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ABSTRACT
OCMPUTER USE IN THE SCIENTIFIC OFFICE
Douglas L. Miller
01d Dominion University, 1991
Director: Donald D. Davis

over the past two decades camputers in research and development
organizations have become a complex and integral part of the work
process. Yet to date only a handful of systematic investigations
have addressed issues involving scientists’ or other professionals’
use of computers, and very little is known about factors influencing
use (Bikson and Gutek, 1983; Blacker and Brown, 1986; Collopy,
1988; Gasser, 1986; Helander, 1985; Nickolson, 1985; Pope,
1985). As a result, this research was designed to address four
cbjectives. The first was to develop and evaluate a descriptive
model of variables influencing scientists’ computer use. The second
objective was to explore the inter-relationships among medel
variables, and the third was to develop a linear predictive model of
use. As a prelude to these objectives, a fourth objective involved
development of reliable and valid variable measures, including
measures of computer use. Study participants were 104 research
scientists fram the IBM T. J. Watson Research Center.

Identification and operationalization of model variables
resulted in eight reliable and valid measures for the assessment of
use-variable relationships. There were three individual difference

variables (capability with computers, perceived impact, satisfaction
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with current tools), two nature of work measures (professions, work
activity cluster membership), and tliree organizational envirorment
variables (importance of camputer literacy and skills to management,
importance of computer literacy and skills to colleagues, and
support system size). Six of these variables proved to be
significantly related to participants’ computer use, and they fell
into three distinct groups or tiers based on their inter-
relationships. A linear cambination of profession and cluster
membership accounted for 58 percent of the variance in scientists’
camputer use.

Overall, study results indicate that individual scientists’
camputer use, and by extension organizational computer use, is
highly predictable based on scores fram a limited set of variables.
Study results suggest a three tiered network of variables
influencing scientists’ computer use, where tiers reflect causal
priorities. Considerable research is needed to further delineate

this network.
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Camputer Use

INTRODUCTION

A National Science Foundation panel was recently commissioned
to assess the role of and the need for computers among scientists
(McCormick, DeFanti, and Brown, 1987; Salzman and VonNewmann,
1987). The panel concluded that camputers are emerging to play as
impartant a role in science as theory and experimentation. As we
enter the 1990s, camputers in research and development have beccame
an established and vital part of the work envirorment. However, as
the technology has moved from an abstract invention to a complex and
integral part of the work process requiring considerable support and
resources, many research organization managers and support staff
have reported that systems are underutilized by scientists, and that
camputers are not contributing to scientists’ productivity as much
as expected.

The growth in the role and importance of camputers for
scientists, and the related perceptions of underutilization, reflect
a phenomenon occurring in many professional fields. The 1980s saw a
rapid growth in the development and adoption of computer harvdware
and software to support and enhance nearly all types of white collar
work (Frenkel, 1988; McCormick, DeFanti, and Brown, 1987; Salzman
and VonNeumann, 1987). In only a few short years many professionals
who previcusly coomunicated via paper and through secretaries, kept
records and accounts manually, and used typewriters for document
preparation now do all three with a computer. In addition, for many
professionals, computer technology is increasingly employed as an
aid in decision making, problem solving, and other core tasks
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Camputer Use
2

central to their work. Yet mmerocus authors have reported a failure
to realize expected benefits from camputer investments (e.q.,
Bikson, Gutek, and Mankin, 1981; Majckrzak, Collins, and
Mandeville, 1986; Stewart, 1985; Wessel, 1988).

The roots of this problem can be in large part traced to the
widespread adoption of these tools and associated high expectations
for their widespread use despite little understanding and no theory
to explain how computers could support scientists’ or other
professionals’ work activities (Collopy, 1988; Jchansson, 1987).
To date, only a handful of systematic investigations have addressed
issues involving scientists’ or other professionals’ use of
camputers, and very little is known about factors influencing use
(Bikson and Gutek, 1983; Blacker and Brown, 1986; Collopy, 1988;
Gasser, 1986; Helander, 1985; Nickolson, 1985; Pope, 1985). As a
result, most organizations employ a technology-driven, laissez-faire
camputer management style in which users receive little systematic
information about what constitutes good computer use. The user is
given minimal general training and a brief learning period to
discover how to absorb these tools into a productive work routine.
(Bikson, Gutek, and Mankin, 1981; Blacker and Brown, 1986;

Collopy, 1988; Gerrity and Rockart, 1986). Managers and systems
staff develop and apply implicit or explicit criteria for the
evaluation of productivity improvements or cost savings with little
understanding of the determinants of scientists’ camputer use.
Likewise, they develop support systems with an incamplete
understanding of user needs. Not surprisingly, the result is
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Canputer Use
3

typically disappointing reports arising from rather naive
technology-driven expectatians of high, uniform use and support
systems that do little to improve use. The cuwrrent research has
been undertaken to contribute to the understanding of factors
influencing scientists’ camputer use in order to permit the
development of more accurate expectations of individual scientists’
use and more effective camputer support systems.
Models of Computer Use

Both research and experience indicates that camputer use varies
widely across individuals within organizations (Bikson and Gutek,
1983; Pope, 1985). However, no models or theories are yet
available that explain or predict individual computer use at work
(for scientists or other professions). The primary cbjective of
this research was to construct an initial descriptive model of
factars determining scientists’ computer use, and to test and revise
the resulting model (Collopy, 1988). In order to build this model,
first, models in related research areas were reviewed for their
applicability to the prediction of computer use in the scientific
office; second, a literature review was conducted to identify
variables previcusly suggested as pctential use-determinants; and
finally, based on available evidence, variables were selected and
used to construct a testable model.
Related Models

While no medels were found describing or predicting computer
use among scientists or other professions, a few models from other
areas of investigation were found to be somewhat related to this
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Computer Use
4

research concern. Most directly related to the present research are
models predicting or describing the process of successful
implementation of computer technologies in the warkplace (e.q.,
Davis, 1986; Endsley, 1985). These models focus on various sets of
variables and their relationships to successful technology
implementation. These models typically do not focus on the
"routinization" ar "“institutionalization" of a technolegy, where it
is judged to be integrated into the workplace. They do not provide
for the description or prediction of use once a technology is a
routine part of the work enviromment. The current research effort
explores camputer use following routinization. Many of the
variables influencing successful implementaticn may prove to
influence routine use also. This study attempts to discover whether
characteristics of the work place associated with the implementation
of technical innovations are also related to their routine use.

