal electronic links as being m ore valuable than
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external links.

The app lica tions u sed  by the  g rea test p roportion  of resp o n d en ts  w ere file transfer 

(69%), electronic m ail (69%), rem ote login to  access files (59%) or com puter program s (57%), and 

electronic bu lle tin  boards o r other types of conferencing systems (54%). Less used  applications 

include those related  to accessing published  literature, such as electronic journals (25%), online 

b ib lio g ra p h ic  se a rch in g  (32%), o r o n lin e  lib ra ry  cata logs (35%); o r specia l p u rp o se  

applications, such as electronic da ta  in terchange (14%) o r com puter-in tegrated  m anufacturing  

(15%). The resources m ost often accessed over com puter networks w ere production  control data, 

com puter program s, internal financial data, draw ings or designs, and  com pany new sletters.

In perform ing w ork tasks, face-to-face interactions were cited by the greatest num ber of 

responden ts as  the p rim ary  com m unication channel used. But u se  of com puter netw orks as a 

com m unication  channel w as on a p ar w ith  read ing  prin ted  m aterial o r  conducting  telephone 

conversations, and  far exceeded fax and regular mail. C om puter netw orks w ere used m ost often 

as  the p rim ary  channel for perform ing m athem atical analyses, learning how  to do  som ething, 

producing  draw ings or designs, developing theories or concepts, selecting or designing m ethods 

an d  procedures, and identifying problem s. N etw ork u se  did not vary greatly according to the 

geographic o r organizational span of the task (although netw ork use w as reported  as  slightly 

m ore prevalen t in  accom plishing tasks w hose participan ts w ere located a t  a single w orksite 

an d  slightly less prevalent w hen tasks spanned divisions or organizations), o r according to how  

m an y  people w ere involved in perfo rm ing  it (although  netw ork  u se  w as rep o rted ly  m ost 

com m on in tasks perform ed independen tly  by  an  individual, w hile  netw ork  use rem ained  

constant across task perform ance by g roups of any size). The reason m ost often g iven for the 

choice of netw orks as  the  p rim ary  com m unication channel w as th a t they w ere the quickest 

m echanism  available for perform ing the task. O ther com m on reasons were: that they allow ed 

the  greatest accuracy of inform ation flow; that they allowed the m ost com plete expression, 

in terpretation , or interaction; or tha t they w ere w hat everyone w as set u p  for. These w ere also
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com m on reasons for the choice of other communication channels.

In terv iew  resu lts  shed add itiona l light on  w h y  netw orks w ere  u sed  in  aerospace 

engineering w ork and communication. The m ost com m on reasons cited for the use of netw orks in 

particu la r com m unication  incidents, for exam ple, inc luded  that: the sender knew  tha t the 

recip ien t w as a regular user of electronic com m unication channels; the sender knew  th a t the 

rec ip ien t w as unlikely  to be reached a t tha t particu lar tim e a n d /o r  unlikely  to  encounter 

serendipitously; a record of the com m unication w as desired; and the content of the m essage was 

sim ple o r required precision in its expression.

O rganizational sector an d  size, as well as p rim ary  job function and  educational level, 

appear to influence netw ork use. According to m ail survey results, the greatest u se  occurs in 

academ ia and  governm ent and  less use occurs in industry  and  not-for-profit organizations. 

N etw ork use generally increases w ith the num ber of em ployees in  o ne 's  organization; it is m ost 

prom inent am ong people engaged in teaching, research, advanced or applied  developm ent, and 

industria l engineering and least prom inent am ong people engaged in  sales, service, production , 

adm in istra tion , and  design  or p roduct engineering (differences am ong various job types in 

intensity  of netw ork  use also w ere reported). Use generally  increased w ith educational level. 

O ther dem ograph ic  characteristics of m ail survey responden ts d o  not, generally , seem  to 

differentiate netw ork users from nonusers as well as specific job and organizational environm ent 

characteristics. N etw ork use d id  no t vary by gender and  did  not vary greatly  by age (except 

tha t those over 60 w ere m uch less likely to use networks); use w as least likely w ith survey 

respondents hav ing  spent either less than one or m ore than  thirty  years in aerospace.

C onsidering  the w ork and netw orking env ironm ent of engineers, netw ork  use w as 

significantly  m ore likely am ong m ail survey responden ts w ho repo rted  tha t th e ir  w ork is 

stored  in  com puterized  form , w ho require a d iverse range of inform ation, w ho experience 

trem endous tim e p ressures in their work, w hose w ork is in tegrated  w ith  the w ork  of others, 

w ho develop  com plex products, and w ho w ork in com petitive fields. N etw ork u se  w as also
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sign ifican tly  m ore likely am ong  people w ho said tha t a netw ork  co m p u te r w as easily 

accessible, tha t netw ork  applications were w ell-suited to their w ork, tha t netw ork  use was 

actively encouraged by their organizations, and that custom ers and sponsors dem and netw ork 

use. N etw ork  use w as significantly less likely am ong peop le  w ho said  th a t they  w ork 

independently , need to com m unicate only w ith people in  their building, and  perform  routine 

and  p red ic tab le  w ork. Involvem ent w ith classified or p rop rie ta ry  w ork  and  a trad itional 

hierarchical organizational structure did not distinguish netw ork users from  nonusers. Am ong 

aerospace engineers, lack of standardization and com patibility across systems, cost, inadequate 

access, lack  of expertise  an d  inadequate  tra in ing , an d  trad itio n a l v iew s an d  lack of 

understanding am ong managers and peers were the factors m ost often cited as discouraging use.

The im pact of com puter netw orks on the aerospace ind u stry  has apparen tly  been 

overw helm ingly  positive, w ith study  participants generally reporting  gains in areas of work 

efficiency an d , to  a som ew hat lesser extent, w ork effectiveness. Im provem en ts in job 

satisfaction an d  career advancem ent were not highly tou ted  by study  participan ts, and  a 

num ber of significant problem s were also perceived. Im pacts seem to b e  felt to a substantial 

degree, b u t effects appear to be neither extreme nor universal. Com puter netw ork use seems to be 

replacing telephone conversations to some extent, bu t appears to have little effect on  the use of 

o ther form s of com m unication. O ver half of the mail survey responden ts reported  having 

personally  experiencing~due to networks—an increase in the am ount of inform ation available, 

which w as seen as a major benefit. Over a third reported that they had experienced a decrease 

in  the need for face-to-face com m unication and  an increase in  the exchange of ideas across 

organizational boundaries, the efficiency of contacting people, the use of expensive com puters, 

and  the ability to express problem s and ideas at the point of need. A t least 20% reported  that 

they had  experienced a decrease in duplication of effort and an increase in the ability to 

com plete projects on schedule, perform work offsite, be responsive to custom ers and clients, stay 

on the cu tting  edge of new  knowledge, m aintain coherence w ith one's w ork com m unity, exert
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m anagem ent control, and  com plete projects w ithin budget. N early  20% h ad  experienced an 

increase in  the am oun t of tim e people spent fooling around , and  abou t 10% said  they  had 

experienced system  security problem s or leaks of proprietary inform ation. Responses on netw ork 

im p act elic ited  by  o p en  su rv ey  an d  in te rv iew  questions em p h asized  en h an ced  w ork  

p ro d u ctiv ity  an d  quality , as w ell as  im proved organizational in teg ration , com m unication  

efficiency, and  inform ation access and  handling.

As noted  in  C hapter 4, perhaps the m ost im portant im pact-oriented them e em erging 

from  the recom m endations m ade by aerospace engineers relates to the integration of w orkplace 

efforts m ade  possible by  netw orks. The potential ability of netw orks to facilitate boundary  

spann ing  in  organizations w as lauded  by study  participants, b u t they believed th a t w ithou t 

m ore ub iqu itous access to netw orks, greater netw orking expertise in  the w orkforce, and  the 

ab ility  to easily  link  and  transfer inform ation across d isp a ra te  system s, o rgan izational 

p roductiv ity  that dep en d s on coordination and collaboration of ind iv iduals and  departm en ts 

w ould not be maximized.

5.3. Discussion: Networks and the Engineering Enterprise

The resu lts generated  by th is study provide some sim ple gu ideposts for engineering 

organizations and policymakers. Baseline data on com puter netw ork use, collected th roughout 

the aerospace industry , can help them  discern w here we are now  and  w here w e are (or should 

be) headed . W hile characteristics of the aerospace industry  (e.g., its h igh  technology and 

strong  R&D base, its em phasis on tim e to m arket, the huge financial risks associated w ith 

product developm ent, its ties to the defense industry, and the extensive team w ork  required) 

m ake it un ique in som e ways, som e study results can be applied to  o ther branches of scientific 

and  technical w ork  as well, a t least in a general way, by analyzing  th e ir  sim ilarities and 

d ifferences w ith  the aerospace enterprise . Further, m any study  resu lts  a re  aligned  w ith 

particu la r characteristics and  features of w ork, allow ing th e ir  p o ten tia l generalizab ility

302

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

beyond the aerospace realm . For exam ple, the findings tha t netw ork  u se  is g rea test in  large 

organizations and  am ong people w hose w ork m ust be integrated w ith  the  w ork of o thers, are 

likely to  pertain  to  o ther industries as well. Individual organizations can use s tu d y  findings to 

com pare them selves to others; they can also benefit from  o thers ' experience. This research can 

help  bo th  N il policym akers an d  w orkplace m anagers identify  pitfalls an d  an ticipate im pacts 

related to  the im plem entation of com puter networks. O n a m ore theoretical note, th is study  has 

added  to  our know ledge of the nature of engineering w ork and com m unication, by  exploring the 

relationship betw een w ork tasks and the com m unication practices in terw oven w ith  them.

W hat conclusions can be d raw n from study results about the use of com puter networks in 

the aerospace industry?  It is c lear tha t the m ajority of aerospace eng ineers cu rren tly  use 

com puter netw orks, and tha t use supports knowledge creation, storage, access, and  transfer. The 

com bined technologies o f com pu ters an d  telecom m unications facilitate the u se  o f  com puter 

netw orks across all of these stages of know ledge transfer—from  using rem ote com puter program s 

to generate designs or p roduce test results, to accessing production  control data, to transm itting 

m em os to w orkgroup  m em bers. W hile study  results indicate that netw orks a re  currently  more 

w idely used for certain  w ork  and  com m unication activities than for o thers, any  discussion of 

w ork  practices in  the aerospace industry  m ust begin from  the assum ption th a t netw orks will 

p lay  an  increasingly im portan t role in the creation and exchange of inform ation, as well as in 

the design and  m anufacturing of aerospace products.

It is also clear that policym akers an d  w orkplace m anagers need to take a variety  of 

steps to  assure th a t netw ork  u se  in w ork perform ance is not unbalanced, inefficient, or even 

detrim ental to aerospace engineering productivity. Signs of these dangers are ev ident in study 

findings and suggest tha t the im plem entation of com puter netw orks w ill rem ain  problem atic 

un til clear policy d irections a re  articulated  and advanced w ithin the  aerospace com m unity. 

N etw o rk  u se  is p roceed ing  apace, bu t in a piecem eal an d  largely  unexam ined  fashion. 

C om peting social, economic, political, and technical forces seem to struggle for dom inance at the
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organ izational level, w here policy lacks coherence and  vision. The costs an d  benefits of 

netw ork  inform ation technologies and  services are described by study  participants, yet it is also 

clear tha t, in  m ost organizations, costs and benefits have yet to be considered in  a holistic or 

program m atic m anner th a t proceeds from a reasoned consideration of fundam ental aerospace 

engineering goals.

H ow  ap p rop ria te , in the  near term , is the use of com puter netw orks for w ork  and 

com m unication in  the aerospace industry? Considering first the ability of aerospace engineers 

to utilize com puter netw orks, survey results indicate that w hile w idespread, netw ork  u se  is far 

from  ub iqu itous. A erospace engineers in sm all o rganizations are  m uch  less likely to use 

com puter netw orks than are their counterparts in the nation 's largest firms. N etw ork use is also 

less prevalen t am ong engineers w ho are older, have just entered the profession, are w orking in 

the p riv a te  sector, or a re  engaged  in w ork o ther than research  an d  developm en t. Thus, 

know ledge created o r d issem inated via com puter networks is likely to bypass these segm ents of 

the engineering com m unity; creators of netw ork tools and inform ation resources produced  for 

these g ro u p s will have to undertake special efforts to reach their in tended  users. Conversely, 

as m any responden ts po in ted  ou t, this lack of com plete em ploym ent of netw orks across the 

aerospace industry  has lim ited the willingness of know ledge producers to ad d  to the industry 's  

digital inform ation base. The prim ary reasons that netw orks are no t used m ore extensively 

include lack of training and  awareness, clumsy and  incompatible systems, lack of resources, and 

the inab ility  of w orkplace m anagers to resolve fundam ental policy issues. These problem s 

suggest tha t netw ork  availability w ill not equal use. It is no t enough for a know ledge producer- 

-w hether NASA, professional aerospace societies, an  ind ividual engineer d issem inating  w ork 

resu lts , o r  a firm 's  lib ra rian —to m ake in form ation  resources ava ilab le  elec tron ica lly  to 

engineers in  the aerospace industry . Nor is it enough for netw ork tools and  applications to be 

p u t in  place in  engineering organizations. A ttention m ust be paid by all of the p layers involved 

in the know ledge utilization process to rem oving the m yriad barriers confronting  the intended
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user of network tools and resources.

This study  found a num ber of links between network use and  the natu re of engineering 

w ork  and  com m unication. O ne of th is s tu d y 's  m ost strik ing findings is th a t inform al and  

in ternal know ledge is currently m uch m ore likely to be exchanged via com puter netw orks than 

is form al or externally stored knowledge. The nature of an engineering resource itself, in other 

w ords, m ay either encourage or discourage netw ork access to it: fulltext, externally-produced 

resources (such as journals, m anuals, and standards) and external com m unication partners, for 

exam ple, are deem ed less valuable and are less likely to be accessed over a com puter network, 

even  if the m eans to do so are in place. Internally produced draw ings and data, or interpersonal 

m essages tha t are exchanged w ithin a particular w orkgroup, are curren tly  used m ore and  

perceived to be of greater value by aerospace engineers.

External, published know ledge in digital form may be less used by engineers because of 

the  lack of access to and integration of different netw ork services and the difficulty of learning 

how  to u se  d ispara te  systems. Publishers have yet to resolve com pletely issues of copyright 

m anagem en t and  the conduct of com m ercial transactions on the In ternet and  pub lished  

in form ation  is organized and retrieved differently  in  existing inform ation services. These 

resu lts suggest that know ledge transfer in the netw ork environm ent will rem ain bifurcated for 

th e  im m ed ia te  fu tu re , w ith  pub lishers poorly  positioned to  d issem inate  the ir m ateria l 

electronically to aerospace engineers in a m anner that allows easy access and effective use.

The greater use of networks to access internal resources in the form of colleagues, data or 

tex t files, com puter program s, and im ages also m akes sense w hen  one considers p rev ious 

research on the nature of engineering w ork and communication. Key findings from the literature 

review ed in C hapter 2 are that engineers create new  know ledge through the analysis of data 

they have generated, that interpersonal com m unication is extrem ely im portan t for engineers, 

tha t m ost of this com m unication is internal, and that visual inform ation is a key com ponent in 

engineering work. Earlier work em phasizes the im portance of informal com m unication, shared
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th rough  social netw orks (e.g., Beveridge, 1957; Cronin, 1982; Garvey, 1979; Ravetz, 1971; and 

Z im an, 1968), w hich often supersedes the im portance of published literature. T he extensive 

use of electronic m ail and  the substitution of electronic m essaging for te lephone conversations 

found in  the current study  confirm the im portance of social netw orks in engineering and  the basic 

su itability  of cu rren t applications for fulfilling the function of inform al com m unication. The 

con tinued  im portance of face-to-face interactions, how ever, m akes it c lear th a t social and  

technical b arrie rs  p rev en t the  sim ple adop tion  of netw orks for all form s of in te rpersonal 

engineering communication.

O ther studies have found that engineering com m unities focused on the production  of a 

particu lar technology a re  likely to form w ithin institu tions and  to share goals, norm s, and 

expertise. A llen (1984) and  others describing the n a tu re  of engineering  com m unities (e.g., 

C onstant, 1984; Vincenti, 1990) assert the im portance of shared cu ltu re  an d  know ledge in 

reducing  sem antic noise and  m isinterpretation in com m unication. Their w ork p rov ides one 

possible explanation for the reported  tendency of aerospace engineers w ho participated  in the 

current study  to use com puter networks m ore extensively for com munication w ith colleagues who 

w ere close to them  both organizationally  and  geographically . Spanning  in stitu tional and 

spatial boundaries is certainly an im portan t capability of com puter netw orks, b u t "cultural" 

differences cannot be bridged by mere technology.

Recent developm ents in netw ork ing  tools and  policies m ay soon have an  effect in 

encourag ing  g rea ter use of external com puter netw orks, how ever, especially  for accessing 

fulltext docum ents. NCSA Mosaic m akes brow sing com plete docum ents online som ew hat m ore 

pala tab le  and , d u e  to its  availability  on  d ifferen t p la tfo rm s and  u se  of generic  retrieval 

protocols, helps solve the problem  of integrating disparate systems. G reater com m ercial use of 

th e  In te rn e t m ay  s tim u la te  techn ical ad v an ces  (such  as  im p ro v e d  se c u r ity  and  

in teroperab ility ) an d  social changes (such as increased fam iliarity  w ith  "ne tiquette") that 

w ill increase the com fort w ith which people in different industrial organizations conduct their
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relationships electronically. A nd the greater ubiquity  of u se  a ttendan t on such advances is, of 

course, its ow n rew ard, engendering an  upw ard  spiral of network value and proliferation.

O th er s tu d y  find ings also shed ligh t on  the type of eng ineering  w ork  tasks and  

com m unication activities for w hich netw orks seem m ost suitable. Survey resu lts indicated  that 

netw ork use varied considerably according to the nature of the task being perform ed. N etw ork 

use w as g rea test in  p erfo rm ing  m athem atical analyses, learn ing  how  to  d o  som eth ing , 

producing  draw ings, developing theories and concepts, and selecting or design ing  procedures. 

N etw orks w ere used less often by engineers to coordinate work, negotiate w ith  colleagues, and 

identify resources. As noted in  the sum m ary of results presented above, netw ork  use also varies 

according to the type of engineering job one holds, and the natu re  of one 's w ork  environm ent, 

including one 's inform ation and  com munication needs. The nature of the situation su rround ing  a 

particular com m unication incident also appears to govern netw ork use. S tudy  resu lts suppo rt 

previous findings tha t com puter netw orks do not provide a rich enough channel to su p p o rt such 

tasks as negotiation, generating  ideas, and problem -solving, but that electronic com m unication 

is useful for conveying sim ple inform ation quickly to people w ho are  h ard  to reach th rough  

o ther com m unication channels. On the o ther hand , the assertion th a t n e tw o rk s a re  m ore 

com m on in project-based organizations w ith few security concerns is no t confirm ed by  this 

s tu d y 's  find ing  th a t invo lvem en t w ith  classified or p rop rie ta ry  w ork  an d  a trad itio n a l 

hierarchical organizational structure d id  not d istinguish netw ork users from nonusers.

A nother im portan t finding about the natu re of engineering w ork and its rela tionsh ip  to 

netw ork  use is that, apparen tly  (and in spite of the im portance of netw orks for facilita ting  

collaboration  and  com m unication), the m ost characteristic u se  of co m p u te r  n e tw o rk s  in 

aerospace engineering is still for a  lone engineer to connect to a com puter to perform  som e kind of 

com putational task. Survey resu lts  suggest, in o ther w ords, that netw orks a re  u sed  m ost 

frequently  for tasks perform ed independently , that com puter p rogram s a re  the ne tw orked  

resource used m ost frequently, that mathem atical analysis is the task m ost often  perform ed via
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the  netw ork, an d  tha t the existence of one 's w ork products in digital form  is associated w ith 

netw ork use.

In sp ite  of the g rea ter su itab ility  o f com puter netw orks for certa in  tasks an d  the

existing barriers to  easy and ubiquitous use, networking am ong engineers is g row ing  and  will no

dou b t continue to grow. The benefits are already obvious and, in som e sense, telecom m unications

"progress" is relentless. C astells (1991) analyzes the role o f inform ation technology  in  the

social and econom ic restructuring of industrial organizations, cities, and regions. H e argues that

a n ew  in d u s tr ia l space  is em erg ing , one based  on in fo rm atio n  flow s, ra th e r  th an

geograph ica lly -defined  places:

By this w e understand  the deploym ent of the functional logic of pow er-holding 
organizations in  asym m etrical netw orks of exchanges which do  no t d epend  on 
the ch a rac te r is tic s  o f an y  specific locale for th e  fu lfillm en t o f  th e ir  
fundam ental goals. The new  industria l space and the new  service econom y 
organize their operations around the dynam ics of their inform ation-generating 
units, w hile connecting their different functions to d isparate  spaces assigned to 
each task  to be perform ed; the overall process is then  rein tegrated  th ro u g h  
com m unication system s (Castells, 1991, p. 348).