Two other sets of models address relationships somewhat related
to the current research. Specifically, models attempting to show
how general classes of variables are related to effective

.organizational information systems (e.g., Zmid, 1979) and models
addressing the general role or function of advanced technologies in
organizations (e.g., Porras and Hoffer, 1986) are likewise concerned
with effective organizational camputer use. However, these models
lack the specificity necessary for the description or prediction of
individual scientists’ computer use.
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Camputer Use

Variables in the Literature

With little direction provided by previous models or theories
for the construction of a descriptive model of scientists’ camputer
use, a literature review was conducted to identify potential use-
determinants. Variables identified from this review are listed in
Table 1 and are divided into the following categories: (a)
Technology-specific variables; (b) Individual difference variables;
(c) Nature of work variables; and (d) Organizational variables.

The diversity of the literature reviewed reflects in part the
eclectic nature of this research area. Research was drawn from the
fields of management information systems, industrial/organizational
psychology, human factors/ergonamics, industrial engineering,
computer science, and management. The element commen to all studies
was a concern for computer use or variables related to use.
Although most of the literature reviewed addressed use as a
dependent variable, either theoretically or empirically, there were
a number of studies in which use was treated as an independent
variable and still others that did not address use in terms of
independent~dependent variable relationships. This literature can
be loosely categorized into the following five topic areas: (1) the
implementation of computer technologies, (2) the design and
development of computer products, (3) computer user individual
differences, (4) the description of computer use, and (5) the
support or training of computer users. The first four categories
are similar to those used by Trice and Treacy (1988) in their review

of utilization as a dependent variable in management
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Table 1
Variables identified as potential determinants of computer use

Technology-Specific Variables
Ease of use
Technology design (e.t_;., keyboard layout, processing capacity)
Associated documentation

Individual Difference Variables
Attitude toward computer use
Personality or personality variables
Waork style
Cognitive style
Problem solving style
Technostress or technophobia
Individual demographic characteristics
Interest in computers
Camputer experience
Conputer literacy
Satisfaction with current computer tools for accomplishing work
Expected impact of camputer use

Nature of Work Variables
Job requirements (e.g., work activities, work priorities)
Support system characteristics

Macro-Organizational Variables
Organization size
Organization structure
Conputer support system characteristics
Technology champions
Critical user mass
Social norms or expectations
Management norms or expectations
Management style

Reproduced with permission of the copyright:owner. Further reproduction prohibited without permissionyyanwy.manaraa.com



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

Camputer Use
7

information system research. Each of these categories is hbriefly
reviewed in next several sections of this report, with the Table 1
variables derived from each category noted.

Implementation of computer technologies. Research addressing
the implementation of camputer technologies represents perhaps the
most developed body of literature bearing upon the current study.
As discussed, implementation research has been concerned hroadly
with the individual and organizational adaptation of advanced
technologies, focusing on that period of time ranging from planning
for new technologies up to the point where these technologies have
becane a "routine" part of the work process (e.g., Bikson, Gutek,
and Mankin, 1981; Davis, 1986; Endsley, 1985; Olson and Iucas, 1982;
Tornatzky, 1985). These studies have focused to a great extent on
the relationship between successful adoption, usually measured in
terms of amount of system use, and numercus implementation process
and individual difference variables. Variables suggested by this
body of literature as potential determinants of routine use include:
attitude toward computer use, technostress, computer experience,
technology champions, critical user mass, social norms,
organizational size and structure, and management norms and style.

Design and development of computer products. Numercus
laboratory-based studies, largely in the human factors/ergonomics
area, have addressed the effects of specific camputer system
characteristics on the ease of system use and user satisfaction.
These studies have traditionally been concerned with the development
of camputer products, most often focusing on the software and
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hardware interfaces between camputer systems and camputer users
(e.g., Akin and Radha Rao, 1985; Carroll, 1987; Miller, 1988).
Variables suggested by these studies (e.g., Ross, 1987; Cohill and
Williges, 1985; Helander, 1985) to be related to canputer use
include: camputer experience, satisfaction with camputer tools, and

Computer user individual differences. A wide variety of
publications have examined relationships between user
characteristics and various aspects of computer use. Unfortunately,
there has been little consistency across studies in operational
definitions of variables, research methods, issues, or subject
populations. For example, a random sample of topics might include:
{a) the relationship between anxiety and system response time
(Guynes, 1988); (b) attitudes toward camputers and their use
(Anderson, Jay, Schweer, and Anderson, 1985); (c) perscnality and
learning FORTRAN (Kagan and Douthat, 1985); and (d) the relationship
between problem solving ability and programming skill (Nowaczyk,
1984) . Overall, the following variables were identified from this
literature as possible determinants of camputer use: attitude toward
camputer use, various personality characteristics, wark style,
cognitive style, problem solving style, various demographic
characteristics, interest in camputers, computer literacy, computer
experience, satisfaction with cuwrrent camputer tools, and expected
impact of computer use.
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The description of computer use. A few studies were found
largely concerned with the description of camputer use, including
both the amount of use and its distribution across various camputer
tasks (viz., patterns of use; Bikson and Gutek, 1983; Collopy,
1988; Kublanow, Durard, and Floyd, 1985; Iee, 1986; Pope, 1985;
Stubler, Charipper, and Hanes, 1987). The findings of several of
these studies suggested relationships between camputer use and job
requirements, with job requirements typically operationally defined
as professions or categories of camputer activities (e.q.,
electronic camunications, document editing).