The m ajority of m ail survey  responden ts in the curren t s tudy  felt th a t co m p u te r netw orks

increased m anagem ent control, the exchange of inform ation across organizational boundaries,

the  feasib ility  an d  size of co llaborative efforts, the perfo rm ance of w o rk  off-site , and

flexibility in  w ork  s tru c tu re s  and patterns. These findings su p p o rt C aste lls ' thesis  th a t

inform ation technology can produce a shift from large centralized corporations to  decentralized

netw orks of d ifferent k inds of organizational units, facilitating the estab lishm ent of a flexible

system  of m anagem ent and production.

W hile C astells concedes that the social and economic restruc tu ring  he describes has

obv ious advantages, he also fears that isolation and fragm entation of local soc ie ties-w h ich

are  fostered w ith in  a particu lar geographic space—will occur as a  result. C ou ld  the  sam e

detrim ental effects perceived by Castells on a societal level also obtain  in  local engineering

w ork  com m unities? The m ajority of m ail survey respondents in  the cu rren t s tudy  felt that
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netw orks increased coherence w ith one's w ork com munity, while reducing the need for face-to- 

face interaction. P erhaps place is not as socially im portan t in  defin ing  one 's intellectual or 

w ork com m unity. N onetheless, a  num ber of study participants expressed a grow ing  sense of 

social isolation as m ore and m ore com m unication occurred online. An in teresting  issue is the 

shift in  the  balance of local rela tionsh ips due to netw orks. Local re la tionsh ip s could  be 

cem ented as  netw orks allow  greater com munication w ith people in o ther local, functional units, 

i.e., w ith  those  a t a  p a rticu la r site  w ho o therw ise a re  v irtua lly  inaccessib le. O nline 

o rg an iza tio n al new sletters, m ailing  lists, o r bu lle tin  b oards m ay also  foster a sense of 

com m unity w ith  a variety of local cohorts. On the other hand, increased interaction w ith  and 

loyalty to a  w orkgroup  or loose com m unity of w idely dispersed colleagues m ight decrease an 

engineer's sense of "kinship" w ith the local institution and the people occupying nearby offices.

Boeing offers, today, an exam ple of the kind of decentralized design  and  production  

p ro ce ss-b a se d  on inform ation techno log ies-tha t m irrors C astells' v ision and  m ay becom e 

com m onplace for o ther aerospace firm s in the near future. In 1993, Boeing m anufactured its first 

com m ercial aircraft based on a com pletely digital mock-up that w as produced by thousands of 

engineers w hose w ork w as coordinated and integrated over com puter netw orks. C om puter 

netw orks allow ed the production  of the Boeing 777 to be outsourced to suppliers a round  the 

w orld; experts believe the networked design and m anufacturing process resulted in a 20% cost 

reduction for the com pany (Office of Technology Assessment, 1994, p. 8).

NASA’s developm ent and deploym ent of networked inform ation resources and  services 

also p o in ts  th e  w ay for o thers in  the aerospace industry . Their p ro to ty p e  NASA Access 

M echanism  (NA M ) is a n  In ternet gatew ay tool m ean t to facilita te bo th  in te rpersonal 

com m unication  and  inform ation retrieval in aerospace engineering  (D uncan, G enerous, & 

H unter, 1993). As such, it provides another example of the decentralization of the function of a 

particu lar organizational unit, the library, as inform ation technologies open  u p  an  inform ation 

space that is not d ependen t on a physical locality. It also represents a n  a ttem p t to span  the

309

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

trad itional boundaries o f formal and  inform al com m unication that traditionally  perta in  in the 

delivery  of library  services to engineers.

An attractive po in t and  click graphical user interface in tegrates a variety  of functions 

in  NAM : u se rs  m ay search  NASA index ing  and  abstracting  da tab ases, locate  peers,

com m unicate electronically via electronic m ail o r bulletin  boards, and link to various Internet 

navigation services, such as G opher and W orld W ide Web browsers. The requirem ents analysis 

th a t led to the design of NAM produced results similar to those obtained in this study . Duncan 

an d  h er colleagues (pp. 39-40) found that colleagues a re  im portan t in  the inform ation search 

process as well as for p roviding current, tacit expertise not typically found in  form al literature, 

an d  th a t collaboration across disciplines, organizations, and nations is g row ing. They also 

concluded tha t Internet access presents a clear advantage to users b u t is not uniform ly available; 

th a t the inform ation sources required  by aerospace engineers are extrem ely d iverse; and  that 

access to netw orked  resources m u st be convenient and  provided  in  a m anner th a t does not 

in te rrup t the norm al workflow, i.e., netw orked resources m ust be accessible from each desktop 

an d  intuitively easy to use.

G iven  C aste lls ' v ision  o f a new  in d u s tria l space an d  th e  n e tw o rk -en a b led  

transform ation in com m unication and w ork processes represented by Boeing and NASA, how  

best can an organization prom ote netw ork use? W hat factors h inder potential efficiency and 

effectiveness gains and w hat draw backs associated with netw ork use m ust engineers strive to 

avoid? By exploring netw ork  use from  the perspective of individual engineers w orking in a 

w ide range of settings, th is s tu d y  has suggested  w hich factors are m ost im p o rtan t in  both 

encouraging and  blocking the transition to the effective use of netw orked channels in accessing 

the hum an and inform ation resources needed in engineering work (as m odeled in  Figure 3-2).

Earlier studies on  the choice of com m unication channels by those engaged in  scientific 

and  technical w ork generally  conclude that channel accessibility, quality  of the inform ation 

m ade available through tha t channel, ease of use, and fam iliarity are im portan t determ inan ts
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of channel selection (see, e.g., Allen, 1984; G erstberger & Allen, 1968; K aufm an, 1983; and 

Kremer, 1980). The curren t study adds to this know ledge by considering a m uch broader range of 

factors and  eliciting factors from  the po in t of view of engineers them selves. Results generally 

confirm  earlier findings: access, ease of use, and adequate train ing  (som ew hat analogous to the 

concept of fam iliarity) a re  im portan t factors in  encourag ing  netw ork  use. O ne im p o rtan t 

conclusion to be reached from  the curren t study is tha t netw ork use is still from  easy for m ost 

people, even those w ho routinely use com puters, have strong technical backgrounds, and w ork in 

high tech environm ents.

Speed of co m m u n ica tio n -em p h asized  by th is  s tu d y 's  su rvey  re sp o n d e n ts—w as 

identified as a p rom inen t influence on channel choice by only a few  previous researchers (e.g., 

H olm feld, 1970). The em phasis on  the ability o f netw orked system s to  im prove accuracy in 

inform ation exchange seem s to parallel earlier consensus on the im portance of technical quality  

in determ ining the use of particular com m unication channels and  sources. This s tudy  identified 

a range of ad d itio n a l factors associated w ith netw ork  use. A side from  the  dem ograph ic, 

s itu a tio n a l, w o rk -re la te d , an d  techn ical ch a rac te ris tic s  n o te d  above , o rg a n iz a tio n a l 

encouragem ent and custom er dem and also seem to affect network use.

W hat a re  b iggest poten tia l gains th a t eng ineering  firm s m igh t expect to achieve 

through netw orking? And w hat draw backs should they strive to avoid? This study  found that 

aerospace engineers perceived the greatest benefits of netw ork ing  in  the realm s of increased 

access to  in form ation , an  enhanced ability to exchange in form ation  across o rgan izational 

boundaries, and  im proved w ork and com munication efficiency. S tudy results offer broad-based 

em pirical evidence to  confirm  the anecdotal reports and  projections offered in earlier literature. 

Such rep o rts  have generally  been lim ited by their au th o rs ' experience w ith  only a sm all 

num ber of settings o r by the sim ple fact that projections were offered before the technology had 

been in troduced  on a significant scale. Based on personal experience and  investigation  of 

several firm s, for exam ple, M ueller (1986, p. 74) noted that com puter netw orks "can m ultiply
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the  effectiveness of a decentralized  hum an netw ork in speed, capacity, and  accuracy" and  he 

called for the use of netw orks to foster "cross-level" com m unication to im prove organizational 

effectiveness (p. 13).

W hen ap p lied  to the  eng ineering  en terp rise , the benefits no ted by th is  s tu d y 's  

responden ts lead to higher quality  products, im provem ents in  p roductiv ity , and  cost savings. 

Im proved job perform ance appears to outdistance m ore personal gains, such as  those related 

directly  to  job satisfaction and  rew ard. N egative im pacts w ere noted by  survey responden ts in 

the areas of effectiveness an d  efficiency (w ith  responses to open-ended questions suggesting 

th a t these w ere d u e  p rim arily  to in ap p ro p ria te  im plem entation  stra teg ies an d  uses, the 

like lihood  of far-reach ing  dam age as m istakes reverbera te  th ro u g h o u t the  o rgan iza tion , 

d ifficulties of use, and  the loss of face-to-face com m unication), security  breaches, an d  m assive 

investm ents tha t do  no t produce adequate returns. Negative social im pacts m ay occur a long  the 

lines o f those suggested  by Castells; in  add ition , the general sense  of fru stra tio n  w hen 

confron ted  w ith "unfriend ly" system s, little  organizational su p p o rt o r train ing , inadequate  

access, and  colleagues and m anagers who do not understand networks suggests a very real danger 

to w ork  satisfaction.

The im pact of com puter netw orks on organizational health  has been ra ised  in  the 

lite ra tu re  and w as explored peripherally  in the curren t study. As discussed in C hap ter 2, a 

num ber of researchers have noted  the organizational m aintenance benefits of inform al social 

netw orks in organizations (see, e.g., C lam pitt, 1991; Farace, Monge, & Russell, 1977; Hellweg, 

1987). O rganizational g rapevines allow em ployees to develop social b onds w ith  co-w orkers, 

m ake com m ents "off the record ," and  ga ther in form ation no t availab le th ro u g h  form al 

channels. W hile som e fear th a t th is type of casual exchange—especially  if the inform ation 

shared  is erroneous—can lead to  low m orale and poor decisions, the organizational benefits 

in h eren t in  allow ing em ployees to relax, express opinions freely, and  get to know  their co- 

w orkers better a re  also w idely recognized. Kraut, Galegher, and Egido (1989, d raft) found that
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frequency of com m unication—via a range of channels-is  associated w ith  w ork  satisfaction and 

efficiency, b u t that physical proxim ity is the best technology for supporting  the spontaneous, 

casual conversations needed for group maintenance and socialization.

In th is study , organizational m aintenance benefits associated w ith  netw orks d id  not 

figure prom inently  in  participants' interview  or open survey responses. O ne survey respondent 

noted tha t "[Com puter networking] facilitates the am ount of ‘informal* com m unication in  and 

th rough  an  organization. This is *good,* not bad." But com m ents that specifically alluded  to 

the benefit to an  organization of facilitating com m unication tha t w as not solely task-oriented, 

or to  the  suitability  of netw orks for facilitating th is kind of com m unication, w ere relatively 

rare. In the m ail survey m atrix on netw ork impacts, however, the m ajority of respondents felt 

th a t com puter netw orks increased one 's  ability to express ideas and problem s a t the po in t of 

need, as well as increased coherence w ith one's w ork com m unity. These tw o im pacts m ight be 

seen as related to the support of organizational health. In the sam e m atrix, 43% of respondents 

felt th a t netw orks increased the am ount of tim e people spent "fooling aro u n d ."  Since this 

questionnaire item  w as phrased in a general as well as pejorative fashion, it is difficult to infer 

w hether m ore positive organizational m aintenance functions m ay have been behind people 's 

responses. W hen asked in the telephone survey to report the purpose of a recent electronic 

com m unication exchange, only 58 of the 417 descriptions of purpose were categorized as "general 

inform ation exchange" or "social," w hile 103 were categorized as "adm inistrative" and  155 as 

"technical" (see Table 3-7), w hich w ould suggest tha t netw orks are used less extensively for 

organizational m aintenance, as com pared to other functional uses. N o substantial conclusions 

about the contribution of com puter networks to organizational m aintenance can be d raw n from 

the cu rren t study. W hile responses suggest that netw orks are not p rom inently  used as  an 

in fo rm al g rap e v in e—an d  m ay even  be red u c in g  casual con v ersa tio n s w ith  im p o rta n t 

m aintenance functions in  reducing face-to-face com m unication-it m ay be tha t th is phenom enon 

w as sim ply not adequately  elucidated by this study 's  m ethodology. Even though perm ission
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statem ents w ere used in  the interview s and surveys to encourage s tudy  participan ts to describe

th e  full range  of the ir experiences candid ly , it m ay be th a t resp o n d en ts  felt it w ould  be

inappropria te  to describe netw ork uses that m ight seem  trivial.

N egative im pacts resu lting  from  the application of inflexible in form ation  system s to

w ork that is highly  com plex and  uncertain were suggested in open responses elicited from  this

s tu d y 's  participants. This th reat to the quality  of engineering w ork has been noted  by other

researchers as well. For exam ple, H enderson 's study (1993) of the  use of C A D /C A M  system s

highlights p roblem s that m ay result w hen collaborative engineering w ork  practices related to

design are autom ated. H er analysis provides a user-based perspective on  the type of networked

design in itiative carried  o u t by Boeing in  the production  of the 777 an d  suggests negative

im pacts from  netw orking in both social and technical terms. She argues that:

The rep resen ta tio n s [sketches, d raw ings, designs] a re  the p ro d u c t of and  
resources for situated  practice. The destruc tion  of such  v isually -orien ted  
situated  practices m ay occur because of a fundam ental m isunderstand ing  of 
the ir crucial role in  the social organization of d istribu ted  cognition in  team  
d es ign  w ork. W hen such fundam ental m isu n d erstan d in g s a re  b u ilt in to  
inflexible com puter graphics program s designed w ith the m isleading idea of a 
definable linear process from concept to design to production , then the social 
m echanism s w ith ord inarily  repairs frequently occurring problem s are left o u t 
of the process w ith  potentially disastrous results (Henderson, 1993, p. 166).

M ore specifically , H en d e rso n  p ro v id es exam ples from  h er p a rtic ip a n t o b se rv a tio n  of 

engineering w ork in several design firms of the im portance of sketches an d  hardcopy designs to 

the kind of idea generation and  negotiation that occur—often across organizational boundaries- 

-in the design process. Two of the major assertions of H enderson's report echo com m ents m ade by 

subjects in  the cu rren t s tu d y 's  in te rv iew s/site  visits. Subjects in  bo th  stud ies no ted  that the 

process of sketching on paper is often the best way for an engineer to th ink through an  initial 

idea; view ing, discussing, and editing paper designs in face-to-face g ro u p  m eetings seem s to 

offer the best m echanism  for "getting the big picture" and w orking o u t problem s. H enderson 

suggests that netw orked access to com puterized designs m ay serve best as a record-keeping
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device and  concludes tha t new  technologies used  in  the p roduction  of v isual im ages in 

engineering can affect the w ork of individuals interacting w ith the design, the structure of w ork 

a t th e  g ro u p  level as ind iv iduals and  organizations in teract w ith  each o th e r and  w ith  the 

design, and the official job status and responsibilities of those engaged in design work.

H enderson 's findings lend further credence to Scho n 's  (1983) rejection of the m odel of 

technical ra tio n a lity  as being  ap p ro p ria te  for describ ing  eng ineering  w ork . N etw orked  

system s, ap paren tly , a re  n o t generally  capable of hand ling  w ork tha t is characterized  by 

com plexity, uncertain ty , and  value conflicts. The case stud ies conducted by H enderson  and  

Schon p rov ide  possib le insights in to  w hy m any aerospace engineers, in  the  cu rren t s tu d y , 

em phasized  the im portance of flexibility in system  use and w hy several su rvey  responden ts 

specifically cau tioned  against the thoughtless application  of com puters and  netw orks to  all 

w ork tasks.

Achieving positive im pacts and  reducing negative ones depends largely upon  w orkplace 

m anagers. R esults from  the cu rren t study  ind icate, how ever, th a t m an y  eng in eerin g  

o rg an iza tio n s a re  less than  w ell-p repared  to dea l w ith  the consequences of netw orked  

know ledge creation and  transfer. The com plaints and  recom m endations of survey  respondents 

po in t to a lack of coherent and visionary m anagem ent policy regarding system  im plem entation 

and  use. O rganizational m anagers m ust first be open  to innovations in  bo th  in form ation 

technology and  com m unication  and  w ork processes. They m ust achieve a fundam ental 

understand ing  of netw orking costs an d  benefits and of the relationship betw een business goals 

and  n e tw o rk  capab ilities. They m u st invo lve po ten tia l u se rs  in  th e  d ev e lo p m e n t of 

app rop ria te  and  usable netw ork applications, resources, and policies; and they m ust p rov ide 

adequate access and training. W orkplace and netw ork m anagers m ust prom ote through social, 

financial, an d  technical m ean s-w ith in  and am ong organizations—the ub iqu ity  of use and  the 

integration  of netw orked inform ation resources that are necessary for m axim um  productiv ity  

gains.
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A chieving desirable im pacts, how ever, also depends on  federal policy decisions and

trends in  the p roduction  of inform ation technology. A recent federal s tudy  investigated  the

natu re of the netw orked enterprise, its im pact on economic growth, and the role of governm ent in

d ev e lo p in g  a n  advanced  in fo rm ation  in fra s tru c tu re  tha t co u ld  en h an ce  o rg an iza tio n a l

p roductiv ity  and  U.S. econom ic com petitiveness (Office of Technology A ssessm ent, 1994). It

o ffers conclusions th a t echo  those derived  from  th is stu d y , nam ely  th a t "In fo rm ation

netw orking technologies w ill need to be varied, flexible, open, and  easily interconnected if they

are  to serve business and the nation 's needs" and that the technology m ust be w idely deployed

(p. 2). The report also suggests appropriate private sector and governm ent roles:

In the context o f the  N ational Inform ation Infrastructure, the p riva te  sector 
clearly has the p rim ary  role for developing, deploying, and  operating  the N il.
For the m ost part, industry  w ill develop the technology, p rov ide bandw id th , 
offer connectivity, and  ensure the availability of services and  p roducts in the 
pu rsu it o f profit. G overnm ent, however, cannot stand id ly  by. In its various 
roles a s  regu la to r, broker, p rom oter, educator, and in stitu tion  bu ilde r, the 
governm ent m u st establish the rules of the gam e and the incentive s tructu re  
tha t w ill help  determ ine private sector choices (p. 4).

G overnm ent policies and  practices, of course, may also be directed a t the consum ers of netw ork 

technologies, e.g., a t eng ineering  organizations them selves. Policies, financial suppo rt, and 

R&D that facilitate greater understanding  and  use of networks in engineering an d  related firm s 

shou ld  all be considered if encouraging the further spread of netw orked  en terp rises is held 

forth  as a policy goal.

Peters (1994) sum m arizes the im plications of the current m ove tow ard  the netw orked 

en terp rise  tha t th is study  has show n is already underw ay for m any aerospace organizations. 

H e offers adv ice for w orkplace m anagers tha t substantially  echoes a n u m ber of im portan t 

them es iden tified  by partic ipan ts in the cu rren t study . P eters asserts  th a t the "extent, 

capacity , and  resiliency of [the] en terp rise  inform ation in frastructu re  m ust be a m atte r of 

com m on know ledge and  subject of com m on concern" (p. 26) and  tha t the deve lopm en t of 

telecom m unications technologies, resources and services, and organizational integration efforts
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m ust proceed in tandem . Participants in the current s tu d y , similarly, argued for the inclusion of 

all po ten tia l u se rs in  th e  im plem enta tion  p rocess and  no ted  the  need  for changes in 

o rg an iza tio n a l th in k in g  an d  p rocesses th a t w ou ld  parallel the  changes in  in form ation  

technology.

P eters also no tes th a t w hile m any people a re  sim ply u sing  netw orks to "autom ate" 

their p rev ious w ork, o thers have begun to exploit the transform ational pow er of the Internet; 

he concludes tha t "th is b road  and uneven process of social learn ing  is typical o f socially 

tran sfo rm in g  technologies" and , thus, that "exploration  an d  d iscovery  are  particu la rly  

app rop ria te  strategies" for encouraging effective use a t both the individual and  organizational 

levels (Peters, 1994, p. 27). Engineers and managers, as  respondents in  the cu rren t study noted, 

m ust be open  to new  w ays of do ing  things and all people m ust be given am ple  tim e to gain 

fam iliarity w ith  netw orks and  explore the ways in w hich netw orks m ight suppo rt or transform  

w ork  and com m unication. Further, this study offers one potentially  useful m eans of vicarious 

exploration  and  discovery, in that it allow s the reader to gain  insigh t from  the netw orking 

experiences of a w ide range of engineers.

5.4. Towards a Conceptual Framework for Understanding Network Use

This study  w as based on a particular conceptual model of engineering w ork and the role 

o f com puter netw orks in that work, which was developed from a review  of relevant literature. 

The m odel helped fram e the study 's  research questions and  the m anner in w hich data w ere 

collected and analyzed to answ er those questions. O ne assum ption guiding the study w as that 

engineering w ork and  com m unication tasks involve a situation in which an  engineer accesses 

particu lar resources w ith in  a particular w ork environm ent. A nother assum ption  w as tha t the 

engineering w ork environm ent consists of interrelated social, behavioral, and  technical aspects 

(see F igure 1-1). This research w as based on the belief that netw ork ing  should  be viewed 

w ithin the context of engineering work in order to collect useful data for understand ing  factors
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an d  im pacts associated w ith  netw ork use, i.e., tha t the extent and  natu re  of netw ork  use w ould 

b e  re la ted  to th e  n a tu re  of the aerospace eng ineer's  w ork an d  com m unication  activities. 