Support or training of computer users. Caomputer support or
training articles were the least common of the five categaries of
literature reviewed. Of the studies found, most were concerrned with
"micro" issues such as the design of specific software help systems
or documentation (e.g., Cchill and Williges, 1985; Ross, 1987).
These studies generally assume relationships between support system
characteristics and computer use. Only Lee’s (1986) work
investigated "macro" computer support systems in a fashion relevant
to this research (i.e., involving organizational support system
characteristics such as support network size, types of support).
Among Iee’s findings were that a small set of co-workers he termed
"lead users" were the most popular and effective sources of computer
support, and organizational support sources were used less than
expected. Lee’s work suggests support system size and
characteristics as potential determinants of camputer use.
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Selecticn of Model Variables

Following the identification of potential predictaors of
scientists’ computer use, evidence supporting use-variable
inclusion in the study model. A wide variety of variables has been
suggested, however, little empirical evidence is available to
support these camputer use-variable relationships. In addition,
operational definitions of variables have varied widely. As a
result, evidence of all sorts was considered, including empirical,
cbservational, experiential, anecdotal, and opinion data.
Technology-specific variables (e.g., ease of use, design features)
and organizational variables (e.g., organizational structure,
organizational size) were not of interest to the research sponsors
and thus were not considered. The relationships suggested by the
available evidence are summarized in Figure 1. Variable definitions
and a review of the evidence supporting the selection of model
variables follows.

A review of the literature revealed only two studies focusing
exclusively on scientists’ use of computers (Pope, 1984; 1985). As
a result, most of the evidence for use~variable relationships comes
from work concerned with non-research enviromments. Although few
studies have examined scientists’ computer use, a mumber of
investigations have explored camputer use in other professions.
Most of this research has been concerned with computer use in the
“office." The office has usually meant the business office, with
little distinction between office computer users (e.g., clerical
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Figure 1
Model summarizing expected use-variable relationships

Individual Difference Variables

Conputer Experience

Camputer Literacy

Satisfaction with Current Tools
Perceived Impact

Interest in Computers

Nature of Work Variables

Job Requirements Camputer
Profession -—
Individual Work Activities Use
Cluster

Organizational Environment Variables

Imp. of Camputer Lit. and Skills to Management
Imp. of Computer Lit. and Skills to Colleagues
Support System Size

Number of Sources

Number of Pecple

administrative, managerial, professional; e.g., Collopy, 1988;
Kublanow, Durand, and Floyd, 1985; Weber, 1988). Few stvdies have
provided adequate information to begin to evaluate the similarities
and differences between the scientific and business offices. The
limited evidence that does exist, however, provides little support
for the generalizability of this research to the scientific office.
For example, there appear to be few similarities between the work

activities and characteristics of the work envirorments reported in
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studies of business offices (e.g., Helander, 1985; Parsons, 1985;
Stewart, 1985) and scientific offices (e.g., Harris and Brightman,
1985). These enviromments differ in levels of work autonamy, work
structure, work deadlines, and in their work evaluation methods, as
well as in detailed tasks perfarmed. Likewise, studies suggest
large differences in computer use. Pope found a cammand vocabulary
(a measure of camputer use) of 87 cammands among research
scientists. In contrast, using the same measure in business offices
Collopy (1988) and Kublancw, Durand, and Floyd (1985) found average
camand vocabularies of 14 and 15 cammands respectively. In sum,
the applicability of findings in these envirorments to the
scientific warkplace must be considered tenuous at best.

Computer experience. Numercus authors have suggested a
camputer use-camputer experience relationship, with more experienced
users employing camputers more often (e.g., Grantham and Vaske,
1985, reported greater use of a voice-mail system by more
experienced users; Miller, 1988, reported more effective personal
canputer use by more experienced users). Computer experience was
included in the study model as a likely predictor of scientists’
coputer use.

Typically previous studies have operationally defined this
variable as days or months of previous camputer use. However, it
seems likely that most authors suggesting computer experience as a
determinant of camputer use have intended it to serve as an indirect
assessment of a more camplex construct involving an ill-defined mix
of factors such as camputer expertise, knowledge, or skill. In
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studies of newly introduced technologies or in the evaluation of the
design of new technologies, where exposure to the technology of
interest is controlled, this operational definition may be an
adequate approximation to the construct of interest. However, when
the technologies employed have been available for a number of years,
the viability of this operationalization appears questionable. For
example, in a research organization it seems likely that many
scientists will have used computers for several years but still be
"inexperienced" camputer novices, and many other scientists will be
relatively new users but be Yexperienced" experts.

One alternative to measuring computer experience in this
fashion would be to have scientists subjectively rate their own
level of experience in relation to their peers. Presumsbly
scientists would interpret experience as something more than "“years
of camputer use" and their ratings would better reflect the intended
construct. In this study computer experience was operationalized
both as years of use and as self-estimated experience. Self-
estimated experience was expected to bear a stronger relationship to
coanputer use than years of use.