F urther, it w as believed th a t collecting d a ta  from  ind iv idual eng ineers ab o u t the ir ow n 

experiences and perceptions was critical if one hoped to design netw orked system s, services, and 

policies w ell-suited  to their needs. The m odel and  the assum ptions underly ing  it served to 

describe the phenom ena and relationships that w ould be exam ined in  the s tu d y  and  gu ided  the 

design of the s tu d y 's  data collection instrum ents.

H ow  accurate w as the m odel in its assum ption that netw ork  use w ould  be related  to 

various aspects of engineering w ork? A nd how  successful w as the s tu d y 's  m ethodological 

app roach  in  g u id in g  the collection of d a ta  th a t w ould  be useful to those responsib le  for 

im plem enting  netw ork  system s and  policies? An im portant theoretical conclusion is th a t the 

s tudy  d id  identify links between the use o f netw orks in  aerospace engineering and 1) individual 

tasks, 2) specific engineering resources, 3) the natu re  of engineering w ork an d  com m unication 

activities perform ed by engineers, 4) situational aspects of task  perform ance, an d  5) certain  

organizational characteristics. The conceptual m odel gu id ing  the s tudy , then, p roved  to  be 

valid in  tha t the m ove from  a non-netw orked to a networked m ode of access for hum an  and 

other resources (see F igure 3-2) w as show n to be influenced by a range of these w ork-related 

factors. Thus, s tudy  results contribute to theory developm ent: for exam ple, findings indicate 

n o t only tha t netw ork use is related to nature of work, they also suggest specific relationships, 

such as tha t netw ork use is m ore likely am ong people whose w ork m ust be integrated  w ith  the 

w ork of others.

Integrating study  findings that address the broad context of engineering w ork and  are 

derived from  m ultiple data  collection instrum ents is complex, b u t the collection of data  in this 

m anner on  usage, factors affecting use, and im pacts gives those hoping  to im plem ent netw orks 

effectively in  their organizations a m ore realistic view of w hat to expect and  how  to proceed. 

O ne particu lar prob lem  in the u tility  of the s tu d y 's  results, how ever, is th a t collecting data
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across organizations m akes pinpointing problem s and  solutions for a new  organization difficult. 

W hile resu lts reveal a general agreem ent tha t netw orks are hard  to use, they d o  not suggest 

p a r tic u la r  so lu tio n s  bey o n d  basic a d m o n itio n s  th a t g re a te r  s ta n d a rd iz a tio n , b e tte r  

docum entation, m ore training and  support, and user-friendly graphical interfaces a re  needed.

The s tu d y 's  conceptual model of netw ork use w ithin the context of engineering w ork— 

w hich focused on tasks, resources, and  the  task en v iro n m en t-h e lp ed  to tr ia n g u la te  and  

in te rp re t results. For instance the individual findings that m athem atical analysis is the  task 

m ost likely to be perform ed w ith a network, tha t rem ote login to com putational tools is one  of 

m ost com m on and  valued uses of netw orks, that com puter p rogram s are  the m ost accessible 

netw orked resource, th a t im provem ents in w ork productivity  w ere the m ost com m only nam ed 

benefit in the open  survey question on impact, and that lack of convenient access is seen as m ajor 

barrie r to use converge to portray  a coherent vision of factors and  im pacts associated w ith  a 

particu lar use of netw orks by engineers. Similarly, the overw helm ing com plaint ab o u t the lack 

of standard ization  and  integration across systems, taken w ith the finding that the exchange of 

in form ation and  ideas across organizational boundaries is one of the m ost w idely  perceived 

benefits, suggests th a t rem edying th is particular problem  w ould resu lt in significant gains for 

an  organization trying to im prove coordination across units.

A nother m ethodological conclusion is that questioning about both specific tasks and  the 

general env ironm ent yielded helpful results and a better understand ing  of netw ork  use. For 

exam ple, the first perspective produced the finding that m ost tasks perform ed w ith  netw orks 

w ere perform ed by on e  person. Yet the second revealed tha t those w orking independen tly  are 

less likely to use netw orks, generally . Thus, it ap p ears  th a t the need to co o rd in a te  and  

collaborate m otivates the use of netw orks, even though netw orks are better a t enabling  the 

perform ance of independent tasks.

The m ethodological decision to include open  q uestions also p roved  help fu l for 

im proving the quality  of study  results. Open responses provided a w ay to capture the intensity
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and  specificity  of the in d iv id u al eng ineer's experience. In terview  an d , especially , survey

respondents, seem ed to welcom e the chance to express the views and relate their experiences in

their ow n  w ords. O pen  responses also proved a useful aid  in  in terpreting  quan tita tive  results

and b rough t u p  im portan t inform ation that the researcher had not bu ilt in to  response categories

for closed questions (and  w hich w as not elicited by the "o ther" response category for closed

questions). For exam ple, as noted above, productivity gains w ere the m ost frequently m entioned

positive im pact in  an  open  question . This critical netw orking  benefit w as not adequate ly

represented  in closed questions, and  so the study 's  findings w ould have been m isleading if the

open  question  had  no t been included  in  the m ail survey instrum ent. Several exam ples of the

forceful an d  rich responses elicited by the survey question w hich asked responden ts w hat they

w ere m ost eager to convey to  policym akers, service providers, and w orkplace m anagers about

the im pact o f netw orks on aerospace w ork are provided below:

"N etw ork ing  can certain ly  im prove inform ation flow  in the design  process.
Lack of inform ation is alw ays a big problem  in producing a p roduct cheap, fast, 
and  accurate. Usually on ly  two of the three are possible."

N etw orks have been very h e lp fu l-b u t w e need a seam less sy stem -so  data can 
flow  quickly  and  easily. N etw orks cannot now  rep lace hum an  in teraction  
(especially m ore than 2 people). My m ost productive activity is to “brain  sto rm ' 
a specific p rob lem  w ith  a small g roup  of people (3-6) using  verbal, w ritten , 
black board, scratch paper, etc."

"PROFS, no lo n g e r av a ilab le  a t m y w ork location , p ro v id e d  a m ajo r 
im provem ent in com m unication and docum entation. It w as elim inated because 
of perceived abuse and cost."

"It is critical th a t the tail ‘STOP* w agging the dog; the data  system s org. 
‘EXISTS* solely to su p p o rt the mission. In candor, I cannot be optim istic abou t 
th is - F o r  w h a te v e r rea so n s, d a ta  sy stem s o rg an iz a tio n s  h a v e  becom e 
en trenched  as the ‘PRIMARY* organization in m any, if not m ost places. Data 
system  people a re  in fact, not technically trained people in m ost cases; they can 
an d  have caused m ajor foul-ups d u e  to  thinking they understand  the science 
involved in projects they 'support.' A perfect exam ple: Fairing the data a t the 
stall of an airfoil sm oothly & continuously when the stall is in fact, abrupt, and 
there is a discontinuity  in  the fairing" [graph to dem onstrate w as also draw n).

W hile quan tita tive  resu lts can be  m ore useful for sum m arizing the extent of netw orking in the

aerospace industry  and the degree to which certain im pacts and  factors associated w ith  use are
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felt, the qualita tive responses yield greater insight into the natu re  of particu lar p roblem s and 

benefits.

This s tudy 's  conceptual focus on the network use environm ent and situations of engineers 

has contributed to curren t know ledge about the extent of netw ork u se  in the aerospace industry  

an d  abou t the m ultifaceted forces w hich facilitate and  im pede the successful im plem entation  

of netw orked system s in tended for aerospace engineers. While the nature of the s tu d y 's  m ethod 

an d  goals p rec lu d ed  the te sting  of hypo theses, resu lts n o n eth e le ss  co n trib u te  to  ou r 

un d erstan d in g  of factors that encourage or discourage the use of netw orks by the ind iv idual 

aerospace engineer and  of the problem s and benefits that aerospace engineers are likely to -o r  

co u ld —ex perience  as a re su lt o f the  im plem en ta tion  o f n e tw o rk ed  sy stem s in  the ir 

organizations. Through the lens of netw ork use, the study also contributes to know ledge about 

the natu re  of engineering work, com m unication, and  com m unities, in tha t the tasks, activities, 

and  env ironm ents o f aerospace engineers w ere explored at som e dep th . For exam ple, this 

research  a p p e a rs  to  confirm  the  conclusion  o f m any p rev io u s  s tu d ie s  th a t in te rn a l 

com m unication is m ore im portan t in engineering w ork than external com m unication. To the 

extent tha t the w ork tasks and  characteristics of aerospace engineers are shared  by people in 

other professions, s tudy  results m ay be generalizable to other types o f netw ork users.

The s tu d y 's  user-based approach  has y ielded results tha t have no t been achieved in 

stud ies tha t focus m ore narrow ly on economic and technical aspects of netw orking. A nother 

streng th  related  to the utility  of s tudy  results is the fact that in -dep th  d a ta  w ere collected 

from nearly one thousand respondents in a wide range of aerospace engineering occupations and 

organizations, prov id ing  a useful snapshot of the curren t state of netw ork ing  th roughou t the 

industry . Thus, s tu d y  resu lts should  affect inform ation technology decisions a t bo th  the 

organizational and national level. The current extent of netw ork use has been described (along 

w ith som e indication of w here use is greatest and w hy the lack of m ore ub iquitous use threatens 

the ab ility  of netw orks to achieve an ticipated  benefits); im p ed im en ts  to  effective and
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efficient netw ork use, as well as actions to encourage use, have been articulated  by in tended  

users them selves; and  the positive and negative im pacts actually experienced by a range of 

aerospace engineers have been articulated.

5.5. Study Implications for the Current Nil Policy Framework

Federal in form ation  policy developm ents d u r in g  the C lin ton  ad m in istra tio n  have 

clearly encouraged the im plem entation and use of com puter netw orks bo th  w ithin the Federal 

governm ent an d  on a national level. The "inform ation superhighw ay" is a  fixture in  popu lar 

cu lture, and considerable executive and legislative activity centers on the developm ent of the 

N ational In form ation  In frastruc tu re (N il). As of Fall 1994, the Federal governm en t w as 

pursu ing  major netw orking policy initiatives in a num ber of key areas. M ost relevant to netw ork 

im plem entation in  engineering are efforts to promote:

• G reater access to netw orks for all citizens;

• The developm ent of standards related to networking;

• Increased netw ork access to governm ent em ployees and information;

• Reforms in telecommunications regulations;

• Reforms in intellectual property laws; and

• The developm ent of com puting and netw orking applications m eant to suppo rt science, 
business, and industry.

Results from the current study  offer evidence that such initiatives are  needed and are bound  to 

have a great influence on netw ork im plem entation and use in aerospace.

The la test rou n d  of advances in Federal netw ork ing  policy began  w ith  th e  H igh 

Perform ance C om puting Act of 1991 (P.L. 102-194), w hich established governm ent su p p o rt for 

the developm ent of the N ational Research and Education N etw ork (NREN). Policym akers 

contended  that the high-speed, high-capacity netw ork w as designed to p rov ide researchers, 

educators, and students with links to com puter and inform ation resources; its chief aim s w ere to
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foster U.S. leadersh ip  in high perform ance com puting and  com m unications a n d  to  prom ote 

advances in  science and  industria l com petitiveness (Bishop, 1991). Benefits of the  NREN w ere 

also expected to be felt in  a  broader sphere, b u t in an  indirect m anner and a t a som ew hat later 

p o in t in  tim e. Research and  education benefits w ould eventually  m ake their w ay to a w ider 

range of disciplines and  low er educational levels. G eneral econom ic p rosperity  and national 

w ell-be ing  w ou ld  ev en tu a lly  be felt as  the  U.S. s tren g th en ed  its  su p e rio r  p o sitio n  in 

in ternational high technology m arkets and m ade rap id  advances in cu tting-edge science and 

engineering. Som e attention  w as given to the need to connect schools an d  libraries, p rov ide 

NREN in fo rm ation  and  tra in ing  services to po ten tia l users, an d  take a d v a n ta g e  of the 

potential of the NREN to im prove the dissem ination of governm ent inform ation. C ooperation 

w ith  the p riva te  sector in  bu ild ing  the NREN w as endorsed  and  im p o rtan t policy issues 

need ing  attention  w ere identified, such as protecting intellectual property  rights, m ain ta in ing  

netw ork security and privacy, and guiding the transition to commercial use.

In the last two years, how ever, Federal policy has begun to en v is io n -an d  to call for--a 

d ram atically  m ore inclusive use of netw orking capabilities (Bishop an d  Bishop, in press). 

Rapid and w idespread com m ercialization of infrastructure and services, b ro ad er social goals, 

g rea ter focus on netw ork application developm ent and on use and users, and  com m unity  and 

o rg an iza tio n al level p artic ip a tio n  in  netw ork ing  th rough  In ternet connections a re  now  

im portan t policy goals. This new  vision of a seamless m esh of h igh perform ance com puting and 

com m unications resources that w ould reach every U.S. com m unity and enhance the life and 

w ork of each and every citizen cried out for a new  acronym, and the N il w as born, w ith  ubiquity  

and m ultipurpose use set as new  goals for national networking endeavors.

For exam ple, the C linton adm inistration 's Technology for America's Economic Growth: 

A  New Direction to Build Economic Strength (Executive Office of the President, 1993, February 

22), stresses the need to harness technology, includ ing  inform ation technology, to m ake a 

difference in the lives of Americans by creating m ore and better jobs, a cleaner environm ent, a
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m ore com petitive p riva te  sector, and  m ore vital educational and  research com m unities. Vice 

P re s id en t G o re 's  Creating a Government that Works Better & Costs Less: Report o f the

National Performance Review  (1993, Septem ber 7) pu ts substantial em phasis on  the  u se  of new  

inform ation  technologies to im prove the delivery  of governm ent services to  the  A m erican 

citizen. T he rep o rt concludes that the potential for new  technologies to m ake governm ent 

services m ore effective and  efficient is great, b u t that affordable, easily accessible, easy to use 

applications a re  essential. Equally im portant is the developm ent of policy an d  m anagem ent 

approaches tha t are based on a true understanding of the utility and im pact of new  technologies 

and th a t p rov ide  incentives for innovation, encourage participation  by end  u se rs in  the design 

and im plem entation process, and  incorporate a rigorous program  of testing an d  evaluation.

In a rep o rt th a t e labo ra tes on the obstacles and  op tio n s re la ted  to  im p ro v in g  

governm ent service delivery, the Office of Technology A ssessm ent (1993, Septem ber) identifies 

a range of policy, technology, and m anagem ent im provem ents. C hief find ings are tha t the 

m ove to electronic service delivery is inevitable, that the Federal governm ent lacks a coherent 

and  innovative vision and  strategy, that cost-effectiveness and  p roper a tten tion  to  "the hum an 

factor" a re  not assured, that the w ide range of existing technologies are underu tilized , and  that 

policy and  m anagem ent structures are outdated. OTA's findings and recom m endations are 

relevant to  th is s tudy  for several reasons. First, the findings echo the rep o rts  obtained from 

netw ork  u se rs and  nonusers in  this study and  hence p rov ide further ev idence tha t user and 

m anagem ent problem s are endem ic across a w ide range of organizations and situations. Second, 

to the d eg ree  that O T A 's findings and recom m endations app ly  directly  to the  delivery  of 

electronic services by  NASA and o ther governm ent bodies tha t d irectly  serve the aerospace 

industry  (and the findings of this study  suggest that they do), O TA's conclusions should be given 

even g rea ter attention.

C onsidering  the  findings of OTA and this study in  tandem , it ap p ears  th a t the m ost 

im p o rtan t recom m endation  for the aerospace com m unity  lies in  the rev ita liza tio n  of the
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p rin c ip les  a n d  prac tices of in form ation  resources m anagem en t (IRM). It is clear th a t 

in n o v a tiv e , in te g ra tiv e  ap p ro a ch es  to the m anagem en t of in fo rm atio n , in fo rm ation  

technologies, an d  in form ation  services are lacking in both governm ent an d  p riva te  sector 

o rgan izations. N etw orked  system s and  services are fragm ented, users a re  forgotten , and  

organizational transform ations are rarely engineered or even understood. Thus, organizational 

goals a re  no t w ell-served and  netw orked system s are  no t realizing their full potential. This 

stu d y 's  findings show  th a t OTA's call for leadership and  innovation (not to m ention increased 

know ledge an d  skills rela ted  to netw ork technologies) am ong those charged w ith m anaging 

in form ation resources w ith in  an  organization, enduser involvem ent, d irectories of electronic 

resources and  services, and  the prelim inary evaluation of new  netw orked system s, should  be 

applied w ith equal force to governm ental and other organizations in aerospace.

The p roposed  N ational Inform ation Infrastructure Act o f 1993 (H.R. 1757), w hich 

passed the  H ouse on July 26, 1993, exemplifies the cu rren t policy trend  tow ard ubiquity  and 

m ultipurpose use of com puter networks in both its nam e and nature. The bill am ends the NREN 

portion of the H igh Perform ance Com puting Act of 1991 to more clearly define and  establish the 

g overnm ent's  national netw orking program ; while the earlier NREN legislation em phasized 

in frastruc tu re  R&D and  deploym ent, the new  bill com plem ents and  ex tends this policy by 

focusing on the  developm en t of applications and train ing to m ake su re th a t the netw ork  

in frastructure is pu t to good use in  both the public and private sectors. Funds authorized  to 

su p p o rt the b ill 's  p rov isions increase from  $102 m illion in FY94 to $400 m illion in FY98. 

S im ilar N il legislation w as passed in the Senate in  M arch, 1994, in  the form  of the N ational 

C om petitiveness Act of 1994 (S. 4), w hich includes a section (Title VI) on in form ation 

infrastructure and  technology. The Senate and House bills were com bined as H.R. 820, b u t that 

bill d ied  in conference com m ittee a t the end of the 103rd Congress.

The p roposed  C om m unications Act of 1994 (S. 1822) w as the p rim ary  in strum ent 

p repared  by the legislative branch in support of telecom m unications regulatory reform; it, too,
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failed to becom e law  in the 103rd Congress. The bill required all com m on carriers to contribute 

to a universal service fund, opened u p  new  avenues of com petition betw een local and  long 

d istance te lephone com panies as well as betw een telephone an d  cable TV com panies, and  

reserved a sm all portion  of telecom m unications capacity for public uses. W hile th e  ultim ate 

im pact of such reform s on the use of com puter netw orks in  the aerospace ind u stry  is virtually 

im possible to predict, the in tended results of broader, cheaper access to telecom m unications 

infrastructure and services w ould be of obvious benefit. Respondents in  this study  noted both the 

lack of ub iqu itous access to netw orks am ong aerospace engineers and  the prohibitive costs of 

installing and  m aintaining netw ork infrastructure. Those m ost often by-passed w ere em ployees 

in sm aller aerospace firms.

A lthough the m ost crucial pieces of legislation related to N il application developm ent 

an d  telecom m unications reform  w ere no t passed in to  law  in 1994, they w ill u ndoub ted ly  

influence the developm ent of subsequent legislation and  the debate tha t will su rround  it. The 

policy trend tow ard encouraging the broader use of com puter netw orks th rough  application  

developm ent, increased com petition am ong telecom m unications carriers, and universal access 

will undoubtedly continue.

Executive branch activities related to national netw orking have also increased in  pace 

an d  v isib ility  over the p a s t several years. P re sid en t C lin ton  has b ro u g h t to g e th er 

representatives from key federal agencies to form a N ational Inform ation Infrastructure Task 

Force (NIITF), under the direction of the Secretary of Commerce. The task force, in  concert w ith 

various o ther advisory  groups, is to play a major role in shap ing  federal N il policy. It has 

form ed w orking g roups devoted  to several critical policy areas, such as  un iversa l service, 

intellectual property  rights, privacy, and governm ent inform ation. The Clinton adm inistration  

released a sta tem en t elaborating  its N il agenda (Executive Office of the P residen t, 1993, 

Septem ber 15), in w hich the N il is defined as an am algam  of technology, applications and 

so ftw are , s ta n d a rd s  an d  transm issions pro toco ls, the p eo p le  w ho w ill d ev e lo p  the
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in frastructu re  an d  p rov ide services (prim arily  in  the p rivate  sector), an d  inform ation. The 

adm in istra tion 's stated  objectives for the N il are to (Tab A, p. 1-2):

• P rom ote private sector investment;

• Extend the concept of un iversal service to ensu re  tha t in fo rm ation  resou rces are 
available to all people a t affordable prices;

•  Act as a catalyst to prom ote technological innovation and new  applications;

• P rom ote seamless, interactive, user-driven operation of the netw ork infrastructure;

• Ensure inform ation security and netw ork reliability;

• Im prove m anagem ent of the radio frequency spectrum;

• Protect intellectual p roperty  rights;

• C oordinate w ith  other levels of governm ent and w ith other nations; and

• Provide access to governm ent information and improve governm ent procurem ent.