Computer literacy. Several studies have either directly or
indirectly suggested computer literacy as a variable closely related
to computer use (e.g., Konar, Kraut, and Wong, 1986; Mynatt,

Smith, Kamouri, and Tykodi, 1986; Pope, 1985; Tornatzky, 1985).
Camputer literacy was included in the study model as a likely
determinant of camputer use, with more literate computer users
expected to employ camputers more often. However, a review of the
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literature revealed no cammonly accepted definition or measurement
method for this variable. In fact, while the term is commonly used
in the literature, nearly every author appears to have employed a
different operational and caonceptual definition of the construct.
For example, same authors have treated literacy as equivalent to
canputer experience (e.g., Carpenter, 1986), others have defined
literacy as computer cammand vocabulary (e.g., Pope, 1985), and
still others have treated literacy as a multidimensional construct
encampassing various aspects of camputer knowledge, skill and
understanding (e.g., Konar, Kraut, and Wong, 1986; Mynatt, Smith,
Kamouri, and Tykodi, 1986).

After reviewing the literature, the most camplete consideration
and definition of computer literacy was judged to be that fourd in
Konar, Kraut, and Wong (1986); their definition was adopted for
this research. These authors defined camputer literacy as having
three equal components: awareness, skill and knowledge, with each
camponent measured on a continuum (from high to low). Awareness
represents an individual’s familiarity with the capabilities,
advantages, limitations, and impact of computer technology. Skill
represents an individual’s skill at using camputers, both in
programning and in using existing software tools. Finally,
knowledge represents an individual’s level of understanding of
camputer equipment and how systems function internally.

This definition was thought to be caompatible with the work and
ideas of a mmber of other authors working in a variety of somewhat

related areas. For example, the awareness component of literacy
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appears tc be similar to what Rockart and Flannery (1983) refer to
when they point to the need for user education in the capabilities
of software. It is also consistent with Mynatt et al.’s (1985)
literacy definition, which includes an understarding of the social
and psychological impact of camputers. The skill component of
literacy is campatible Wlth Pope’s (1985) operational definition of
literacy as being a user’s camputer command vocabulary, and with
Mynatt et al.’s (1986) definition which includes an ability to
control a program and to create a program to achieve desired ends.
Finally, Konar, Kraut, and Wong’s (1986) knowledge component of
literacy would seem to be similar to what Tornatzky (1985) refers to
in noting that employees operating advanced technologies should have
an understanding of the principles behind their use and the larger
systems of which they are a part. In this study literacy was
ocperationalized as the average of participant self-ratings of their
awareness, skill, and knowledge as defined by Konar, Kraut, and Wong
(1986) .

Satisfaction with current tools. Satisfaction with current
tools refers to scientists’ satisfaction with the hardware and
software tools used to accamplish their work. Previous authors have
consistently operationally defined this variable as self-reported
satisfaction. Nevertheless, findings from studies examining the
relationship between use and satisfaction have been mixed (Licata,
1982; Zmud, 1979). Most authors report a weak positive
relationship between use and satisfaction (e.g., Licata, 1982);
however, others have found no evidence for a use-satisfaction
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relationship (e.g., Bikson and Gutek, 1983). At least one author
has reported a negative relationship between use and satisfaction
{(Rockart and Flannery, 1983). Satisfaction with current tools was
included in the study model as a determinant of camputer use, with
greater satisfaction expected to correspond to greater use.
However, due to previous mixed findings, this relationship was not
expected to be as strang as the relationships between camputer use
and other model variables. Scientists were asked to estimate their
satisfaction with their current tools, in a manner similar to

Perceived impact. Same authars have informally observed when
studying the implementation of advanced technologies, that for
camputers to be used extensively the user must see a direct
oppartunity to improve personal productivity (Ehrlich, 1987;
Kublanow, Durand, and Floyd, 1985). In contrast, Anderson, Jay,
Schweer, and Anderson (1985) found that users’ recognition of
potential benefits was unrelated to their current use of camputers.
My experiences in product development activities suggest that the
findings of Anderson et. al. (1985) derive from asking the user
about the potential impact of camputer use, as often occurs in the
assessment of new technologies, rather than asking about the current
impact of camputer tools regularly employed by the user.

The perceived impact of computer use on overall productivity
was included in the study model as a likely predictor of computer
use. Impact was operationally defined as scientists’ ratings of the
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impact of their computer use on their overall productivity, with
higher ratings expected to correspond to greater camputer use.

Interest in computers. Pope (1985), through a series of
interviews, identified interest in camputers as an important
determinant of scientists’ computer use, with greater interest
carrespording to greater use. Only one other study was found which
mentioned interest in conputers (Konar, Kraut, and Wong, 1986).
This variable was included in the study model as a determinant of
use, with greater interest expected to correspond to greater use.

The lack of attention paid to interest in computers may be at
least in part attributable to its implicit inclusion as a part of a
larger "attitude toward camputers" variable. A surprisingly large
number of studies have investigated "attitude toward computers"
(e.g., Anderson, Jay, Schweer, and Anderson, 1985; Grantham and
Vaske, 1985; Jackson, Vollmer, and Stuurman, 1985; Licata, 1982;
Popovich, Hyde, Zakrajsek, and Blumer, 1987; Singer, Sacks,
Lucente, and Chalmers, 1983; Zmud, 1979), with most studies
addressing either the effect of attitudes on implementation success
or system use. However, a review of these stidies provides no
further insight into this variable. This variable is measured
differently by nearly every author according to whatever
unsubstantiated behaviors are thought to reflect a user’s "feelings"
about camputers. In contrast, for this research, interest in
camputers was operationalized as a scientist’s self-rated interest
in relation to his or her peers.
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Job requirements. Several studies have suggested a job
requirements-camputer use relationship, although the operational
definition of job requirements has varied considerably, and the
nature of this variable relationship has not been well defined.
This variable was included in the study model as a predictor of
computer use.