These objectives are to  be achieved not only th rough governm ent investm ents b u t th rough the

reform  of re levan t regu la tions an d  policies. The C linton ad m in istra tio n 's  v ision  for the

w idespread use of netw orks in U.S. industry is c le a r :

Electronic com m erce (e.g., on-line parts catalogues, m ultim edia m ail, electronic 
paym en t, b rokering  services, co llaborative eng ineering) can  d ram atica lly  
reduce the tim e required  to design, m anufacture, and m arket new  products.
"Tim e to m arket" is a critical success factor in to d ay 's  global m arketp lace . 
[E lectronic] com m erce w ill also s tren g th en  the re la tio n sh ip s  b e tw e en  
m anufacturer, suppliers, and  joint developers. In today 's m arketplace, it is not 
unusual to have 12 o r m ore com panies collaborating to develop and m anufacture 
new  products (Tab C, p. 3).

R esults from  the cu rren t s tudy  suggest that th is depiction of netw ork  u se  an d  benefits is 

especially applicable to the aerospace industry . Study respondents, how ever, also  provided  

am ple evidence that issues of standardization, user aw areness and support, security , cost, and 

the developm ent of applications w ell-suited to engineering w ork m ust be m ore adequately  

addressed before w idespread use and benefits are felt am ong aerospace engineers.

The research uses envisioned for the N il also apply  to aerospace engineering  work,
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w hich clearly encom passes basic scientific endeavors. M entioned in  C lin ton 's agenda are  the 

design  an d  sim ulation  of next-generation aircraft; rem ote access to scientific instrum ents; and  

su p p o rt of research collaboration through netw ork access to databases, com putational resources, 

shared  docum ents , d ig ita l libraries, and  geographically-dispersed colleagues. The ro le  of 

ad vanced  in fo rm ation  technologies in  p rom oting  large-scale, in te rd isc ip lin a ry  research  is 

elaborated  m ore fully in  a report on  "national col laboratories" p roduced  by  the N ational 

Research Council (1993).

F ind ings from  the  cu rren t s tu d y  contribu te baseline d a ta  on the ex ten t to w hich 

netw orks a re  currently  dep loyed  in the aerospace industry, an industry  prom inently  m entioned 

in  N il policies because of its  strategic scientific, technical, and  econom ic im portance. This 

s tu d y  has p rov ided  am ple  evidence tha t com puter netw orking can im prove productiv ity  in the 

aerospace industry . Federal netw orking and STI policy, as well as the policies and  practices of 

NASA and other agencies crucial to the conduct of w ork in the aerospace industry , m ust develop 

m echanism s to  facilitate use, if the desired  gains a re  to be achieved. S tudy  resu lts  indicate 

that, for som e aerospace engineers, the N il vision is rap id ly  becom ing a reality . For m any 

others, how ever, m ajor barriers still inhibit their ability to take full advantage of netw orking. 

N etw ork  functionality  is expanding  to encom pass a variety of applications, b u t ub iqu ity  of 

connections an d  u se —indeed  recognized as critical goals—lie farther o u t o n  the horizon.

A nother critical conclusion from  the study th a t should gu ide policy developm en t is 

th a t com puter netw orks a re  sim ply too difficult for m any aerospace engineers to use. Enhancing 

usability  m ust becom e a p rim ary  policy consideration. P rogram s th a t facilitate aw areness and  

supp ly  training and su p p o rt should be encouraged, as should efforts to im prove the usability of 

the  technology itself, as d iscussed below. The central finding that aerospace engineers have 

difficulty using  com puter netw orks has obvious implications for N il developm ent, generally. If 

th is h ighly  educated  an d  com puter literate com m unity com plained so vehem ently  abou t the 

usability  of com puter netw orks, w hat hope is there that the "average citizen" will be ab le to
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use networks easily?

The s tu d y  also revealed  the b ifurcation  am ong aerospace eng ineers in  the  use of 

organizational an d  research netw orks, com pared to the use of external, com mercial netw orks. A 

num ber of survey  respondents noted their inability to, in a sense, m erge the resources of these 

netw ork  types, and  access bo th  w ork and  other resources from  any  location. A num ber of 

com m ents w ere m ade in  the survey about the need to reduce this bifurcation of netw ork  types 

and  access:

"W e need  an  infrastructure that gets that pow er to every desktop, w hether the 
desk top  is a t the office o r the hom e."

"G reat im pact w ith potential in future for substantial im pact in  peoples's lives both at 
w ork and home."

"B usiness/governm ent should allow  m ore em ployees the la titude to w ork  a t hom e by 
installing  system s and  netw orks there. H igh congested areas like Los Angeles, N ew  
York, etc., should be a h igh priority  for this endeavor."

"I believe m y em ployer's com puter departm ent could im prove the value of the 
com puter system  w ith m inor changes in policy. 1) Allow access by users to the 
o u tside  w orld. I have accessed bulletin boards, using m y PC a t home, to  obtain 
info, for w ork  pu rposes. 2) A llow  access from  outside. In m y p rev ious 
em ploym ent 1 have subm itted  overnight com puter runs and  la ter check from  
hom e, corrected errors, and had good results the next day."

"W e need a network not just a work bu t on the road and a t home."

T hese com m ents also reflect favorably on  the N il vision generally , in th a t they  note the 

benefits of m aking  access to h igh  quality infrastructure available for general citizen use in the 

home.

5.6. Recommendations

The resu lts  of th is s tu d y  po in t natu ra lly  to recom m endations for o rgan izational 

m anagers an d  netw ork  policym akers concerned w ith  the  effective in troduc tion  and  use of 

com puter netw orks in the aerospace industry , specifically, and in  the engineering enterprise,
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generally .

O n the national level, efforts should be m ade to:

• H elp sm aller organizations in the private sector to connect to the N il;

• Encourage universal network service;

• P ursue policies and R&D that w ill facilitate standard ization  and  interconnection  of 
networked systems;

• C ontinue efforts to protect system security and intellectual property  rights;

• C onsider im plem enting the kind of "co-determ ination" policies in  force in  several 
S candinavian  coun tries th a t m an d ate  em ployee invo lvem en t in  th e  d es ig n  and  
im plem entation of all workplace technologies (Bishop and Bishop, in press);

• U ndertake a m ajor reform  of the Federal Inform ation Resources M anagem ent (IRM) 
p ro g ram  to increase the technical expertise  o f IRM staff, foster innova tion , and 
encourage understanding  of how to m anage inform ation resources and  technologies to 
su p p o rt organizational goals and  ind iv idual's  w ork tasks. As p a r t of th is  reform , 
establish  a center for the provision of technical assistance to agencies w ish ing  to 
establish new  networked systems;

• Encourage the developm ent of directories and clearinghouses of aerospace inform ation 
in  electronic form;

• Encourage the greater availability and usability of electronic governm ent inform ation 
and  services, generally;

• Encourage NASA in the transfer of its innovations in netw orked  system s to o ther 
organizations in the aerospace industry;

• Support netw ork training and education program s in libraries and schools as well as in 
individual aerospace firms;

• Fund R&D aim ed at im proving the usability of networked systems; and

• S upport p ilot projects and other research efforts aim ed at study ing  netw ork  use and 
usability, especially those that w ill provide insight in to  understand ing  an d  m anaging 
organizational changes related to netw ork im plem entation.

These recom m endations do not, for the m ost part, suggest radical changes in cu rren t Federal

initiatives and trends.

M anagers in aerospace organizations could also do m ore to encourage the effective and

efficient use of networked systems. Study results suggest that efforts should be m ade to:
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• Increase use in sales and  m arketing, adm inistration, d es ig n /p ro d u c t engineering, and 
service an d  m ain tenance units. These are curren tly  w eak links in  the  netw orked  
enterprise.

• G et m ore organizational resources online and allow  external connections to facilitate 
resource access, com m unication, and  collaboration across organizational boundaries.

• Rethink the nature of organizational boundaries that separate people an d  inform ation 
stores:

Balance access w ith control;
Deal w ith security  issues, both  technically and philosophically;
Integrate resource access and use across units, both technically and conceptually.

• Since access to and  m anipulation  of online archives of d a ta  an d  softw are is curren tly  
m ore w idespread  than  access to full text, especially pub lished  lite ra tu re , devote 
particu lar attention to bringing this type of resource into the netw orked environm ent. 
To facilita te th is  process, increase the involvem ent o f on-site lib ra rians in system  
developm ent.

• Increase the ind iv idual engineer's netw ork access, in term s of bo th  the availability  of 
needed  h ard w are  an d  so ftw are an d  th e  aw areness  of n e tw ork  ca p ab ilities  an d  
resources.

• Im prove standard ization  and com patibility am ong organizational system s.

• Make organizational support of, and rew ard for, netw orked activities m ore explicit.

• A nticipate and  avoid  conflicts by discovering w here a ttitudes and expectations vary 
am ong different groups. Foster com munication am ong m anagers, system  adm inistrators, 
and users. Incorporate the experiences and views of the intended users of the netw orked 
system  in the design  an d  p lanning  phases. Some exam ples of the d iffe ring  view s 
revealed in  this s tudy  are:

M any n o n u se rs  h av e  u n rea lis tic  ex p e c ta tio n s  a b o u t re lia b ili ty  an d  
com patibility , and  the degree of effort required  to keep u p  w ith  netw orking  
ap p lica tio n s;
Many nonusers cannot im agine how use will benefit them;
Som e people have exaggerated  fears abou t the po ten tia l u se  of com pu ter 
netw orks to leak classified or proprietary  inform ation.

• Facilita te u n d e rs ta n d in g  of ne tw ork ing  im pacts and  benefits  by inc reasing  the 
aw areness of, and discussion about, both  d irect and second o rder effects w ith in  an 
organization. Incorporate plans for netw ork im plem entation w ith the o rgan ization 's  
overall strategic plan.

• T ra in ing  an d  su p p o r t p ro g ram s a p p e a r to increase use; b o th  n eed  d ram a tic  
im provem ent. M echanisms to im prove user education and support include:

Pay special attention to training needs of new  and older employees;
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A llow  ad e q u a te  tim e for the steep  learn ing  cu rve associa ted  w ith  m any 
inform ation technology applications;
Deal m ore aggressively w ith particular fears, e.g., loss o f personal contact w ith 
colleagues;
Target those engaged in tasks m ost appropriate to the use of netw ork  channels 
(e.g., p e rfo rm in g  m athem atical analyses, lea rn in g  how  to do  som eth ing , 
p roducing draw ings o r designs, developing theories or concepts, selecting design 
m ethods or procedures);
Include com puter experts in  netw ork aw areness and  train ing  efforts; they, too, 
need  h e lp  u n d ers ta n d in g  the w ide variety  of po ten tia l n e tw o rk  u ses  and 
resources and  learn ing  how  to navigate netw ork  in form ation  system s and 
com m unicate electronically.

These recom m endations are  necessarily fairly general, as they w ere derived  from  the reports of 

netw ork  users and  potential users in  a w ide variety of engineering w ork settings. R espondents 

based their percep tions on, and  relayed experiences related to, the mix of technical and  social 

constra in ts  m aking  u p  their particu lar w ork and netw orking environm ents. A lthough  some 

p rob lem s (and their recom m ended  solutions) seem  to apply  to v irtually  all o rgan izations, 

o thers vary  according to the circum stances of the individual organization.

M ore specific suggestions geared to particu lar situations m ight also be derived  from 

s tudy  data; but, by and  large, the selected analysis of results perform ed to date w as in tended to 

ascertain  m ajor trends an d  outcom es and, so, does not lend itself to th is type of interpretation . 

S im ilar research, how ever, conducted  from  a user perspective b u t perform ed w ith in  a single 

o rgan iza tion , w ou ld  genera te  specific d a ta  th a t could be u tilized  by th a t o rg an iza tio n 's  

m anagers, system  designers, and  service providers to: develop p roducts and services w ell-suited 

to custom er/c lien t needs; choose appropriate netw ork designs and  features to m eet u sers ' real 

needs; devise strategies to prom ote netw ork use; develop appropria te  m anagem ent and  use 

policies; and im plem ent effective mechanism s for user training and  support.
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5.7. Directions for Further Study

This s tudy  com bined site v isits/in terv iew s, a te lephone survey, an d  a national m ail 

survey  to collect descrip tive d a ta  on the use of com puter netw orks in  the aerospace industry . 

Results describe the n a tu re  and extent of com puter netw ork use across the industry  as  a whole, 

an d  suggest factors and  im pacts associated w ith use. Further research could  com plem ent and 

advance the know ledge gained in th is study. It could also ad d ress  issues that arose in  the 

context of the curren t study. Specific directions for further study  are outlined below:

•  C onduct case studies of specific aerospace organizations representing d ifferent degrees 
of netw ork  im plem entation. Such research would allow  a m ore specific identification 
of netw orking  success an d  failure factors (in training, access, o rganizational netw ork 
im plem entation procedures and policies, system design).

• C arry o u t m ore specific p ro b in g -in  form s ranging from  additional m anipulation  of data 
ga thered  in  th is study , to new  stud ies incorporating, for exam ple, e th n o g rap h y  or 
form al hypothesis-testing-on  reasons for the use and nonuse of netw orks. C om parison 
of netw ork use by  various job categories is one area in which data from  the cu rren t study 
could b e  analyzed m ore fully. O ne particular question raised by the cu rren t s tu d y  is 
w hy netw ork use is low er for m anagers and design engineers than for those engaged in 
o ther types of w ork. Is th is because netw orks a re  no t needed in  th e  perform ance of 
these types of w ork? O r do  special barriers exist for these types of users? A nother 
question  raised in this s tudy  is which netw ork features, functions, and  applications are 
easiest to learn and  m ost effective for engineering work.

• C onduct additional stud ies to analyze the curren t and  potential ro le of lib rarians in 
ne tw o rk  system  design  an d  train ing, and  the ro le of lib raries in  the d e liv ery  of 
netw orked  inform ation. Specific questions to explore include: C ould  lib ra rians 
effec tive ly  in c rease  an d  im p ro v e  n e tw o rk  tra in in g  and  su p p o r t  o ffe re d  in 
organizations? Will netw orked  personal collections replace som e lib rary  functions? 
A nd, if so, will they be m ore useful for p rov id ing  access to re levan t pub lished  
lite ra tu re ?

• R epeat the cu rren t s tudy  after several years have elapsed to docum ent the ex ten t and 
direction of g row th in netw ork use in  the aerospace industry: H ow  quickly w ill In ternet 
access an d  u se  sp read  am ong  sm all o rgan izations? W ill hom e-based  access to 
organizational netw orks become m ore w idespread? To w hat extent will u se  by certain 
types of aerospace engineers increase? In w hat w ays will netw orks im pacts increase 
and  evolve?

• A host of specific questions arose in this study that can only be adequately  addressed  by 
fu rther research. These include:

Those engineers w ho use netw orks were about equally likely to use any  an d  all 
available types of netw orks, from  local to global. Is this because all netw ork 
types are equally useful? O r because getting  over the initial learn ing  curve is
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the hardest part of network use?

G aps exist betw een the availability and  use of particu lar app lications (e.g., 
netw ork  retrieval of docum ent citations and abstracts). Is th is due  to  a lack of 
need, training, or sufficient technical capabilities?

W hy are full-text resources used in  one 's  w ork not accessed over the network, 
even w hen netw ork access is available?

W hy do  those w ith  netw ork access to certain  resources used  in their w ork 
consider the value of network access to those resources to be great, w hile users of 
the same resources who lack network access to them  do not? Conversely, w hy do 
those w ithout netw ork access to certain resources consider the value of netw ork 
access to  be great, while those w ith netw ork  access to the sam e resources 
consider the value of network access to be slight?

W hat m akes in ternal netw ork com m unication  m ore com m on: ub iqu ity  of 
internal connections, standardization  of in-house system s, the relative lack of 
"cross-cultural" problem s in  internal com m unication, or, sim ply, the greater 
need for internal communication am ong engineers?

W hy are com puter bulletin boards no t m ore w idely u sed  and  valued? This 
application seems intrinsically useful for engineering w ork, given its utility for 
tapp ing  the expertise of unknow n colleagues, preventing duplication  of effort, 
and speeding up  the process of finding answ ers to specific technical questions.

W hy d id  netw ork use in tasks perform ed by ind ividuals located in  d ifferent 
countries outstripped use by task groups dispersed w ithin the United States?

This study  has collected extensive cross-organizational, em pirical data  on the use of 

com puter netw orks in the aerospace industry . In do ing  so, it has filled a g ap  in  existing 

know ledge. V irtually all other studies of netw ork use have been lim ited to a small num ber of 

o rganizations, u se rs o f a particu lar job type, or users of a particu lar system  o r netw ork 

application. And few in-depth  studies of engineering w ork and in form ation  transfer have 

described the role of curren t com puting and com m unications technology w ith in  th a t context. 

The da ta  collected in this research aids in expanding o u r curren t know ledge of the  nature 

engineering work and com munication, network use by engineers, and how  these are related. As 

we m ove tow ard the creation of a global inform ation infrastructure, inform ation abou t the 

current extent of netw ork use, factors inhibiting and prom oting network use, and the im pacts of 

netw ork use provide basic guideposts that can be used by workplace m anagers, system designers,
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an d  policy m akers to inform  the developm ent of m ore effective netw orking system s, services, 

an d  policies. By placing th is study in  the context of other research in this area—and following 

it u p  w ith  add itiona l investigation—w e can form ulate a m ore com plete p ic ture of the cu rren t 

ro le of com puter netw orks in  engineering w ork and com m unication. This inform ed pic ture can 

h e lp  us consider strateg ies for bo th  facilitating effective use an d  m in im iz ing  som e of the 

negative im plications of netw orking for individuals and  organizations.
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APPENDIX A: 

INSTRUMENTS USED IN PRIMARY SITE VISITS/INTERVIEWS

U * e  o f  C o m p u t e r  N e t w o r k s  I n  A e r o s p a c e  E n g i n e e r i n g  S u b j e c t  I D  »

I n t e r v i e w  Q u e s t i o n n a i r e  ( 1 0 )

1. Please complete the chart below (by checking the appropriate boxes) to Indicate 
the type of computer networks you have access to and use.

T Y P E  O F  N E T W O R K

A r e  y o u  C O N N E C T E D ? O b  y o u  U S E ? L O C A T I O N S )  o f  u s e ?

Y e t N o N o t

S i r a

Y e a N o N o t

Sat
W o r k H o m e O t h e r

L o c a l  n e t w o r k ;  c o n n e c t s  c o m p u t e r s  

w i t h i n  a n d  a m o n g  b u i l d i n g s  a t  

y o u r  w o r k p l a c e

O r g a n i z a t i o n - w i d e  n e t w o r k :  

c o n n e c t s  d i f f e r e n t  l o c a t i o n s  

b e l o n g i n g  t o  o n e  o r g a n i z a t i o n

C o o p e r a t i v e  n e t w o r k ;  c o n n e c t s  

p e o p l e  i n  e  r a n g e  o f  d i f f e r e n t  

o r g a n i z a t i o n s  ( e . g . ,  E T T N H ,  

I n t e r n e t )

P u b l i c  c o m m e r c i a l  n e t w o r k :  

c o n n e c t s  a l l  c u s t o m e r s  ( e . g . ,  

C o m p u S e r v e ,  T y m n e t )

2. Please complete the chart below (by checking the appropriate boxes) to indicate the frequency 
with which you use various network applications, and their value to your work.

N E T W O R K  A P P U C A T I O N S

A V A I L A B L E ? H o w  f r e q u e n t l y  d o  y o u  U S E ? I F  u s e d ,  V A L U E  t o  w o r k !

Y e s N o N o t

S u r a

D a i l y W e e k l y M o .  o r  

l e s t

N e v e r G n a t S o m e S l i g h t s l o n e

• E m a i l  f o n e  t o - o n e '  m e s s a g e s )
' v

• E l e c t r o n i c  c o n f e r e n c e s ,  b u l l e t i n  

b o a r d s ,  e t c .  C o t w - t u - m a n y " )

• E l e c t r o n i c  j o u r n a l s  o r  n e w s l e t t e r s

• F i l e  t r a n s f e r  •  d o c u m e n t s

• F 3 e  t r a n s f e r  -  d e ^ g i ^ d r a w i n g s ,

• F i l e  t r a n s f e r  -  d a t a

• R e m o t e  l o g - i n  t o  c o m p u t e r s  f o r  

c o m p u t a t i G i i ,  d e s i g n ,  e t c .

• R e m o t e  c o n t r o l  o f  e q u i p m e n t

• I n f o r m a t i o n  o r  d a t a  r e t r i e v a l

A r e  t h e r e  a n y  o t h e r  n e t w o r k  a p p l i c a t i o n s  t h a t  y o u  u s e ?  ( P I e a s e  s p e c i f y ) :
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Fleaie supply the following background Information about younelf and your work:

3 )  C u r r e n t  p o s i t i o n  o r  j o b  t i t l e :  __________ __________ ____________________________________________________________________________________

4 )  E m p l o y e d  b y  ( n a m e  o f  o r g a n i z a t i o n ) :     ____

5 )  W h i c h  j o b  c a t e g o r y  b e s t  r e p r e s e n t s  y o u r  p r i m a r y  W o r k  a c t i v i t y ?  ( C i r c l e  n u m b e r  f o r  r e s p o n s e )

1  E n g i n e e r  2  M a n a g e r  3  S c i e n t i s t  4  T e c h n i c i a n  ‘

5  O t h e r  ( p l e a s e  s p e c i f y ) :  __________________________________________________________________

s ;  W h i c h  o f  t h e  f o l l o w i n g  b e s t  d e s c r i b e s  t h e  t y p e  o f  o r g a n i z a t i o n  w h e r e  y o u  w r i t ?