Scientific job requirements have been defined by several
authors in terms of work activities composing the "scientific
office” (e.g., Harris and Brightman, 1985; Hirschheim, 1986;
Stewart, 1985), however, the focus of these studies has not been on
differences in scientists’ camputer use. Collopy (1988) found that
use patterns (i.e., the distribution of use across activities) were
related to job requirements (i.e., the nature of work performed:
primarily verbal or analytic). The findings of Pope (1985) and
Kublanow, Durand and Floyd (1985), compared in Figure 2, likewise
suggest a difference in use patterns based on job requirements. In
this camparison job requirements is defined in terms of the type of
work enviroment studied (i.e., a research enviromment versus a
business enviromment). Finally, a use-job requirements relationship
is consistent with Weber’s (1988) finding that individuals’
perceptions of the impact of camputer use are correlated with

_Position Analysis Questionnaire job dimension scores (see McCormick,
Jeanneret, & Mecham, 1972, for a review of the Position Analysis
Questionnaire).

In the current research the job requirements construct was

operationalized in three ways with the collection of two sets of
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Figure 2
Camputer use patterns for scientists and husiness office workers
Percent of computer use time
Activity Categories 0 5 10 15 20 25 30 35 40 45
electronic mail/ PPPPPPPPPPPPPPPFP
commmnicaticens KKKKKKKKKKKKKKKKKKKKKKKKEKKKKKK
data analysis & PPFPPP
graphics KKKKKK
document creation, PPPPPPPPPPPPPFPPPPPPPPPPPPPPPPPFPPFPPP
edit, hrowse KKKKKKKKKKKKKK
file management PPPPFPPFPPPP
KK

P - percent of users’ total computer use time reported by Pope
(1985) in a research organization

K - percent of users’ total computer use time reported by Kublanow,
Durand, and Floyd (1985) in a business office

Note: Both authors recorded camputer use with the CMON use
monitaring programs used in the current investigation. Where
categories differed use was recategorized to permit
camparisons.

data: self-reported profession and work activity analysis data
(hours per week spent performing 11 categories of work activities,
and the importance of each activity in performing work
successfully). From these data the final derived operational
definitions of job requirements were (a) profession, (b) individual
work activity time and importance measures, and (c) empirically
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derived clusters of scientists (i.e., individual scientists grouped
together through a cluster analysis of work activity data).
Profession and cluster membership were expected to be related to
camputer-use and several individual work activity categories (e.q.,
the time spent on, and the importance of, data anmalysis activities).
However, no previocus research is available to permit a priori
hypotheses regarding the nature of these relationships.

Importance of computer literacy and skills to management and
Colleaques. A mumber of characteristics of scientists’ work
enviromments no doubt influence their camputer use. The
relationships between such variables and camputer use have been
studied most extensively in the context of implementing advanced
technologies in manufacturing, and to some extent in the business
office (e.g., Bikson, Gutek, and Mankin, 1981; Davis, 1986). While
it is difficult to generalize this body of literature to an
established or "“routinized" research envirorment, where computers
have been a regular part of the work process for more than a decade,
it seems likely that the norms and expectations of managers and co-
workers will influence ongoing camputer use as well as
inplementation success. To begin to explore these influences
scientists were asked to rate the importance placed on camputer
literacy and skills by their manager and colleagues. It was
expected that perceptions of greater importance would correspond to
greater computer use.
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Support system size. Anyaone who has used a camputer as part of
their work will appreciate the value of an 'effective camputer
suppart system. In most instances the term "camputer support
system" has been used to refer to the farmal rescurces made
available by an organization to its employees. These resources
might include support staff, manuals and other training materials or
courses, vendors, and in some instances conference disks. However,
this definition of support systems fails to take into account the
number of infarmal sources of support available to organization
members. Examples of informal computer support sources include work
colleagues, other friends and acquaintances, user groups, and
journals. Experience suggests that, within a research organization,
a scientist develops a network for camputer support from among the
myriad of formal and informal options available. These support
networks are probably similar to scientists’ support networks for
other types of information (for a review of network characteristics
see Allen, 1977; Keller and Holland, 1978; 1979; 1983; and Pelz
and Andrews, 1966). If this is true then the exact make-up of
individual scientists’ camputer support networks, the size of
networks, and the extent of their use can be expected to vary
cansiderably.

Very few studies directly address aspects of computer support
networks. Only Lee (1986) and Conrath, Irving, Thachenkary,
Zanetti, Ratz, and Wright (1982) have attempted to assess directly
same aspect of individual or organizational computer support
sSystems. Only Lee (1986) provides data on support system use.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionya\w.manaraa.com



Camputer Use
22

Lee’s (1986) findings highlight the importance of informal as well
as formal sources in individuals’ use of support systems. Several
" authors have addressed issues involving the design of support
systems for individual computer products (e.g., Cochill and Williges,
1985; Ross, 1987). However, these studies provide little insight
into individual or organizational support systems. The work of lee
and others highlights a tacit assumption of most researchers and
camputer product manufacturers: that more and better support will
lead to greater canputer use.

In this study, support system size was expected to be related
to computer use, with greater size corresponding to greater use.
Computer support system refers to the formal and informal support
sources available to scientists. Individual support networks or
systems are the subset of sources individual scientists employ.
Support network size was operationalized as both the mumber of
categories of sources used (e.g., journmals, colleagues,
consultants), and the mmber of pecple with which a scientist
discusses or exchanges computer-related information on a samewhat
regular basis. These two measures were similar to those employed by
Allen (1977), Keller and Holland (1983), and Pelz and Andrews (1966)
in their studies of scientific and administrative information
support systems, and Lee’s (1986) study of perscnal camputer support
system use.