1  i n d u s t r i a l / b u s u x a s  2  G o v e r n m e n t  . 3  A c a d e m i c  4  N o t - f o r - p r o h t  

S  O t h e r  ( p l e c s e  s p e c i f y ) :  _________________________________________________________________

7 )  i f  y o u  w o r k  i n  b u s i n e s s  o r  i n d u s t r y ,  w h a t  w o u l d  y o u  e s t i m a t e  a s  t h e  n u m b e r  o f

e m p l o y e e s  i n  y o u r  c o m p a n y ? ____________  ( Y o u r  j o b  s i t e )  _______________ ( T o t a l  I n  c o m p a n y )

f t )  T o  w h i c h  a r e a  o f  a e r o s p a c e  e n g i n e e r i n g  d o e s  y o u r  w o r k  b e l o n g ?

1  A e r o d y n a m i c s  2  S t r u c t u r e s  3  P r o p u l s i o n  4  F l i g h t  d y n a n j e s  a n d  c o n t r o l  

S  A v i o n i c s  6 M a t e r i a l s / P r o c e s s e s  7 O t h e r _________________________________

9 )  W h a t  i s  t h e  p r i m a r y  a e r o s p a c e  p r o d u c t  o r  p r o c e s s  t o  w h i c h  y o u r  w o r k  I s  d e v o t e d ?

Y '  » . 3 t  ir
1 0 )  D o e s  t h i s  p r o d u c t  o r  p r o c e s s  I n c l u d e ,  a s  a  p r i m a r y  f e a t u r e ,  t h e  d e v e l o p m e n t  o r  a n a l y s i s  o f  c o m p u t e r  s y s t e m s  

s o f t w a r e ,  o r  d a t a ?  1  Y e s  2  N o

1 1 )  A p p r o x i m a t e l y  w h a t  p e r c e n t a g e  o f  y o u r  w o r k d a y  i s  s p e n t  a t  a  c o m p u t e r  o r  t e r m i n a l ?  _______ %

1 2 )  H o w  w o u l d  y o u  d e s o i b e  y o u r s e l f  a s  a  N E T W O R K  U S E R ?  1  E x p e r t  2  I n t e r m e d i a t e  3  N o v i c e  4  D o n ' t  u s e

1 3 )  W h i c h  b e s t  d e s c r i b e s  t h e  w o r k  o f  t h e  o r g a n i z a t i o n a l  u n i t  i n  w h i c h  y o u ' r e  e m p l o y e d ?

'  • , - ;  C y  i t  v  ■

1  B a s i c  R e s e a r c h  ( W o r k  o f  a  g e n e r a l  n a t u r e  i n t e n d e d  t o  a p p l y  t o  a  b r o a d  r a n g e  o f  a p p l i c a t i o n s  o r  t o  t h e

d e v e l o p m e n t  o f  n e w  k n o w l e d g e  a b o u t  a n  a r e a )

2  A p p l i e d  R e s e a r c h  ( R e s e a r c h  d i r e c t e d  t o w a r d  d e t e r m i n i n g  t h e  m e a n s  b y  w h i c h  a  s p e c i f i c  n e e d  m a y  b s  m e t ;

t h e  c r e a t i o n  o f  n e w  c o n c e p t s  o r  t e c h n o l o g i e s ,  b u t  n o t  d e v e l o p m e n t  f o r  o p e r a t i o n a l  u s  e )

3  D e v e l o p m e n t  ( T h e  a p p l i c a t i o n  o f  k n o w n  f a c t s  a n d  t h e o r y  t o  t h e  s t u d y ,  d e s i g n ,  a n d  t e s t i n g  o f  d i s t i n c t l y

n e w  p r o d u c t s  o r  p r o c e s s e s )

4  E n g i n e e r i n g  ( C o s t / p e r f o r m a n a e  i n p r o v e m e n t  t o  e x i s t i n g  p r o d u c t s  o r  p r o c e s s e s ;  r e c o m b i n a t i o n ,

m o d i f i c a t i o n  a n d  t e s t i n g  o f  s y s t e m s  u s i n g  e x i s t i n g  I m o v d e d g e )

5  M a n u f a c t u r i n g / P r o d u c t i o n

6  S e r v i c e / M a i n t e n a n c e

7  S a l e s / M a r k e t i n g

8  I n f o r m a t i o n  P r o c e s s i n g  o r  P r o g r a m m i n g

9 O t h e r  ( p l e a s e  s p e d f y ) :   _______________________________________________________________________________________

T H A N K Y O U !
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Job Tasks and Activities Worksheet Subject ID 9

Who do you 
com m unicate w ith?

WORK TASKS
What tools, devices and 
Info so u rces do you use?

c 1

J

J

d J

c a

v J

c

------

J CUD
J

« v

J
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M e s s a g e  A n a l y s i s  W o r k s h e e t  £  \  ~
g C o m m u n i c a t i o n  t y p e  1  T e c h n i c a l  2  A d m i n i s t r a t i v e  3  S o c i a l  4  O t h e r __________

W h a t  c o m m u n i c a t i o n  c h a n n e l  w a s  u s e d ?

M e s s a g e  T y p e  1  C M C  l a - e m a l l  l b - b b  l c - j o u r n a l  l i i - f i >

2  P h o n e  2 a - p h o n e  2 b - v o i c e m a i l

3  F I T  3 a - I n f o r m a l / o n e  3 b - I n f o r m a l / m a n y  3 c  -  F o r m a l / o n e  3 d - F o r m a l / m a n y

4  W r i t t e n  4 a - m e m o  4 b - l e t a r  4 c - d o c u m e n t  4 d - t a x

  5 a  S u b j e c t  I n i t i a t e d  m e s s a g e  ( a f t e r  6 ,  g o  t o  7 a )

r -  5 b  S u b j e c t  r e c e i v e d  m e s s a g e  ( a f t e r  6 ,  g o  t o  7 b )

W h a t  d i d  y o u  c o m m u n i c a t e  a b o u t ?

6  M e s s a g e  s u b s t a n c e  o r  c o n t e n t  ( d a t a ,  t h e o r y ,  s c h e d u l e ) :

•  7 a  T a s k  o r  p r o b l e m  t h a t  m e s s a g e  a r o s e  f r o m :

> 7 b  T a s k  o r  p r o b l e m  t h a t  m e s s a g e  c o n t r i b u t e d  t o :

8  M e s s a g e  u t i l i t y  ( H o w  d i d  i t  h e l p / a f f e c t  y o u ?  W h a t  d i d  y o u  d o  n e x t ? ) :

W h o  d i d  y o u  c o m m u n i c a t e  w i t h ?

9  R e l a t i o n s h i p  o f  p a r t n e r ! * )  t o  s u b j e c t  ( m a n a g e r ,  c u s t o m e r ,  c o l l e a g u e ) :

1 0  O r g a n i z a t i o n a l  l o c a t i o n  ( s ) : ________________________________________________________________________________________________

1 0 s  S a m e  l a b / d e p t  1 0 b  S a m e  d i v i s i o n  1 0 c  S a m e  o r g  l O d  O u t s i d e  o r g

1 1  S p a t i a l  l o c a t i o n  ( s ) : _____________________________________________________________________________________________________

1 1 a  W i t h i n  1 0 0 y d s  * ' H  I n  b u i l d i n g  1 1 c  S a m e  s i t e  l i d  I n  t o w n  l l e O u t o f t o w n

1 2  H o w  w e l l  k n o w n ?

1 2 a  N o t  a t  a l l  1 2 b  S l i g h t l y  1 2 c  S o m e w h a t  1 2 d  F a i r l y  w e l l  1 2 e  E x t r e m e l y  w e l l

1 3  W h y  w a s  t h a t  c o m m u n i c a t i o n  c h a n n e l  c h o s e n  i n  t h a t  s i t u a t i o n ?  W h a t  w a s  t h e r e  a b o u t  t h e  i n f o  

c o n v e y e d  o r  t h e  p a r t n e r  t h a t  l e d  t o  t h e  c h o i c e  o f  t h a t  c h a n n e l ?
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S u b j e c t  I D  f  _ _ _
O p e n - e n d e d  I n t e r v i e w  Q u e s t i o n *

l i )  H o w  w o u l d  y o u  d e s c r i b e  t h e  e f f e c t s  t h e !  o o m p u t e r  n e t w o r k s  e r e  h a v i n g  o n  y o u r  w o r k ,  b o t h  p o s t i  v e  a n d  

n e g a t i v e ?

l b )  H o w  w o u l d  y o u  d e s c r i b e  t h e  e f f e c t s  t h a t  c o m p u t e r  n e t w o r k s  a r e  h a v i n g  o n  t h e  w a y  y o u  c o m m u n i c a t e ?

2 )  W h a t  f a c t o r s  d o  y o u  t h i n k  a f f e c t  y o u r  u s e  o f  n e t w o r k s ?

2 a )  W h a t  i s  t h e r e  a b o u t  y o u ,  y o u r  w o r k ,  o r  y o u r  o r g a n i z a t i o n  t h a t  l e a d s  y o u  t o  

u s e  n e t w o r k s ?

2 b )  W h a t  i s  t h e r e  a b o u t  y o u ,  y o u r  w o r k ,  o r  o r g a n i z a t i o n  t h a t  l i m i t s  y o u r  u s e  o f  

n e t w o r k s :

3 )  A r e  t h e r e  a n y  o t h e r  c o m m e n t s  a b o u t  n e t w o r k s  o r  t h i s  s t u d y  t h a t  y o u  w o u l d  l i k e  t o  m a k e ?

I s  t h e r e  a n y t h i n g  y o u  f e e l  i s  i m p o r t a n t  t o  m y  u n d e r s t a n d i n g  o f  t h e  i m p a c t  o f  c o m p u t e r  n e t w o r k s  o n  

a e r o s p a c e  e n g i n e e r i n g  w o r k  a n d  c o m m u n i c a t i o n  t h a t  h a s n ' t  c o m e  u p  y e t ?
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APPENDIX B:

PRETEST QUESTIONNAIRE FOR THE MAIL SURVEY

SURVEY ON THE ROLE OF COMPUTER NETWORKS 
IN AEROSPACE WORK AND COMMUNICATION

W* are conducting this survey to team more about the Impact of computer networks on people in the 
aerospace industry. Your opinions and experiences are important, even if you do not use computer 
networks. Results of this survey will provide network developers and policy makers with information 
about networking needs, uses, and impacts from the point of view of a wide range of individuals. So 
please answer each question as completely as possible.

Computer networks are telecommunications links that allow you to utilize a computer to communicate 
with other computer users, use remote computers or computerized devices, or access remote 
information. In the context ot this survey, COMPUTER NETWORKING DOES NOT INCLUDE FAX .

1. Overall, how would you describe your current reaction to computer networks? (Circle best response)

1 They have revolutionized aerospace work.
2 They are very useful in many respects.
3 They have certain worthwhile uses.
4 I am neutral or indifferent
5 I have reservations about their value.
6 They have Limited value and can cause serious problems.
7 They are worthless and should not be implemented.

2a. Do you use computers in your work? (Circle best response)

i _  1 Yes 
I 2 No

L. > 2b. If yes, approximately what percent of your typical work week is spent using computes?

3a. Do you use computer networks in your work? (Circle best response)

—■ 1 Yes, I personally use computer networks
->• 2 Yes, I use computer networks through an intermediary, e.g., secretary, librarian 

3 No

- i p  3b. If yes, approximately what percent of your typical work week is spent using computer 
networks? ____
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f  COMPUTER NETWORK AVAILABILITY AND USE
t

W e ' d  l i k e  t o  g e t  a  c l e a r e r  p i c t u r e  o f  t h e  c u r r e n t  a v a i l a b i l i t y  a n d  u s e  o f  s p e c i f i c  t y p e s  o f  c o m p u t e r  n e t w o r k s  

I n  a e r o s p a c e .

4  P l e a s e  c o m o l e t e  t h e  c h a r t  b y  p l a c i n g  c h e c k  m a r k s  I n  t h e  a p p r o p r i a t e  c e l l s  t o  d e s c r i b e  Y O U R  a c c e s s  t o  

a n d  u s e  o f  s p e c i f i c  t y p e s  o f  c o m p u t e r  n e t w o r k s .

I f  v o n  d o n ' t  V * *  n e t w o r k s ,  p l e a s e  c o m p l e t e  t h e  f i r s t  t w o  c o l u m n s .

i f  uni, rfn UM» n e t w o r k s ,  p l e a s e  c o m p l e t e  a l l  t h r e e  c o l u m n s .

Verv often people cannot say for sure what hinds of computer netmrks they are connected to or may be 
using. That"* fine; please place a check mark in the ’Not Sure’ columns, if this is the most appropriate 
response for you.

S .  AVAILABILITY 
AND USE

TYPE OF
NETWORK \

I s  a  c o m p u t e r  

c o n n e c t e d  t o  

s u c h  a  n e t w o r k  

A V A I L A B L E  

f o r  y o u r  u s e ?

1 Chock only ono)

D o y o u  

U S E  t h i s  t y p e  

o f  n e t w o r k ?

(Chock only ono)

I f  u s e d ,  

L O C A T I O N S  

o f  y o u r  u s e  

o f  t h a t  n e t w o r k ?

'Chock AUL that apply)

Y e s N o

N o t

S u r e Y e s N o

N o t

S u r e W o r k H o m e O t h e r

L O C A L

C o n n e c t s  y o u  t o  p e o p l e ,  t o o l s ,  o r  

i n f o r m a t i o n  w i t h i n  O N E  B U I L D I N G  

A T  Y O U R  W O R K P L A C E

O R G A N I Z A T I O N A L  

C o n n e c t s  y o u  B E Y O N D  O N E  

W O R K P L A C E  B U I L D I N G  t o  p e o p l e ,  

t o o l s ,  o r  i n f o r m a t i o n  W I T H I N  

Y O U R  O W N  O R G A N I Z A T I O N

E X T E R N A L / R E S E A R C H :

P r o v i d e s  a  v a r i e t y  o f  s e r v i c e s .  

C o n n e c t s  y o u  t o  p e o p l e ,  t o o l s ,  o r  

i n f o r m a t i o n  O U T S I D E  Y O U R  O W N  

O R G A N I Z A T I O N  a n d  i s  

I N T E N D E D  F O R  R E S E A R C H  A N D  

E D U C A T I O N A L  U S E  

( e . g . ,  I n t e r n e t ,  B I T N E T ,

N S F N e t )

E X T E R N A L / C O M M E R C I A L

P r o v i d e s  a  v a r i e t y  o f  s e r v i c e s .  

C o n n e c t s  y o u  t o  p e o p l e ,  t o o l s ,  o r  

i n f o r m a t i o n  O U T S I D E  Y O U R  O W N  

O R G A N I Z A T I O N  a n d  i s  

O P E N  F O R  U S E  B Y  T H E  

G E N E R A L  P U B L I C  

( e . g . ,  P r o d i g y ,  B I X ,  C o m p u S e r v e ,  

G E n l e )

E X T E R N A L / D I R E C T  

A  D I A L - U P  O R  L E A S E D  L I N E  

c o n n e c t i o n  t o  s p e c i f i c  r e m o t e  s i t e s  

o r  s e r v i c e s  O U T S I D E  Y O U R  O W N  

O R G A N I Z A T I O N  t h r o u g h  r e g u l a r  

t e l e p h o n e  l i n e s
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W O R K  R E S O U R C E S  I N  A E R O S P A C E

We’d Hie to know more about the wide variety of resources you use In your work and the extent to 
which these resources are accessible over computer networks.

5. Please complete the entire chart below, even If you don't use networks. Place a check marks in the 
appropriate cells to describe YOUR access to, use of, and assessment of specific types of work resources 
via computer networks.

For anv resource cnm ntlv  accessible to you via computer network, describe your assessment of the 
VALUE OF NETWORK ACCESS to each resource, based on your experience.

Eqt_«PY.resource not currently accessible to vou via computer network, describe your assessment of the 
POTENTIAL VALUE OF NETWORK ACCESS to each resource, based on your opinion.

STOPI Information resources (e.g., journal articles, internal technical data) should NO T be considered 
network accessible unless the full text or content of the information-es opposed to just the bibliographic 
citation or database listing—can be viewed over the network.

\  A C C E S S I B I L I T Y  

X .  A N D  U S E

W O R K  \  

R E S O U R C E S

A n  a n y  r e s o u r c e s  

o f  t h i s  t y p e  

A C C E S S I B L E  t o  

y o u  v i a  a  n e t w o r k  

a t  y o u r  w o r k p l a c e !

( C h e c *  or*/ o n e ;

W h e n  u s i n g  t h i s  r e s o u r c e  a t  

y o u r  w o r k p l a c e ,  h o w  O F T E N  

d o  y o u  a c c e s s  It  v i a  a  n e t w o r k ?

{ C h e d t  o d ?  o n e )

V A L U E  o f  n e t w o r k  a c c e s s ?  

( A C T U A L  v a l u e  I f  

a c c e s s i b l e ;  o t h e r w i s e  

P O T E N T I A L  v a l u e )  

(Check only one)

Y e s N o

N o t

S u n U s u a l l y

S o m e ­

t im e s R a r e l y N e v e r C r e s t S o m e S l i g h t N o n e

P e o p l e  In  y o u r  w o r k g r o u p  o r  d e p t

O t h e r  p e o p l e  In y o u r  o r g a n l a t l o n

C o l l e a g u e s  I n  e c e d e m b ,  g o v e r n m e n t

C o l l e a g u e s  t n  t h e  p r i v a t e  s e c t o r

E x t e r n a l  c l i e n t s ,  c u s t o m e r s

E x t e r n a l  v e n d o r s ,  s u p p l i e r s

I n t e r n a l  a d m i n i s t r a t i v e  d a t a

I n t e r n a l  t a c h n l a d  d a t a

I n t e r n a l  o p e r a t i o n a l  d a t a

J o u r n a l ,  t r a d e  m a g a z i n e  a r t i c l e s

M a n u a l s ,  d o c u m e n t a t i o n

I n t e r n a l  t e c h n i c a l  r e p o r t s

E x t e r n a l  t e c h n i c a l  r e p o r t *

C o d e s  at s t a n d a r d s  a n d  p r a c t i c a l

P r o d u c t ,  m a t e r i a l s  c h a r a c t e r i s t i c s

T e c h n i c a l  s p e c i f i c a t i o n s

D e s i g n  c h a n g e  f o r m a

L a w s ,  r e g u l a t i o n s

P a t e n t s

C o m p a n y  n e w s l e t t e r s ,  b u l l e t i n s

M a n u f a c t u r e r s '  o r  s u p p l i e r *  c a t a l o g s

M e m o r a n d a

L a b  n o t e b o o k *

D r s  w r in g s . D e s i g n s

M o d e l s

C o m p u t e r  a x l e ,  p r o g r a m *

S c i e n t i f i c  i n s t r u m e n t s

T e s t  e q u i p m e n t
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NETWORK APPLICATIONS IN AEROSPACE
I

We're trying to gain a fuller picture of the extent to which different network applications are used by 
people In aerospace and which are considered most valuable.

6. Please complete the entire chart below, even If you don't use networks. Place check marks In the 
appropriate cells to describe your access to, use of, and assessment of specific types of computer 
network applications.

For anv network application CURRENTLY AVAILABLE to vou. describe your assessment of Its 
VALUE, based on your experience.

For anv network application NOT CURRENTLY AVAILABLE to vou. describe your assessment of its 
POTENTIAL VALUE, based on your opinion.

V  A V A I L A B I L I T Y  

\  A N D  U S E

I s  t h e  a p p l i c a t i o n  

A V A I L A B L E  

f o r  y o u r  u s e  

a t  y o u r  w o r k p l a c e ?

(Check only one)

H o W  F R E Q U E N T L Y  

d o  y o u  u s e  i t ?

(Check only one)

V A L U E  t o  w o r k ?

( A C T U A L  v a l u e  

i f  u s e d ;  o t h e r w i s e  

P O T E N T I A L  v a l u e )

(Check only one)
N E T W O R K  \  

A P P L I C A T I O N S  \

Y e s N o

N o t

S u r e D u l y W e e k l y

M o n t h l y  

o r  L e s s N e v e r G r e a t S o m e S l i g h t N o n e

E l e c t r o n i c  m a i l

E l e c t r o n i c  b u l l e t i n  b o a r d s ,  

n e w s g r o u p s ,  m a i l i n g  U s t s ,  

o r  c o n f e r e n c i n g  s y s t e m s

V i d e o c o n f e r e n c i n g

E l e c t r o n i c  j o u r n a l s  o r  

n e w s l e t t e r s

E l e c t r o n i c  d a t a  i n t e r c h a n g s  

C E E ®

R u n n i n g  a  p r o g r a m  o n  a  

r e m o t e  c o m p u t e r  ( e . g . ,  

C A D / C A M ,  s p r e a d s h e e t ,  

w o r d p r o c e s s i n g ,  m o d e l i n g

R e m o t e  c o l l e c t i o n  o f  

e x p e r i m e n t a l  o r  l e s t  d a t a

C o m p u t e r - i n t e g r a t e d  

m a n u f a c t u r i n g  ( C 3 M )

O n l i n e  b i b l i o g r a p h i c  

s e a r c h i n g

A c c e s s i n g  r e m o t e  

d a t a b a s e s  o r  f i l e s

S e a r c h i n g  l i b r a r y  c a t a l o g s

T r a n s f e r r i n g  d a t a  

b e t w e e n  c o m p u t e r s

A c c e s s i n g  o r  t r a n s f e r r i n g  

i m a g e s

O t h e r
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r
AEROSPACE TASKS AND ACTIVITIES

People working In aerospace have told us that they perform a wide variety of Important tasks and 
activities. We'd like to understand more about how you performed some particular task that was 
important to your work.

7. From the list presented below, please circle the num ber of the most Important w ork task YOU 
performed during your last workday;

1 Come up  with new ideas, approaches 12
2 Keep up  with new developments 13
3 Develop theories, concepts 14
4 Formulate requirem ents 15
5 Find out how to carry out a particular task 16
6 Design experimental methods, procedures 17
7 Conduct experiment 18
8 Run test of materials, products, processes 19
9 Perform mathematical analysis 20
10 Interpret results of tests, analyses 21
11 Produce drawings, designs, specs 22

Design manufacturing, test procedures 
Identify parts and materials 
Produce prototypes or products 
Assure conformance w /  requirements 
Troubleshooting, maintenance 
Coordinate work 
Solve technical problem 
Resolve non-technical issue 
Negotiate with others 
Write proposal, report, etc 
O th e r____________________________

8. Approximately how many people were directly involved in performing this task with you? (Please 
supply number from 0 up) ___

9. What was the geographic span involved in performing the task, in relation to your primary work 
location? (Circle number of best response below)

1 Same office/lab
2 Same building
3 Same worksite
4 Same town
5 Same country
6 Other country

10. What was the organizational span involved in performing the task, in relation to your primary 
work location? (Circle number of best response below)

1 Same workgroup
2 Same department
3 Same division
4 Same organization 
6 Other organization

11. In performing this task, did you come into contact with any useful people, information, or tools 
not previously known to you? (Circle number of response)

1 Yes
2 No
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f  12. What were the two most Important mechanisms you used In performing this task?

On the lines provided, please write one T ,"  to Indicate the prim ary mechanism » »
*S," to Indicate the secondary mechanism you used. * tn ^  on*

  Face-to-face Interaction with other personfc)
  Using printed material in own office or other location ^
  Own direct examination, testing of physical objects, devices, processes [Dj
  Use of computer network to contact people
  Use of computer network to access information or data
  Use of computer network to operate a computer or other device JNC]
  Use of a non-networked computer (q
  Telephone [II
  Mall [M]
—  F«* IF]
  Other (please describe):______________________________________  fO]

13. What was your main reason for choosing the PRIMARY mechanism used? (Circle best response)

1 Preferred mechanism not available ( S u p p l y  c o d e ,  f r o m  p r e v i o u *  q u e s t i o n ,  f o r  p r e f e n e d

m e c h a n i s m ,  e.g., p r i n t e d  m a t e r i a l »  P : ________)

2 Tradition demanded it
3 It was quickest
4 It required the least effort
5 It was cheapest
6 It was the most reliable
7 It allowed the greatest accuracy of Information flow
8 It allowed for the most complete information flow
9 Other (please describe):_______________________________________________________

NATURE OF YOUR WORK AND WORK ENVIRONMENT

We'd like to learn more about your work environment in order to explore work-related factors that 
may be associated with network use.

14. How would you describe yourself? (Circle best response):

1 Engineer
2 Manager
3 Scientist
4 Technician
5 Businessperson
6 Teacher/trainer
7 O th e r___________________________________________

15. In which branch of aerospace do you work? (Circle best response)

1 Aerodynamics 5 Avionics
2 Structures 6 Materials and processes
3 Propulsion 7 Other.______________
4 Flight dynamics and control
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f
The chart below explores other factors associated with your work and netwbrking environm ent

16. Please complete the chart by pladng a check mark in the appropriate column to Indicate the extent to 
which YOU agree or disagree with each of the statements listed.

S T A T E M E N T S  C O N C E R N I N G  W O R K  

A N D  N E T W O R K I N G  E N V I R O N M E N T

E X T E N T  T O  W H I C H  

Y O U  A G R E E ?  

(Check only one)

N
o

t 
a

p
p

li
c

a
b

le
/ 

D
o

n
't

 
k

n
o

w

•>

1
1 D

is
a

g
r

e
e

s
o

m
e

w
h

a
t

N
e

it
h

e
r

 
a

g
r

e
e

 

n
o

r 
d

is
a

g
r

e
e

A
g

r
e

e

s
o

m
e

w
h

a
t

K
aS »1
•

I
<

T h e  r e s u l t s  o f  m y  w o r t  a r e  i n t e g r a t e d  w i t h  t h e  w o r k  o f  o t h e r s

I  s p e n d  m y  d a y  w o r k i n g  i n d e p e n d e n t l y

T h e  p e o p l e  I  n e e d  t o  c o m m u n i c a t e  w i t h  a r e  a l l  i n  m y  b u i l d i n g

I  r e q u i r e  a  d i v e r s e  r a n g e  o f  i n f o r m a t i o n  f r o m  a  w i d e  v a r i e t y  o f  s o u r c e s

T i m e  p r e s s u r e s  a r e  t r e m e n d o u s  i n  m y  w o r k

T h e  c o n s t r a i n t s  a f f e c t i n g  m y  w o r k  c h a n g e  c o n s t a n t l y

M y  w o r k  d i s c u s s i o n s  r e q u i r e  h a v i n g  d o c u m e n t s ,  d e v i c e s ,  d r a w i n g s  

a l l  a t  h a n d  a t  t h e  s a m e  t i m e

M y  w o r k  i s  d a s s i f i e d

R e s u l t s  o f  m y  w o r k  a r e  p r o p r i e t a r y

R e s u l t s  o f  m y  w o r k  a r e  s t o r e d  i n  e l e c t r o n i c  f o r m

M y  w o r k  i n v o l v e s  e x a m i n i n g  p h y s i c a l  e q u i p m e n t ,  i n s t r u m e n t s ,  

m a t e r i a l s ,  p r o c e s s e s

I  s t a r t e d  m y  p r o f e s s i o n a l  e d u c a t i o n / c a r e e r  w i t h o u t  n e t w o r k s

I  l i k e  t o  t e a m  n e w  c o m p u t e r  t h i n g s  j u s t  f o r  t h e  f u n  o f  i t

N e t w o r k i n g  r e q u i r e s  t o o  m u c h  e f f o r t  t o  l e a r n  a n d  k e e p  u p  w i t h

N e t w o r k i n g  h e l p  c o m e s  m o s t l y  f r o m  f o r m a l  t r a i n i n g  o r  s u p p o r t  p r o g r a m s

N e t w o r k  t r a n s m i s s i o n  i s  u n r e l i a b l e

N e t w o r k  a p p l i c a t i o n s  c u r r e n t l y  a v a i l a b l e  a r e  r e l e v a n t  t o  m y  w o r k

A l l  t h e  p e o p l e ,  t o o l s ,  r e s o u r c e s  I  n e e d  a r e  o n  t h e  n e t w o r k

N e t w o r k  I m p l e m e n t a t i o n  n o t  s e a m l e s s ;  s t i l l  l o t s  o f  i s l a n d s

N e t w o r k  I m p l e m e n t a t i o n  a n d  u s e  i s  n o t  c o s t - e f f e c t i v e

N e t w o r k  u s e  i s  a c t i v e l y  e n c o u r a g e d ,  r e w a r d e d  b y  o r g a n i z a t i o n

L a c k  o f  e x p e r i e n c e  w i t h  n e t w o r k i n g  m a k e s  i t  h a r d  t o  p r e d i c t  c o s t s ,  e f f e c t s

W e  c a n ' t  I n t r o d u c e  n e t w o r k i n g  w i t h o u t  r e - w r i t i n g  o u r  p r o c e d u r e s

A  n e t w o r k e d  c o m p u t e r  i s  e a s i l y  a c c e s s i b l e  t o  m e

C u s t o m e r s ,  d i e n t s  a r e  d e m a n d i n g  t h a t  w e  u s e  n e t w o r k s
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IMPACT OF NETWORK USE

In Interviews that we conducted earlier, people involved In the aerospace Industry suggested a wide 
variety of impacts that result from network use.

17. For each of the suggested impacts listed below, please Indicate the extent to which YOU believe that 
each stated Impact occurs. Then place a check mark in ONE of the final columns for any impact that 
you believe clearly represents either a critical benefit or a critical problem in aerospace work.

If vou use networks, base your assessment on your own personal experiences with computer networking.

If vou don't use networks, base your assessment on your own personal opinions and expectations 
regarding computer networks.

U S E  O F  C O M P U T E R  N E T W O R K S :

E X T E N T  T O  W H I C H  

I M P A C T  O C C U R S ?  

(Chock only ono)

I S  I M P A C T  

C R I T I C A L ?  

tChock K yoo)

D
o

n
't

 
k

n
o

w

am
«
o

Z S
li

g
h

tl
y

*5

S
1
s

1
I
<

a i
3 i C

r
it

ic
a

l 

I p
r

o
b

le
m

?

A l l o w s  i d e a s ,  p r o b l e m s  t o  b e  e x p r e s s e d  a t  p o i n t  o f  n e e d

I n c r e a s e s  t h e  a m o u n t  o f  i n f o r m a t i o n  a v a i l a b l e

R e d u c e s  n e e d  f o r  f a c e - t o - f a c e  I n t e r a c t i o n

C r e a t e s  n e w  i n f o r m a t i o n  b y  l i n k i n g  d i f f e r e n t  s y s t e m s

R e d u c e s  c o m m u n i c a t i o n  w i t h  p e o p l e  n o t  o n  t h e  n e t w o r k

P r o v i d e s  i n t e g r a t e d  v i e w  o f  e n t i r e  o r g a n i z a t i o n

I n c r e a s e s  a b i l i t y  t o  r e a c t  q u i c k l y  t o  c h a n g e

E n h a n c e s  a b i l i t y  t o  f u n c t i o n  a s  a  u n i t ,  c o o r d i n a t e  w o r k

R e d u c e s  t h e  n u m b e r  o f  c h a n g e s  r e q u i r e d  i n  f i n a l  p r o d u c t s

E x t e n d s  u s e  o f  e x p e n s i v e  c o m p u t e r s  a n d  c o m p u t e r i z e d  d e v i c e s

I n c r e a s e s  a b i l i t y  t o  c o m p l e t e  p r o j e c t s  w i t h i n  b u d g e t

D e c r e a s e s  t u r n a r o u n d  t i m e  o n  s o l v i n g  p r o b l e m s

S h o r t e n s  p r o d u c t  d e v e l o p m e n t  t i m e

R e d u c e s  l o t s  o f  p a s t  k n o w l e d g e ;  p r e v e n t s  d u p l i c a t i o n  o f  e f f o r t

I r e r e a s e s  e f f i c i e n c y  o f  c o n t a c t i n g  p e o p l e

G i v e s  I n d i v i d u a l s  g r e a t e r  c o n t r o l  o v e r  h o w ,  w h e n  t h i n g s  d o n e

I n c r e a s e s  t e n s e  o f  o w n e r s h i p ,  c o m m i t m e n t ,  t e a m  s p i r i t

I n c r e a s e s  p e r f o r m a n c e  of w o r k  a t  h o m e ,  o n  t h e  r o a d

C o n t r i b u t e s  t o  c a r e e r  a d v a n c e m e n t

H e l p s  o n e  g a i n  s t a t u s  a m o n g  o n e ' s  p e e r s

P r o v i d e s  s a t i s f a c t i o n  o f  b e i n g  o n  t h e  l e a d i n g  e d g e  o f  t e c h n o l o g y

F a c i l i t a t e s  d o c u m e n t a t i o n ,  e v a l u a t i o n  o f  w o r k  p r o c e s s e s

I n c r e a s e s  m a n a g e m e n t  c o n t r o l

I m p r o v e s  r e s p o n s i v e n e s s  t o  c u s t o m e r s ,  c l i e n t s ,  e t c

I n c r e a s e s  f e a s i b i l i t y ,  s i z e  o f  c o l l a b o r a t i v e  e f f o r t s  -

L e a d s  t o  f l e x i b i l i t y  i n  w o r k  s t r u c t u r e s ,  p a t t e r n s

R e d u c e s  s t a f f

C a u s e s  l e a k s  o f  p r o p r i e t a r y  o r  s e n s i t i v e  I n f o r m a t i o n

C a u s e s  m a j o r  s y s t e m  s e c u r i t y  p r o b l e m s

W a s t e s  t i m e  b e c a u s e  p e o p l e  j u s t  f o o l  a r o u n d  o n  n e t w o r k s  |
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BACKGROUND INFORMATION

The Information that you provide In this section will be used to help determine whether people with 
different backgrounds and Jobs differ In regard to their network use.

18. Gender (Circle one): 19. Age:______

1 Male
2 Female

20. Highest degree obtained (Circle one):

1 High School Diploma
2 Technical/Vocational Degree
3 Bachelor's Degree
4 Master's Degree
5 Doctorate
6 Post Doctorate
7 Other.

21. Years of professional aerospace work experience: ____ years

22. Type of organization where you work (Circle best response):

1 Industry/Manufacturing
2 Government
3 Academic
4 Other  ____________________________________________

23. 1/ you work in a private-sector organization, what is the approximate number of employees in your 
organization? __________ employees

24. Which category best describes your primary job function? (Circle the best response)

1 Administration
2 RAD
3 Design/Product Engineering
4 Industrial/Manufacturing Engineering
5 Quality control/Assurance
6 Production/Processing
7 Sales/Marketing
8 Service/Maintenance
9 Information Processing/Computer Programming/Systems Management
10 Teaching/Training
11 Other ._____________________________________________

25. Does your own work involve, as a primary feature, the development or analysis of computer 
systems, components, software, or data? (Circle one)

1 Yes
2 No
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CONCLUDING THE SURVEY

26. Is there anything else you would care to say regarding the use of computer networks 
in the aerospace industry or regarding this study?

27. Would you like to receive a summary of the results of this research? (Circle one)

1 Yes
2 No

If yes, please make sure that your address is correct. If you would like to change the 
address to which results will be sent, write the new address here:

28. Would you be interested in participating in follow-up research related to this study, 
such as a brief telephone interview or a short questionnaire on some specific aspect of 
network use? (Circle one)

1 Yes
2 No

If yes, please provide a telephone number where you can be reached:

T H A N K  Y O U !
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APPENDIX G

COVER LETTER AND QUESTIONNAIRE FOR THE MAIL SURVEY

National Aeronautics and 
Space Administration

Langley Research Center
Hampton. Virginia 
23665-5225

180A  February 15 , 1 9 9 3

Dear Dr. K ennedy:

The U .S. ae ro sp ace  industry  rem ains a national and  global leader and  a 
critical e lem en t in th e  U .S. econom y d esp ite  sign ifican t challenges from  
in ternational com petito rs. Continuing U .S. w orld  leadersh ip  in ae ro sp ace  
d ep en d s, to  a considerab le  ex ten t, on the  ability o f U .S. a e ro sp ace  
eng ineers and  sc ien tis ts  to  identify, acquire , and  utilize technical 
inform ation. H ow ever, w e  know  little ab o u t how  know ledge d iffuses 
th ro u g h o u t th e  ae ro sp ace  industry.

The NASA/DoD A erospace  K now ledge Diffusion R esearch  P roject is 
providing a practical basis for understand ing  th e  ae ro sp a c e  know ledge 
diffusion p ro cess  and its im plications a t th e  individual, organizational, 
national, an d  international levels. T he need  for m ore freq u en t and effective 
use o f techn ica l inform ation characterizes th e  s tra teg ic  vision of to d a y ’s 
com petitive ae ro sp ace  m arketp lace. T here is considerab le  ag reem en t th a t 
com pu ter ne tw o rk s will en h an ce  th e  productiv ity  o f  U .S. ae ro sp ace  
eng ineers and  sc ien tis ts  by im proving a c c e s s  to  techn ica l inform ation, 
co lleagues, co m pu ters , and o ther ne tw ork  re so u rce s . H ow ever, very  little is 
know n a b o u t how  netw orks are  u sed  in ae ro sp a c e  w ork  and com m unication  
and w h e th e r th ey  con tribu te  to  im proved p roductiv ity  and  com petitiveness.

The enc lo sed  su rvey  is part of th e  A erospace  K now ledge Diffusion R esearch  
Project. I en co u rag e  you to  com plete  and  re tu rn  th is  su rvey  as  soon  as 
possible. Doing so  will provide useful inform ation th a t  is needed  to  develop 
a s e t  of innovation-adoption techno logy  policy goals for a e ro sp ace  and  a 
co heren t, in teg ra ted  program  d irected  a t a tta in ing  th e s e  goals. Should you 
have qu estio n s or need additional inform ation, p lease  co n ta c t m e by 
te lephone a t  (804) 864 -2491  or by email a t  to m p in @ teb .la rc .n asa .g o v .

Sincerely,

T hom as E. Pinelli, Ph.D. 
A ssistan t to  th e  Chief 
R esearch Inform ation and 

A pplications Division
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G r a d u a t e  S c h o o l  o f  L i b r a r y  

a n d  I n f o r m a t i o n  S c i e n c e

4 1 0  D a v i d  K i n l e v  H a l l  2 1 7  3 3 0 - 3 2 8 0

1 4 0 7  W e s t  G r e g o r y  D r i v e  2 1 7  2 4 4 - 3 3 0 2  fax
U r b a n * .  IL  6 1 8 0 1 - 3 6 8 0

Jo h n  M K ennedy 
Indiana University 
1022  E 3rd St 
Bloom ington, IN 4 7 4 0 5

Dear Dr. Kennedy:

W e need  your help. M any a e ro sp a c e  organizations are  investing  heavily  in 
com puter netw orks, bu t very  little is know n ab o u t w h o 's  using n e tw o rk s  
and w hether they  really im prove productivity  and  com p e titiv en ess . So  w e  
are conducting  a s tu d y  to  learn  how  people in ae ro sp ace  u se  co m p u te r 
ne tw orks and  w hat th ey  s e e  a s  th e  problem s and  benefits . Your n am e is 
part of a sm all sam ple th a t w a s  provided to  u s by SAE.

As you know , w hen in terv iew ing only  a small sam ple, it is im portan t to  
achieve a high response  ra te . P lease com plete th e  enc lo sed  su rv ey  and  
return it in th e  enclosed  p o s ta g e  paid envelope a t your earlies t co n v en ie n ce . 
Even i f  you  do n o t u se  co m p u te r  n e tw o rks , w e  care a b o u t your v iew s . The 
findings from  this s tu d y  will be u sed  to  identify cu rren t prob lem s an d  will be 
m ade available to  th e  a e ro sp a c e  and  com puter netw orking com m unities to  
help them  in their effo rts  to  develop  com puter ne tw ork  sy s te m s , se rv ices , 
and policies th a t are b e tte r  su ited  to  peop le’s n eed s and  m ore likely to  
achieve projected  benefits . W e app rec ia te  your participation  and  will send  
you a sum m ary of su rvey  re su lts  a t th e  end o f th is study .

This su rvey  w as developed  follow ing in-depth in terv iew s w ith  a  w ide  variety  
of people in aero space . It will require abou t 2 0  m inutes to  co m p le te . The 
d a ta  from  th e  survey will be k ep t confidential in th a t no d a ta  will be  tied  to  
individual re sp o n d en t's  or o rg an iza tio n 's  identities. If you have  any  
questions abou t the s tu d y , p lease  c o n ta c t m e.

Thanks for your tim e and  coo p era tio n .

Sincerely,

Ann P. Bishop 
A ssistan t P rofessor 
abishop@ uiuc.edu
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PHASE 1 OP T H I  X 7 ,
*'  '  * ■ * • '  •••’ :  , • .  V d *  » .  . V , * v J !

N A S A / D O D  A E R O S P  A C E K N O  W L E D C E - ;  :T9 :
■ ^ v V  • !„? • * •  •. ^  -  ’ • ' S.-JV?
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Networks in Aerospace
Work and Communication: 
SAE Study

S P O N S O R E D  BY T H E  N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  

A D M I N I S T R A T I O N  A N D  T H E  D E P A R T M E N T  O F  D E F E N S E  

W I T H  T H E  C O O P E R A T I O N  O F  I N D I A N A  U N I V E R S I T Y ,

T H E  U N I V E R S I T Y  O F  I L L I N O I S ,  A N D  T H E  S O C I E T Y  O F  "  

A U T O M O T I V E  E N C I N E E R S  ( S A E )
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S U K V t Y  ON THE ROLE OF COMPUTER NETWORKS 
IN AEROSPACE WORK AND COMMUNICATION

T h e  p u r p o s e  of t h i s  s u r v e y  i t  t o  l e a m  m o r e  a b o u t  t h e  c u r r e n t  a n d  p o t e n t i a l  I m p a c t  of c o m p u t e r  n e t w o r k s  o n  w o r k  a n d  

c o m m u n i c a t i o n  i n  t h e  a e r o s p a c e  i n d u s t r y  f r o m  t h e  p o i n t  o f  v i e w  of a  w i d e  r a n g e  of I n d i v i d u a l s .  Y o u r  o p i n i o n s  a n d  

e x p e r i e n c e s  a r e  i m p o r t a n t ,  e v e n , ( p e r h a p s  e s p e c i a l l y )  I f  y o u  d o  n o t  u s e  c o m p u t e r  n e t w o r k s .  S o  p l e a s e  a n s w e r  e a c h  q u e s t i o n  

a s  c o m p l e t e l y  a s  p o s s i b l e .