Model Variable Relationships

The fragmented nature of the literature reflects an area of

investigation in its infancy, with little consistency in operational
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definitions of variables or research methods, and little empirical
evidence upon which to draw to construct a model of factors
determining scientists’ computer use. There is a clear need for
research aimed at the development of such a model, along with
associated conceptual and operational variable definitions and
appropriate research methodologies. To address this need, a
descriptive model was derived fram the literature. The model
contains variables considered likely to influence scientists’
camputer use (i.e., variables for which same evidence exists
supporting a variable-computer use relationship). This model is
intended to serve as a building block in the development of more
canplete models detailing the camplex network of variables
influencing camputer use. In arder to evaluate this model it was
necessary to develop conceptual and operational variable definitions
and appropriate research methods. The model evaluation included
assessment of: (a) the degree of relationship between camputer use
and model variables; (b) the extent to which individual scientists’
camputer use could be predicted from a linear cambination of model
variables; (c) the degree of inter-relationship among model
variables.

In addition to relationships between model variables and use,
several variables were expected to be inter-related. However,
previous research provides very little evidence upon which to build
a priari hypotheses regarding these relationships. At least four
such variable relationships have been previocusly suggested.
Specifically, Pope has discussed the likely existence of a camputer
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literacy-interest in computers relationship, and Konar, Kraut, and
Wong (1986) have suggested a job requirements-literacy relationship,
but these authors did not provide data in support of the suggested
relationships. Weber (1988) has provided limited evidence for a job
requirements-perceived impact relationship. Finally, Carpenter
(1986) has suggested a camputer literacy-computer experience
relationship (by defining these variables as equivalent). Of these
relationships, only Weber (1988) presents data adequate to support
an a priori hypothesis (that job-requirements and perceived impact
will be related).
Measurement of Computer Use

A major hurdle in the effective study of computer use involves
developing acceptable operaticnal definitions of camputer use (Trice
and Treacy, 1988). For example, use could be measured as time spent
actively using a computer, time spent logged onto a camputer (i.e.,
time where the camputer is active and the user monitors the system,
but does not interact regularly), the variety of uses to which
camputers are applied, or the amount of computer resources consumed.
Nearly all previous studies measuring camputer use have
operationalized it as self-reported amcunt or proportion of time
spent actively using a computer (e.g., hours per day or per week of
use). As a result, a questionnaire measure of hours per week of
camputer use was developed.

Several authors have called for the development of camputer-
based measurement tools (e.g., Helander, 1985; Tornatzky, 1985),

however, only one such tool was reported in previcus studies (QMS
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monitor or QMON; Collopy, 1988; Kublanow, Durand, and Floyd, 1985;
Pope, 1985). QMON provides four altermative measures of computer
use. The four measures QMON records are net elapsed time, net
active time, command vocabulary, and mmber of interactions. Net
elapsed and net active time are alternative techniques for
estimating the amount of time spent using a camputer. These
measures of time spent using a camputer and have been the primary
measures of interest in previcus studies. Number of interactions
and command vocabulary represent counts of the muber and variety of
comnands issued respectively. "Issuing commands" refers to the way
in which a computer user interacts with camputer systems that run
the VM operating system, the primary system used at the sites
studied with CQMON. These measures of use reflect the intensity and
breadth of a user’s computer use.

Rarely has evidence been presented in support of the
reliability or validity of questicnnaire-based measures of time
spent using a camputer, and no evidence for the reliability or
validity of QMON measures is available. A final study objective was
to assess and campare the reliability and validity of a
questionnaire-based measure and QMON measures of camputer use. CVON
measures were expected to be superior to the questionnaire-based
measures, due to the ability of CMON to record user data without the
subjectivity inherent in questionnaire measures.
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Study Objectives and Hypotheses

Objective one. To evaluate the relationships between model
variables and scientists’ computer use.

Hypotheses. All model variables were expected to be
significantly related to scientists’ camputer use, with greater use
correspanding to greater camputer experience, camputer literacy,
satisfaction with current tools, perceived impact, interest in
computers, importance of computer literacy and skills to management,
importance of computer literacy and skills to colleagues, and
support system size.

Objective Two. To assess inter-relationships between model
variables.

Hypotheses. Job requirements and perceived impact were
expected to be significantly related. Other variable relationships
were expected to be uncovered, however, available evidence did not
support further a priori hypotheses concerning these relationships.

Objective Three. To develop a linear predictive model of
scientists’ computer use.

Hypotheses. A linear predictive model developed from study
variables will account for a significant amount of the variance in
scientists’ computer use.

Objective Four. To develop reliable and valid measures of
study variables, and to compare and contrast questionnaire measures
of camputer use with computer-based measures of use.
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Hypotheses. Acceptable measures of study variables will be
derived. Self-estimated computer experience will prove to be a
better measure of computer experience than will years of use.
Camputer-based measures of camputer use will prove to be better
measures than a questionnaire-based measure of computer use.
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Research Site

This research was conducted at the IBM T. J. Watson Research
Center (here after referred to as Watson). Watson is the largest of
four IEM research sites and is located in Yorktown Heights, New
York. The primary mission at Watson is the conduct of basic
research in a wide variety of scientific areas and disciplines.
There are five research departments at Watson: (1) Physical
Sciences, (2) Logic, Memory and Packaging, (3) Mathematics, (4)
Canputer Science, and (5) Input-Cutput Technology. The staffs of
these departments are divided approximately equally between research
scientists (RSMs) and technicians. Technicians, who were not
included in this study, include most organizational support staff
(e.g., research assistants and sexretaries). Participants for this
research were drawn from the Rs of the first three departments.
Camputer Science was excluded for several reasons, but most
importantly because their work is not science in the traditional
sense. Rather it involves what might best be termed creative
engineering and programming. Input-Output Technology, the smallest
department at Watson, was excluded in part because they are
geographically separate from the units included in the study and may
be subject to different environmental influences. This research was
sponsored by the Camputing Systems department, a support (i.e., non-
research) department responsible for providing scientists with
camputer resources and support.
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Participant Sampling Strateqy