P L E A S E  R E A D  T H I S  D E F I N I T I O N  B E F O R E  B E G I N N I N G  T H E  S U R V E Y :

C O M P U T E R  N E T W O R K S  a r e  d e / i n e d  a s  t e l e c o m m u n i c a t i o n a  l i n k s  between c o m p u t e r s .  T h e y  t a k e  m a n y  forme, for 
example: linked workstationa  t eithin a n  o r g a n i z a t i o n ;  a  desktop computer or terminal connected to a nearby printer or 
linked to a central mainframe; a dial-up link between your computer and a supercomputer or database located in some 

j  other part of the country; or a link through your computer to services on the Internet or CompuServe. With a computer
. network, you can communicate with other computer users, u t i l i z e  remote computers or computerised devices, and access
f  information located on systems beyond your own desktop. IN THE CONTEXT OF THIS SURVEY, COMPUTER
• NETWORKING DOES NOT INCLUDE VOICE MAIL or TELEPHONE TELEFACSIMILE TRANSMISSION (FAX).

? 1 .  O v e r a l l ,  h o w  w o u l d  y o u  d e s c r i b e  y o u r  c u r r e n t  r e a c t i o n  t o  c o m p u t e r  n e t w o r k s ?  ( C i r c l e  n u m b e r  o f  b e s t  r e s p o n s e )

1 T h e y  h a v e  r e v o l u t i o n i z e d  a e r o s p a c e  w o r k ,

i 2  T h e y  a r e  v e r y  u s e f u l  i n  m a n y  r e s p e c t s .

1 3  T h e y  h a v e  c e r t a i n  w o r t h w h i l e  u s e s .

4  I  a m  n e u t r a l  o r  i n d i f f e r e n t  t o  t h e m ,

i 5  I  h a v e  r e s e r v a t i o n s  a b o u t  t h e i r  v a l u e .

6  T h e y  h a v e  l i m i t e d  v a l u e  a n d  c a n  c a u s e  s e r i o u s  p r o b l e m s .

7  T h e y  a r e  w o r t h l e s s  a n d  s h o u l d  n o t  b e  i m p l e m e n t e d .

2 .  W h i c h  d e s c r i p t i o n  b e l o w  B E S T  c h a r a c t e r i z e s  t h e  e x t e n t  o f  c o m p u t e r  n e t w o r k i n g  a t  y o u r  w o r k p l a c e ?

( C i r c l e  n u m b e r  o f  b e s t  r e s p o n s e )

1 N e t w o r k s  a r e  u s e d  b y  m ost p e o p l e ;  m a n y  t o o l s  a n d  r e s o u r c e s  a r e  a v a i l a b l e  o n  n e t w o r k s ;  m ost 
c o m p u t e r  s y s t e m s  a r e  l i n k e d  t o g e t h e r  b y  a  n e t w o r k ;  n e t w o r k  u s e  i s  required or strongly encouraged.

2  N e t w o r k s  a r e  u s e d  b y  some p e o p l e ;  certain  t o o l s  a n d  r e s o u r c e s  a r e  a v a i l a b l e  o n  n e t w o r k s ;  som e  
c o m p u t e r  s y s t e m s  a r e  l i n k e d  t o g e t h e r  b y  a  n e t w o r k ;  n e t w o r k  u s e  i s  encouraged in some cases.

3  N e t w o r k s  a r e  u s e d  b y  few . if  a n y  p e o p l e ;  fe w . i f  a n y  t o o l s  a n d  r e s o u r c e s  a r e  a v a i l a b l e  o n  n e t w o r k s ;

few , i f  a n y  c o m p u t e r  s y s t e m s  a r e  l i n k e d  t o g e t h e r  b y  a  n e t w o r k ;  organization does little  to  encourage,
or even discourages network use.

4  D o n ' t  k n o w / N o t  a p p l i c a b l e

3. D o  y o u  e v e r  u s e  a n y  kind o f  c o m p u t e r  i n  y o u r  w o r k ,  s u c h  a s  a  PC, t e r m i n a l ,  m a i n f r a m e ,  l a p t o p ,  h a n d h e l d  c o m p u t e r ,  

e t c ?  ( C i r c l e  n u m b e r  o f  y o u r  r e s p o n s e )

1 N o ,  I n e v e r  u s e  c o m p u t e r s

2 a  Y e s

^  2 b  I f  y e s ,  a p p r o x i m a t e l y  w h a t  p e r c e n t  o f  y o u r  t y p i c a l  w o r k  w e e k  i s  s p e n t  u s i n g  

c o m p u t e r s ?  _______%

4 .  D o  y o u  e v e r  u s e  a n y  k i n d  o f  c o m p u t e r  n e t w o r k  i n  y o u r  w o r k ?  ( C i r c l e  n u m b e r  o f  b e s t  r e s p o n s e )

1  N o ,  I  n e v e r  u s e  c o m p u t e r  n e t w o r k s

E
2 a  Y e s .  I  p e r s o n a l l y  u s e  c o m p u t e r  n e t w o r k s

2 b  Y e s ,  I u s e  c o m p u t e r  n e t w o r k s ,  b u t  o n l y  t h r o u g h  a n  i n t e r m e d i a r y ;  e . g . ,  s e c r e t a r y ,  l i b r a r i a n ,  c o m p u t e r

s u p p o r t  s t a f f

^  2 c  I f  y e s ,  a p p r o x i m a t e l y  w h a t  p e r c e n t  o f  y o u r  t y p i c a l  w o r k  w e e k  i s  s p e n t  u s i n e  

c o m p u t e r  n e t w o r k s ?  _____%
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COMPUTER NETWORK AVAILABILITY, VALUE, AND USE

T h i s  s e c t i o n  o f  t h e  s u r v e y  a i m s  a t  o b t a i n i n g  a  d e a r e r  p i c t u r e  o f  t h e  c u r r e n t  a v a i l a b i l i t y ,  p e r c e i v e d  v a l u e ,  a n d  u s e  o f  

s p e c i f i c  t y p e s  o f  c o m p u t e r  n e t w o r k s  i n  a e r o s p a c e .

5 .  P l e a s e  c o m p l e t e  t h e  c h a r t  b e l o w  b y  p l a d n g  c h e c k  m a r k s  i n  t h e  a p p r o p r i a t e  c e l l s  t o  d e s c r i b e  Y O U R  a c c e s s  t o ,

a s s e s s m e n t  a n d  u s e  o f  s p e c i f i c  t y p e s  o f  c o m p u t e r  n e t w o r k s .

n e t w o r k s ,  p l e a s e  c o m p l e t e  C O L U M N S  M l .  R e c o r d  i n  c o l u m n  H  y o u r  p e r s o n a l  a s s e s s m e n t  o f  t h e  

P O T E N T I A L  V A L U E  o f  e a c h  t y p e  o f  n e t w o r k  l i s t e d .

I f  v m .  n n  U  V  v > m ,  t v n *  O f  n e t w o r k ,  p l e a s e  c o m p l e t e  C O L U M N S  M U .  R e c o r d  i n  c o l u m n  R  y o u r  p e r s o n a l  a s s e s s m e n t  

o f  t h e  A C T U A L  V A L U E  o f  e a c h  t y p e  o f  n e t w o r k  t h a t  y o u  u s e  a n d  t h e  P O T E N T I A L  V A L U E  o f  e a c h  t y p e  t h a t  y o u  d o  

n o t  u s e .  R e c o r d  t h e  L O C A T I O N  O F  Y O U R  N E T W O R K  U S E  i n  c o l u m n  H I .

V e ry  o ften , people canno t sa y  fo r  su re  w ha t k in d s  o f  c o m p u te r  netw orks  are available to  them . T h a t's  f in e ;  please  
place a check m ark in the " N o t  S u r e "  cell, i f  th is  is  th e  m o st appropria te  response.

' S .  A V A I L A B I L I T Y ,  V A L U E ,  

\  A N D  L O C A T I O N  O F  U S E

T Y P E  O F

N E T W O R K  \

I

Is a  co m p u te r  
o r term ina l 

connected to  such  
■ NETW ORK 
AVAILABLE 
for y o u r use?

(C t*ck only on&)

n

VALUE of this type 
o f netw ork  TO YOUR WORK?

(ACTUAL value If used: 
POTENTIAL value If not 
currently used)

(Chec* only c m )

i n

IF YOU USE this 
ty p e  of netw ork , 
W HERE d o  you 

u se  it?

(C htckA LL
t to t tp p ty )

Yes No
N ot

Sure G reat Some Slight N one
Don't
Know W ork H om e O ther

LOCAL:
C onnects you to people, tools, o r inform ation
w ith in  O NE BUILDING AT YOUR
WORKPLACE
ILe, local Ai u  Network or LAN)

ORGA NIZATIO NA L:

Connects you BEYOND O N E WORKPLACE 
BUILDING to people, tools, o r  inform ation 
W ITHIN YOUR O W N  O RGANIZATION

(rg , corporate Wide Area Network or WAN: 
campus network)

EXTERNAL/RESEARCH:

Provides-* variety o f services. C onnects you 
to people, tools, o r inform ation  
OUTSIDE YOUR O W N  ORGANIZATION 
and is INTENDED FOR RESEARCH AND 
EDUCATIONAL USE

U 4 . telenet, ■ITNTT, NSFNct, UKiwt)

EXTERNAL/COMMERCIAL:

Provides a variety o f services. Connects you 
to people, tools, o r inform ation 
OUTSIDE YOUR O W N ORGANIZATION 
and  is OPEN FOR USE BY THE 
GENERAL PUBLIC

(«.£, Prodigy, JIX, CompuServe 
GEntc. MClMiil)

OTHER (please describe):

2
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WORK RESOURCES IN AEROSPACE

T h i s  s e c t i o n  o f  t h e  s u r v e y  a s k s  a b o u t  t h e  w i d e  v a r i e t y  o f  r e s o u r c e s  y o u  u s e  i n  y o u r  w o r k  a n d  t h e  e x t e n t  t o  w h i c h  t h e s e  

r e s o u r c e s  a r e  a c c e s s i b l e  o v e r  a n y  k i n d  o f  c o m p u t e r  n e t w o r k .  P l e a s e  c o m p l e t e  t h e  e n t i r e  c h a r t  b e l o w  F O R  A N Y  W O R K  

R E S O U R C E  Y O U  U S E  e v e n  i f  v o u  d o n ' t  u s e  n e tw n A s .

6 .  F i r s t ,  C H E C K  O F F  A N Y  R E S O U R C E  T H A T  Y O U  U S E  i n  y o u r  w o r k .  T h e n ,  p l a c e  c h e c k  m a r k s  i n  e a c h  o f  T H O S E  

R O W S  O N L Y  t o  d e s c r i b e  Y O U R  u s e  a n d  a s s e s s m e n t  o f  c o m p u t e r  n e t w o r k  a c c e s s  t o  t h a t  w o r k  r e s o u r c e .  I f  a n y  r e s o u r c e s  

y o u  u s e  d o  n o t  a p p e a r  i n  t h e  c h a r t ,  a d d  t h e m  i n  t h e  * O t h e r '  r o w s .

E a r  a n v  r e s o u r c e  C U R R E N T L Y  A C C E S S I B L E  T O  Y O U  V I A  C O M P U T E R  N E T W O R K ,  d e s c r i b e  y o u r  a s s e s s m e n t  o f  t h e  

A C T U A L  V A L U E  O F  N E T W O R K  A C C E S S  t o  t h a t  r e s o u r c e ,  b a s e d  o n  y o u r  e x p e r i e n c e .

E a r  a n y  r e s o u r c e  N O T  C U R R E N T L Y  A C C E S S I B L E  T O  Y O U  V I A  C O M P U T E R  N E T W O R K  d e s c r i b e  y o u r  a s s e s s m e n t  01 
t h e  P O T E N T I A L  V A L U E  O F  N E T W O R K  A C C E S S  t o  t h a t  r e s o u r c e ,  b a s e d  o n  y o u r  o p i n i o n .

W A IT! Information resources (e.g., journal articles, internal financial data) shou ld  N O T  be considered netw ork accessible 
unless the full text or content o f  the  in fo rm a tion -as  opposed to just the bibliographic citation or database lis ling-can  be 
oiew ed orer the network.

X v  U S E  A N D  V A L U E  O F  
X .  N E T W O R K  A C C E S S

W O R K  X .  
R ESO U RCES

aUJ\A -

B l S
l U ul e g  
ac -  Vi 
in

When using this resource, 
HOW OFTEN DO  YOU ACCESS IT 

VIA A NETWORK? 
vs. by telephone. In print, etc. 

^Crieot otVyonei

VALUE of NETWORK ACCESS
to YOUR work? 

vs. telephone, etc., access 

(ACTUAL value U w m w I  arcm

Not 
Applicable- 
No Network 

Access Usually
Some*
rimes Rarely Never

/Check only one;

Crea Some Sligh None
Don't
Know

8K
3
Sw
K
z
<2
3

People in your w orkgroup or dept.

Other people in vour organization

Colleagues in academia, government

Colleagues in private industry

External clients, customers, sponsors

Externa) vendors, suppliers

O th e r

2
(j
3

Document citations, abstracts

Journal trade magazine articles

Equipment or procedures manuals

Internal technical reports

Company newsletters, bulletins

Manufacturers’ or suppliers’ catalogs

Codes of standards and practices

Directories of people

U) Training materials, tools, programs

Z Internal Rnandal data

P Production control data

2 Experimental or test data

9 Product or materials characteristics
z Technical specifications

Design change forms

Lab notebooks

Drawings or designs

Com piler ax le  or programs

O th e r

3
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NETWORK APPLICATIONS IN AEROSPACE

I t ' s  i m p o r t a n t  t o  g a i n  a  f u l l e r  p i c t u r e  o f  t h e  e x t e n t  t o  w h i c h  d i f f e r e n t  n e t w o r k  a p p l i c a t i o n s  ( c o m p u t e r  A N D  n o n - c o m p u t e r )  

a r e  u s e d  i n  a e r o s p a c e  a n d  w h i c h  o n e s  a r e  c o n s i d e r e d  t h e  m o s t  v a l u a b l e .  P l e a s e  c o m p l e t e  t h e  e n t i r e  c h a r t  b e l o w ,  e v e n  i f  

y o u  d o n ’t  u s e  n e t w o r k s .

7 .  P l a c e  c h e c k  m a r k s  i n  E A C H  R O W  t o  d e s c r i b e  Y O U R  u s e  a n d  a s s e s s m e n t  o f  e a c h  o f  t h e  s p e c i f i c  t y p e s  o f  n e t w o r k  

a p p l i c a t i o n s  l i s t e d .

F o r  a n y  n e t w o r k  a p p l i c a t i o n  t h a t  Y O U  C U R R E N T L Y  U S E ,  d e s c r i b e  y o u r  a s s e s s m e n t  o f  i t s  A C T U A L  V A L U E ,  b a s e d  o n  y o u r  

e x p e r i e n c e .

F o r  a n v  n e t w o r k  a p p l i c a t i o n  t h a t  Y O U  D O  N O T  C U R R E N T L Y  U S E  d e s c r i b e  y o u r  a s s e s s m e n t  o f  i t s  P O T E N T I A L  V A L U E ,  

b a s e d  o n  y o u r  o p i n i o n .

> .  A V A ILA B IL IT Y , 

\  U S E , A N D  VA LU E
How FREQUENTLY 

do YOU use this application 
AT YOUR WORKPLACE? 

fCAacfc o N f on*)

VALUE of application TO YOUR WORK?
(ACTUAL vatu* of «pf*k»ikw IF USED: 
o th e r* * #  POTENTIAL v-ahw)

(Chock ontf om )

N E T W O R K
A P P L IC A T IO N S  \

Application
NOT

AVAILABLE
itW n rk p U ct Daily Weekly

Monthly 
or Less* Never

Application
NOT

APPLICABLE
toMvWfwfc Great Some Slight None

Don't
Know

Electronic mail (sending messages 
to individuals)

Electronic bulletin boards, mailing lists, 
discussion g ro u p  or computer 
conferencing systems (fur group 
messages)

Real-time, interactive messaging

Videoconferencing

Voice mail

THefacsimile (Fax)

Electronic journals or newsletters

Electronic data interchange (EDI) 
for exchanging orders, bills, etc.

Logging into a computer NOT on your 
desktop to run a program (e.g., 
CAD/CAM , spreadsheet, modeling)

Logging into a computer NOT on your 
desktop to access data or text files 
(e.g.. personnel or project data, reports)

Online bibliographic searching of 
commercial or government databases

Online library card catalog searching

Operation of computerized expert- 
mental, test, or production devices 
without being physically present

Computer-integrated manufacturing

Transferring data or text files 
between computers

Accessing or transferring images

O t h e r

4
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a er o spa c e  t a sk s  a n d  a c t iv it ie s

I n  i n t e r v i e w !  c o n d u c t e d  e a r l i e r ,  p e o p l e  w o r k i n g  i n  a e r o s p a c e  d i s c u s s e d  t h e  w i d e  v a r i e t y  o f  i m p o r t a n t  t a s k s  a n d  a c t i v i t i e s  

t h e y  p e r f o r m .  T h i s  s e c t i o n  o f  t h e  s u r v e y  a s k s  h o w  Y O U  p e r f o r m e d  s o m e  p a r t i c u l a r  t a s k  t h a t  w a s  i m p o r t a n t  t o  y o u r  w o r k .

g .  T h e  n n >  m m t  i m p o r t a n t  w o r k  t a s k  I  p e r f o r m e d  d u r i n g  m v  l a s t  w o r k  w e e k  w a s  t o  ( C i r c l e  n u m b e r  o f  S I N G L E  B E S T  

r e s p o n s e ) :

1  C o m e  u p  w i t h  n e w  I d e a s ,  a p p r o a c h e s

2  K e e p  u p  w i t h  n e w  d e v e l o p m e n t s

3  D e v e l o p  t h e o r i e s ,  c o n c e p t s

4  I d e n t i f y  r e q u i r e m e n t s

5  L e a r n  h o w  t o  d o  s o m e t h i n g

6  S e l e c t  o r  d e s i g n  m e t h o d s  a n d  p r o c e d u r e s

7  C o n d u c t  e x p e r i m e n t  o r  r u n  t e s t

8  P e r f o r m  m a t h e m a t i c a l  a n a l y s i s

9  I n t e r p r e t  r e s u l t s  o f  e x p e r i m e n t s ,  t e s t s

1 0  P r o d u c e  s p e c i f i c a t i o n s

1 1  P r o d u c e  d r a w i n g s ,  d e s i g n s

1 2  I d e n t i f y  r e s o u r c e s

1 3  P r o d u c e  p r o t o t y p e s  o r  p r o d u c t s

1 4  A s s u r e  c o n f o r m a n c e  w i t h  r e q u i r e m e n t s

1 5  T r o u b l e s h o o t i n g ,  m a i n t e n a n c e

1 6  P l a n  t a s k s ,  p r o j e c t s ,  p r o g r a m s ,  e t c .

1 7  C o o r d i n a t e  w o r k

1 8  I d e n t i f y  p r o b l e m

1 9  N e g o t i a t e  w i t h  c o - w o r k e r s ,  c l i e n t s ,  v e n d o r s ,  

s t u d e n t s ,  e t c

2 0  S o l v e  t e c h n i c a l  p r o b l e m

2 1  W r i t e  p r o p o s a l ,  r e p o r t ,  p a p e r ,  e t c .

2 2  O t h e r . _______________________________________________________________

9 .  P l e a s e  d e s a i b e  t h e  t a s k  b r i e f l y : .