Participant recruitment proceeded in the following manner.
First, the research team (the research sponsors and I) met
individually with each department’s senior managers, both to ensure
their cooperation and to obtain lists of department RSMs. All
senior managers agreed to allow their RSMs to take part on a
volunteer basis. One hundred twenty-five scientists were selected
randomly from a population of 422 RSMs. Lists of scientists were
provided by their senior managers. I approached scientists
individually to solicit their participation. Participation was
voluntary and could be discontinued at any time. Eighty percent of
those approached agreed to participate (n = 104; see Table 2), 12
percent declined, and eight percent agreed to participate on an "“if
needed” basis. That is, they preferred not to take part or had a
schedule conflict, but they consented to participate if needed (they
were excluded from the study). Reasons for declining to participate
were recorded, and nearly all involved the time the study would
require or schedule conflicts. Each scientist who agreed to
participate signed up to attend one of several data collection
meetings.

The mean age of scientists in the study was 40. 2Ages ranged
fram 27 to 64, with scientists fairly evenly distributed across this
range. The average scientist had spent 10.5 years working for IEM,
and 10 years working for the IBM research division. One hundred
participants held Ph.D.s, three held Masters degrees, and one held a
Bachelors degree. Self-reported professions are listed in Table 3.
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Table 2
Participant population and nmumbers of scientists participating in
the study questionnaire and computer-based measurement
Sample Sample
Department tion ionnaire CaVON
Mathematics 78 18 10
Logic, Memory and Packaging 237 59 52
Physical Sciences 107 27 19
Total 422 104 81
Table 3
Participant self-reported professions
Number of
Participants Discipline
8 Computer Science
34 Physics
8 Mathematics
5 Engineering
15 Materials Science
11 Chemistry
1 Physics/Chemistry
i3 Electrical Engineering
2 Physics/Electrical Engineering
2 Physics/Engineering
1 Silicon Technology
1 Astrophysics
2 Linguistics
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Procedure

There were two components of data collection: CQMON recording
of participant computer use, and a questionnaire to measure all
model variables and camputer use. During initial recruitment
participants signed up to attend cne of several scheduled 75 mimute
data collection meetings. The mmber of participants per meeting
ranged fram three to seven, with an average of approximately five
scientists per meeting. Approximately three meetings per week were
held cover seven weeks until all questionnaire data were collected.
Meetings were held in various conference rooms at Watson over a
variety of times of day and days of the week to accommodate
scientists’ schedules.

Data collection meetings began with a brief overview of the
study. This discussion reviewed the purpose and requirements of the
study, which had been previocusly discussed during recruitment. The
next step in the meetings involved completion of the questionnaire.
Scientists were encouraged to take their time to consider carefully
their responses. I remained in the room to answer any questions.
Administration of the questionnaire required approximately 40
ninutes.

Within a month following participation in a data collection
meeting I met individually with the participants to install the CMON
data collection program. All 104 participants completed the
questionnaire portion of this study, 81 also campleted the CGMON data
collection (see Table 2). Most of those who did not complete the
camputer-based data collection were unable to do so either due to
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technical problems with the program, long periods of time away from
the Watson research center, or an urwillingness to camit the time
necessary to provide CMON feedback. No significant differences were
found in characteristics of those who did and did not provide QVON
data.
Data Collection Instruments

To develop the tools for exploring scientists’ use of
camputers, use was classified into three general categories: (a)
mainframe use, (b) PC/Workstation use, and (c) use of computerized
laboratory equipment. Mzinframe use refers to the use of large
milti-user "mainframeM computer systems. These systems are
typically located in centralized areas, are maintained by computer
support staff, and are usually accessed via a terminal from one’s
office or home. At Watson these systems run the Vi{ and
MVS operating systems. Mainframe systems typically have
considerably more processing power and storage capacity than do
PC/Workstations. A PC/Workstation typically resides in the
scientist’s office or lab and is intended for his or her exclusive
use. PC/Workstations typically run a version of one of the
following operating systems: MS-DOS, 0S2, or UNIX. In addition to
serving as a computer for accomplishing work, PC/Workstations can
act as terminals to mainframe computers. In this study any use of a
PC/Workstation as a terminal was treated as mainframe use. Finally,
many scientists today use laboratory equipment that includes some
form of computer-processing capability. The use of such equipment
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The use of mainframe computers via the VM or MVS operating
systems and the use of PC/Warkstations was examined in section C of
the questionnaire (Appendix A). In addition, VM-based mainframe use
was explored via QON, which permitted the uncbtrusive recording and
measuring of aspects of scientists’ camputer use.
Computer Use Monitoring Programs

A set of usage monitoring programs (CMS Monitor: CMON) were
used to record and measure aspects of participants’ mainframe
camputer activity on the VM operating system. These were enhanced
versions of the OMON programs used by Pope (1985), Collopy (1988),
and Kublanow, Durand, and Floyd (1985). To understand the data
collected with QMON it is necessary to understand how a camputer
user interacts with a mainframe computer that runs the VM operating
system. VM operates in half-duplex mode. A result of operating in
half-duplex mode is that the camputer only responds (i.e., processes
information) when the ENTER key is pressed (or other keys set to act
as enter keys, such as personal function keys). When the ENTER key
is pressed key words (commands) located in a specific entry area on
the computer screen are processed. For example, if a user wanted to
write a report he or she might type the following command in the
specified entry area and press the ENTER key:

XEDIT REPORT ONE
In this example XEDIT is the command issued; it will cause the file
REPORT ONE to be opened for editing by the user. The XEDIT camand
would now be considered active until the file REPORT ONE is closed
and exited. After opening the file the user would type in the file
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contents. However, these entries would not be processed by the
mainframe system until a camand is issued, such as a command
instructing the computer to enter and save this new information.
Thus after typing in the file contents the user might issue a SAVE
camand (type SAVE and press ENTER). When finished the user closes
and exits the file, as mentioned above.