1 0 .  A p p r o x i m a t e l y  h o w  m a n y  O T H E R  p e o p l e  w e r e  d i r e c t l y  i n v o l v e d  i n  p e r f o r m i n g  t h i s  t a s k  w i t h  y o u ?

 o t h e r  p e o p l e  ( P l e a s e  s u p p l y  n u m b e r  f r o m  0  u p )

1 1 .  W h a t  w a s  t h e  g e o g r a p h i c  s p a n  i n v o l v e d  i n  p e r f o r m i n g  t h e  t a s k ,  i n  r e l a t i o n  t o  y o u r  p r i m a r y  w o r k  l o c a t i o n  a t  t h e  

t i m e ?  ( C i r c l e  n u m b e r  o f  b e s t  r e s p o n s e )

1 S a m e  o f f i c e / l a b

2  S a m e  b u i l d i n g

3  S a m e  w o r k s i t e

4  S a m e  t o w n

5  S a m e  c o u n t r y

6  A c r o s s  c o u n t r i e s

7  D o n ' t  k n o w

1 2 .  W h a t  w a s  t h e  o r g a n i z a t i o n a l  s p a n  i n v o l v e d  i n  p e r f o r m i n g  t h e  t a s k ,  i n  r e l a t i o n  t o  y o u r  p r i m a r y  w o r k  l o c a t i o n  

a t  t h e  t i m e ?  ( C i r c l e  n u m b e r  o f  b e s t  r e s p o n s e )

1 S a m e  w o r k g r o u p

2  S a m e  d e p a r t m e n t

3  S a m e  d i v i s i o n

4  S a m e  o r g a n i z a t i o n

5  A c r o s s  o r g a n i z a t i o n s

6  D o n ’t k n o w

1 3 .  I n  p e r f o r m i n g  t h i s  t a s k ,  d i d  y o u  c o m e  i n t o  c o n t a c t  w i t h  a n y  u s e f u l  p e o p l e ,  i n f o r m a t i o n  s o u r c e s ,  o r  t o o l s  n o t  p r e v i o u s l y  

k n o w n  t o  y o u ?  ( C i r c l e  n u m b e r  o f  r e s p o n s e )

1 Y e s

2  N o
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1 4 .  W h a t  w e r e  t h e  t w o  m o s t  i m p o r t a n t  c o m m u n i c a t i o n  c h a n n e l *  y o u  u s e d  i n  p e r f o r m i n g  t h i s  t a s k ?  O n  t h e  l i n e s  

p r o v i d e d  b e l o w ,  p l e a s e  W R I T E  a  " P 1 i n  f r o n t  o f  t h e  P R I M A R Y  c o m m u n i c a t i o n  c h a n n e l  u s e d .  W R I T E  a n  " S "  i n  

f r o n t  o f  t h e  S E C O N D A R Y  c h a n n e l  u s e d .

Mechanism M e
  F a c e - t o - f a c e  i n t e r a c t i o n  w i t h  o t h e r  p e r s o n ( s )  F T F

  E x a m i n i n g  p r i n t e d  m a t e r i a l  i n  o w n  o f f i c e  o r  o t h e r  l o c a t i o n  P

  O w n  d i r e c t  e x a m i n a t i o n ,  t e s t i n g  o f  p h y s i c a l  o b j e c t s ,  d e v i c e s ,  p r o c e s s e s  D

  U s e  o f  c o m p u t e r  n e t w o r k  t o  c o m m u n i c a t e  w i t h  p e o p l e  N P

  U s e  o f  c o m p u t e r  n e t w o r k  t o  a c c e s s  i n f o r m a t i o n  o r  d a t a  N l

  U s e  o f  c o m p u t e r  n e t w o r k  t o  o p e r a t e  a  c o m p u t e r  o r  o t h e r  d e v i c e  N C

  U s e  o f  a  n o n - n e t w o i k e d  c o m p u t e r  C

  T e l e p h o n e  T

_  V o i c e  M a i l  V M

  I n t e r n a l  ( e . g . ,  c o m p a n y  o r  c a m p u s )  o r  U S .  M a l l  M

  F a x  F

  O t h e r  ( p l e a s e  d e s a i e i ________________________________ ,__________________________  O

I S .  W h a t  w a s  y o u r  M A I N  R E A S O N  f o r  c h o o s i n g  t h e  P R I M A R Y  c h a n n e l  u s e d ?  ( c i r c l e  S I N G L E  B E S T  r e s p o n s e )

1 P r e f e r r e d  m e c h a n i s m  n o t  a v a i l a b l e : _________  ( S u p p l y  Mechanism Code f r o m  p r e v i o u s  q u e s t i o n

2  T r a d i t i o n  d e m a n d e d  i t  t o  s p e c i f y  p r e f e r r e d  m e c h a n i s m )

3  I t  w a s  q u i c k e s t  w a y  t o  a c c o m p l i s h  t h e  t a s k

4  I t  r e q u i r e d  t h e  l e a s t  e f f o r t  o n  m y  p a r t

5  I t  w a s  t h a g g l

6  I t  w a s  t h e  m o s t  r e l i a b l e

7  I t  a l l o w e d  t h e  g r e a t e s t  a c c u r a c y  o f  i n f o r m a t i o n  f l o w

8  I t  a l l o w e d  f o r  t h e  m o s t  c o m p l e t e  e x p r e s s i o n ,  i n t e r p r e t a t i o n ,  o r  i n t e r a c t i o n  i n  i n f o r m a t i o n  f l o w

9  I t  a l l o w e d  f o r  t h e  m o s t  p r e s e n t a b l e  e x p r e s s i o n  o f  i n f o r m a t i o n

1 0  I t ' s  w h a t  e v e r y o n e  i n v o l v e d  w a s  s e t  u p  f o r

1 1  O t h e r  ( p l e a s e  d e s c r i b e ) : ________________________________________________________________________________

NATURE OF YOUR WORK ENVIRONMENT
T h i s  s e c t i o n  s e e k s  i n f o r m a t i o n  a b o u t  y o u r  w o r k  e n v i r o n m e n t  i n  o r d e r  t o  e x p l o r e  w o r k - r e l a t e d  f a c t o r s  t h a t  m a y  b e  

a s s o c i a t e d  w i t h  n e t w o r k  u s e .

1 6 .  I n  y o u r  p r e s e n t  j o b ,  d o  y o u  c o n s i d e r  y o u r s e l f  p r i m a r i l y  a ( n ) ?  ( C i r c l e  n u m b e r  o f  S I N G L E  B E S T  r e s p o n s e ) :

1 E n g i n e e r  3  S c i e n t i s t

2  M a n a g e r  4  O t h e r  ( p l e a s e  d e s c r i b e ) : __________________________________

1 7 .  I n  w h i c h  b r a n c h  o f  a e r o s p a c e  d o  y o u  w o r k ?  ( C i r c l e  n u m b e r  o f  S I N G L E  B E S T  r e s p o n s e )

1  A e r o d y n a m i c s  5  A v i o n i c s

2  S t r u c t u r e s  6  M a t e r i a l s  a n d  p r o c e s s e s

3  P r o p u l s i o n  7  O t h e r  ( p l e a s e  d e s c r i b e ) : ________________________________________

4  F l i g h t  d y n a m i c s  a n d  c o n t r o l

1 8 .  W h a t  d o  y o u  t h i n k  a r e  t h e  b i g g e s t  b a r r i e r s  t o  n e t w o r k  u s e  t h a t  y o u  e x p e r i e n c e ? _____________________________________

1 9 .  W h a t  a r e  t h e  m o s t  i m p o r t a n t  f a c t o r s  t h a t  e n c o u r a g e  y o u r  n e t w o r k  u s e  o r  p o t e n t i a l  u s e ?

6
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2 0 .  P l e a s e  c o m p l e t e  t h i s  c h a r t  o n  Y O U R  W O R K  A N D  N E T W O R K I N G  E N V I R O N M E N T  b y  p l a c i n g  a  c h e c k  m a r k  i n  

e a c h  r o w  t o  I n d i c a t e  t h e  e x t e n t  t o  w h i c h  Y O U  a g r e e  o r  d i s a g r e e  w i t h  e a c h  o f  t h e  s t a t e m e n t s  l i s t e d .  P l e a s e  c o m p l e t e  

t h e  e n t i r e  c h a r t ,  e v e n  i f  y o u  d o n ' t  u s e  n e t w o r k s .

STATEMENTS CONCERNING WORK 
AND NETWORKING ENVIRONMENT

E X T E N T  T O  W H I C H  

Y O U  A G R E E ?  

(Check only one)

3  ,
5  i

II D
is
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g
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e
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D
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r
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r
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n
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O
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|

T h e  r e s u l t s  o f  m y  w o r k  a r e  i n t e g r a t e d  w i t h  t h e  w o r k  o f  o t h e r s

I s p e n d  m y  d a y  w o r k i n g  i n d e p e n d e n t l y

A l l  t h e  p e o p l e  I  n e e d  t o  c o m m u n i c a t e  w i t h  a r e  i n  m y  b u i l d i n g

I  r e q u i r e  a  d i v e r s e  r a n g e  o f  i n f o r m a t i o n  f r o m  a  w i d e  v a r i e t y  o f  s o u r c e s

T i m e  p r e s s u r e s  a r e  t r e m e n d o u s  i n  m y  w o r k

M y  w o r k  i s  r o u t i n e ,  p r e d i c t a b l e

W o r k  d i s c u s s i o n s  r e q u i r e  h a v i n g  d o c u m e n t s ,  d e v i c e s ,  d r a w i n g s  a l l  i n  h a n d

I o f t e n  e x a m i n e  p h y s i c a l  d e v i c e s ,  i n s t r u m e n t s ,  m a t e r i a l s ,  p r o c e s s e s ,  e t c .

T h e  p r o d u c t s  I d e s i g n ,  d e v e l o p ,  o r  p r o d u c e  a r e  h i g h l y  c o m p l e x

1 w o r k  i n  a  f i e l d  t h a t  i s  e x t r e m e l y  c o m p e t i t i v e

M y  o r g a n i z a t i o n  i s  h i e r a r c h i c a l l y  s t r u c t u r e d  ( a s  o p p o s e d  t o  p r o j e c t - b a s e d )

M y  o r g a n i z a t i o n a l  c u l t u r e  i s  r i g i d  a n d  a u t h o r i t a t i v e

M y  w o r k  i s  c l a s s i f i e d

R e s u l t s  o f  m y  w o r k  a r e  p r o p r i e t a r y

R e s u l t s  o f  m y  w o r k  a r e  s t o r e d  i n  c o m p u t e r i z e d  f o r m

| 
N

ET
W

O
R

K
IN

G
 

E
N

V
IR

O
N

M
E

N
T

 
|

1 s t a r t e d  m y  p r o f e s s i o n a l  c a r e e r  w i t h o u t  n e t w o r k s

1 l i k e  t o  l e a r n  n e w  c o m p u t e r  t h i n g s  j u s t  f o r  t h e  f u n  o f  i t

N e t w o r k i n g  r e q u i r e s  t o o  m u c h  e f f o r t  t o  l e a m  a n d  k e e p  u p  w i t h

1 k n o w  a b o u t  a l l  t h e  n e t w o r k e d  i n f o r m a t i o n ,  s e r v i c e s  r e l e v a n t  t o  m y  w o r k

N e t w o r k i n g  h e l p  c o m e s  m o s t l y  f r o m  f o r m a l  t r a i n i n g  o r  s u p p o r t  p r o g r a m s

N e t w o r k  t r a n s m i s s i o n  i s  u n r e l i a b l e

E x i s t i n g  n e t w o r k  a p p l i c a t i o n s  a r e  w e l l - s u i t e d  t o  m y  w o r k

A l l  t h e  p e o p l e ,  t o o l s ,  r e s o u r c e s  I  n e e d  a r e  o n  t h e  n e t w o r k

N e t w o r k i n g  i s  n o t  s e a m l e s s ;  s t i l l  m a n y  u n c o n n e c t e d ,  i n c o m p a t i b l e  s y s t e m s

N e t w o r k i n g  c o s t s  o u t w e i g h  i t s  b e n e f i t s

N e t w o r k  u s e  i s  a c t i v e l y  e n c o u r a g e d ,  r e w a r d e d  b y  m y  o r g a n i z a t i o n

L a c k  o f  e x p e r i e n c e  w i t h  n e t w o r k i n g  m a k e s  i t  h a r d  t o  p r e d i c t  c o s t s ,  b e n e f i t s

A  n e t w o r k e d  c o m p u t e r  i s  e a s i l y  a c c e s s i b l e  t o  m e

C u s t o m e r s ,  c l i e n t s ,  s p o n s o r s  a r e  d e m a n d i n g  t h a t  I u s e  n e t w o r k s

7
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i m p a c t  o f  c o m p u t e r  n e t w o r k s

I n  i n t e r v i e w s  c o n d u c t e d  e a r l i e r ,  p e o p l e  i n v o l v e d  i n  t h e  a e r o s p a c e  i n d u s t r y  s u g g e s t e d  a w i d e  v a r i e t y  o f  i m p a c t s ,  

r e p r e s e n t i n g  b o t h  p r o b l e m s  a n d  b e n e f i t s ,  t h a t  m a y  r e s u l t  f r o m  n e t w o r k  u s e .  P l e a s e  c o m p l e t e  t h e  e n t i r e  b e l o w  t o  

s h a r e  Y O U R  O W N  O P I N I O N S  A N D  E X P E R I E N C E S ,  r e g a r d l e s s  o f  w h e t h e r  o r  n o t  v o u  c u r r e n t l y  u s e

2 1 .  I n d i c a t e  i n  C O L U M N  I  t h e  e x t e n t  t o  w h i c h  Y O U  b e l i e v e  t h a t  N E T W O R K S  I N C R E A S E  O R  D E C R E A S E  e a c h  w o r k  

a s p e c t  l i s t e d .  P l a c e  a  c h e c k  i n  C O L U M N  II  I F  Y O U  H A V E  P E R S O N A L L Y  E X P E R I E N C E D  t h a t  e f f e c t .  I n d i c a t e  i n  

C O L U M N  II I  w h e t h e r  y o u  b e l i e v e  t h e  e f f e c t  r e p r e s e n t s  a  M A J O R  P R O B L E M  O R  B E N E F I T  i n  a e r o s p a c e  w o r k .

E F F E C T  O F  N E T W O R K S

A S P E C T S  O F  W O R K

1

Is t h e  e f f e c t  o f  n e t w o r k s  t o  

INCREASE? o r  DECREASE? 
e a c h  a s p e c t  o f  w o r k
(Ctmk «m)

a

i i i

Mli r

0 1

11 tfhct o c n ir j .  Is i t  i  

MAJOR PROBLEM 
or BENEFIT?(Chtct only otmi

H
11

u) >. at -=SJ II i

£  j

2  ji IN
C

R
E

A
S

E
C

rv
rtl

y II
1 1

*1 g i

< 2  2  a

X*
d
►A

3

Ability to express ideas, problem s a t point of need

A m ount of inform ation available

N eed  for face*to*face interaction

C oherence with one's w ork  com m unity

Com m unication w ith  people NOT on the netw ork

Exchange of inform ation, ideas across organizational b o u n d arie s

Efficiency of contacting people

N um ber of changes required  in final products

U se of expensive com puters and  com puterized  devices

Ability to com plete projects within budget

T urn aro u n d  tim e on solving problem s

Ability to com plete projects, develop products on schedule

D uplication of effort

Ability to stay on the cu tting  edge o f new  know ledge

S ense of ow nership, com m itm ent to w ork  product

Perform ance of w ork  at hom e, on the  road, off-site

R ate of career advancem ent

D egree of s tatus am ong one's peers

Ability to com m unicate w ith  otherw ise inaccessible peop le

D ocum entation, evaluation  o f work processes

M anagem ent control

Feasibility, size of co llaborative efforts

Flexibility in  w ork structures, patterns

N um ber of staff em ployed

Leaks of proprie tary  o r  sensitive inform ation

M ajor system  security problem s

A m ount of time spent fooling around

Responsiveness to custom ers, clients, etc.

O t h e r  ( p l e a s e  s p e c i f y ) :

O t h e r  ( p l e a s e  s p e c i f y ) :

8
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IMPORTANT BACKGROUND INFORMATION

T h e  I n f o r m a t i o n  t h a t  y o u  p r o v i d e  I n  t h i s  s e c t i o n  w i l l  b e  u s e d  t o  h e l p  d e t e r m i n e  w h e t h e r  p e o p l e  w i t h  d i f f e r e n t  

b a c k g r o u n d s  a n d  j o b s  d i f f e r  i n  r e g a r d  t o  t h e i r  n e t w o r k  u s e .

2 2 .  G e n d e r  ( C i r c l e  n u m b e r  o f  y o u r  r e s p o n s e ) :  2 3 .  A g e : ________

1  M a l e

2  F e m a l e

2 4 .  H i g h e s t  d e g r e e  o b t a i n e d  ( C i r c l e  n u m b e r  o f  t h e  S I N G L E  B E S T  r e s p o n s e ) :

1  H i g h  S c h o o l  D i p l o m a  5  D o c t o r a t e

2  T e c h n i c a l / V o c a t i o n a l  D e g r e e  6  P o s t  D o c t o r a t e

3  B a c h e l o r ' s  D e g r e e  7  O t h e r  ( p l e a s e  d e s c r i b e ) : _________ ; ____________________________________

4  M a s t e r ' s  D e g r e e

2 5 .  Y e a r s  o f  p r o f e s s i o n a l  a e r o s p a c e  w o r k  e x p e r i e n c e :   y e a r s

2 6 .  T y p e  o f  o r g a n i z a t i o n  w h e r e  y o u  w o r k  ( C i r c l e  n u m b e r  o f  S I N G L E  B E S T  r e s p o n s e ) :

1 I n d u s t r y / M a n u f a c t u r i n g  4  N o t - f o r - P r o f i t

2  G o v e r n m e n t  5  R e t i r e d  o r  N o t  E m p l o y e d

3  A c a d e m i c  6  O t h e r  ( p l e a s e d e s c r i b e ) : ______________________________________________

2 7 .  I f  y o u  w o r k  i n  a n  o r g a n i z a t i o n  o t h e r  t h a n  a n  e d u c a t i o n a l  i n s t i t u t i o n ,  w h a t  i s  t h e  a p p r o x i m a t e  n u m b e r  o f  

e m p l o y e e s  i n  y o u r  o r g a n i z a t i o n ?  ( P l e a s e  s u p p l y  n u m b e r  o f  p e o p l e  f o r  e a c h  c a t e g o r y  b e l o w  t h a t  i s  a p p l i c a b l e ) :

2 7 a   p e o p l e  i n  p a r e n t  o r g a n i z a t i o n

2 7 b   p e o p l e  i n  m y  d i v i s i o n

2 7 c  p e o p l e  i n  m y  l o c a t i o n

 p e o p l e  i n  d e p a r t m e n t  ( o r  t h e  e q u i v a l e n t )

2 8 .  W h i c h  c a t e g o r y  B E S T  d e s c r i b e s  y o u r  p r i m a r y  j o b  f u n c t i o n ?  ( c i r c l e  n u m b e r  o f  S I N G L E  B E S T  r e s p o n s e )

1  A d m i n i s t r a t i o n

2  R e s e a r c h

3  A d v a n c e d  o r  A p p l i e d  D e v e l o p m e n t

4  D e s i g n / P r o d u c t  E n g i n e e r i n g

5  I n d u s t r i a l / M a n u f a c t u r i n g  E n g i n e e r i n g

6  Q u a l i t y  C o n t r o l / A s s u r a n c e  ( t e s t i n g ,  i n s p e c t i o n ,  e t c . )

7  P r o d u c t i o n

8  S a l e s / M a r k e t i n g

9  S e r v i c e / M a i n t e n a n c e

1 0  I n f o r m a t i o n  P r o c e s s i n g / C o m p u t e r  P r o g r a m m i n g / S y s t e m s  M a n a g e m e n t

1 1  T e a c h i n g / T r a i n i n g  ( m a y  i n c l u d e  r e s e a r c h )

1 2  O t h e r .  _____________________________________________________________________

2 9 .  W h a t  i s  y o u r  a m e n t  j o b  t i d e ? ____________________________________________________________________________________________________________

3 0 .  D o e s  y o u r  o w n  w o r k  i n v o l v e ,  a s  a  p r i m a r y  f e a t u r e ,  t h e  d e v e l o p m e n t  o r  a n a l y s i s  o f  c o m p u t e r  s y s t e m s ,  c o m p o n e n t s ,  

s o f t w a r e ,  o r  d a t a ?  ( G r c l e  n u m b e r  o f  y o u r  r e s p o n s e )

1 Y e s

2  N o

O x
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CONCLUDING THE SURVEY

3 1 .  W h a t  d o  y o u  m o s t  w a n t  t o  c o n v e y  t o  n e t w o r k  p o l i c y m a k e r s ,  s e r v i c e  p r o v i d e r s ,  o r  o r g a n i z a t i o n a l  m a n a g e r s  a b o u t  t h e  

i m p a c t  o f  c o m p u t e r  n e t w o r k s  o n  w o r k  a n d  c o m m u n i c a t i o n  i n  a e r o s p a c e ?

3 2 .  I s  t h e r e  a n y t h i n g  e l s e  y o u  w o u l d  c a r e  t o  s a y  a b o u t  t h e  u s e  o f  c o m p u t e r  n e t w o r k s  i n  t h e  a e r o s p a c e  i n d u s t r y ?  A b o u t  

t h i s  s t u d y ?

3 3 .  W o u l d  y o u  b e  i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  f o l l o w - u p  r e s e a r c h  r e l a t e d  t o  t h i s  s t u d y ,  s u c h  a s  a  b r i e f  t e l e p h o n e  

i n t e r v i e w  o r  a  s h o r t  q u e s t i o n n a i r e  o n  s o m e  s p e c i f i c  a s p e c t  o f  n e t w o r k  u s e ?  ( C i r c l e  n u m b e r  o f  y o u r  r e s p o n s e )

1  Y e s

2  N o

T H A N K  Y O U !

M a i l  t o :

N A S A / D o D  A e r o s p a c e  K n o w l e d g e  D i f f u s i o n  R e s e a r c h  P r o j e c t  

N A S A  L a n g l e y  R e s e a r c h  C e n t e r  

M a i l  S t o p  1 8 0 A  

H a m p t o n ,  V A  2 3 6 8 1 - 0 0 0 1

10
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