In contrast, most PC/Workstations operate in full-duplex mode.
In this mode the camputer respords to every Key press. Thus if the
user were creating and editing REPORT ONE on a PC/Workstation,
rather than on a mainframe, the PC/Workstation would respond to
(i.e., process) each keystroke. Thus each keystroke would be
entered into the camputer immediately, eliminating the need for
issuing a SAVE camand.

Far this study GMON was programmed to operate as follows. For
each scientist it recorded every VM cammand issued during 12
randomly selected work days over a period of approximately two
months. For each recorded command the following data were
collected: net elapsed time and net active time. Net elapsed time
is the time elapsed between a command being issued and the
canpletion of the processing of that command. To obtain the net
active time for a command net elapsed time is divided into 90 second
periods, and those periods during which “activity" takes place
(i.e., nested commands are issued) are summed. Figure 3 illustrates
these measurements.

Four alternative operationalizations of the camputer use
construct are derived from data collected with CMON. These

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyz\w\w.manaraa.com



Conputer Use

Figure 3
Illustrations of the recording of net active and net elapsed QVON
measures
90s 180s 270s 360s 450s 540s
Time A | | | | | Time B
/
A A A ol ~  Comand
One Two
(Cpen a (Save &
file to close a
edit) file)
command command command command command

Measure Definitions
Net elapsed time = 540 seconds
Net active time = 360 seconds (1st, 3rd,5th, and 6th 90s periods)

measures were net elapsed hours per week, net active hours per week,
camand vocabulary, ard interactions per week. Net elapsed and net
active time are alternative measures of time spent using a camputer.
These measures are intended to be equivalent to traditional
questionnaire-based measures of time spent using a computer. Nearly
all previous studies that have reported use-time, with
questionnaires or with Q4ON, have done so in units of hours per day
or per week. To be consistent with previous research net elapsed
time and net active time were also calculated as hours per week.
This was achieved by suming the net elapsed times or net active
times for all recorded cammands, dividing the sum by 12 (the number
of recorded days), and then multiplying by five. Command
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vocabulary, as the name implies, represents a count of the number of
unique cammands recorded for a scientist. Interactions per week
represents a scientist’s average mumber of commands issued per week.
These measures are consistent with those derived from CQMON data by
Collopy (1988), Kublanow, Durand, and Floyd (1985), and Pope (1985).
These measures reflect the intensity and variety or breadth of a
scientist’s computer use.

Data were collected in a fashion transparent to participants.
For each participant, collection with QMON involved three steps.
First, I met with the participant to set up the GMON program to
operate on the individual’s userid. This involved entering two
camands into the participant’s profile (a set of cammands
automatically executed when one logs onto the VM system), and at
times making other profile adjustments to ensure CMON operated
correctly. It was also necessary to make several entries into a
special CMON userid that was used to collect and store participants’
data files. Once set up, the operation of CQMON was reviewed.

The second step of GMON data collection involved building and
adjusting a "filter file" for each participant. This file contained
a list of camands that had to be deleted from a participant’s
recorded commands. There were two sorts of cammands that had to be
filtered fraom participant records: system commands and minor editing
camands. The nature of VM is such that camands issued by a user
often cause additional system commands to be issued. These commands
are not directly issued by a user and would not be recognized when
feedback was requested, but they are recorded by QON. It is not
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possible in advance to know the unique cammand vocabulary of
individual scientists, and QWON cannot be designed to ignore system—
issued cammands without first knowing a scientist’s command
vocabulary. Thus several days of recording were necessary during
which I typically met with each participant several times to review
the recorded files and identify commands that should be filtered
out.

In addition, when a user issues a caommand to invoke a
particular software tool or software package such as an editor he or
she will issue mmerocus cammands while using that tool. For
example, an individual might move a cursor up and down, cut and
paste text, or move blocks of text. Minor editing commands such as
these are not the concern of this research and were likewise
identified and filtered out. The final step in collecting an
individual’s QMON data involved actual data recording and feedback.
I met regularly with each individual to review his or her files
(i.e., after every two to four days of data collection depending on
the camplexity of individual files) to ensure accuracy of filtering.
CVMON Data Reliability and Validity

There were two potential threats to the reliability of CMON-
based measures. First, various problems with the VM computer
systems could cause portions of QMON data to be lost. To avoid this
problem I met periodically with each participant to review recorded
data and ensure its integrity. Over the course of the investigation
two files were judged to be incamplete; they were discarded and new
files were recorded. The second threat to reliability involved the
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filtering of participant records to remove cystem-issued coammands
and minor editing commands, and their associated measures. Accuracy
in filtering was controlled through the use of filter files, as
previocusly described, and by reviewing all recorded files during
periodic meetings with participants. In these meetings, when a
cammand was identified by the participant as appropriate for
filtering (missed by the filter file), it was marually removed from
the data file.

Previous studies employing CMON have not provided evidence for
the validity of its measures, implicitly relying on the high face
validity associated with measures recorded by a camputer system.
In addition to this face validity, in this study types of data were
ccllected to assess the validity of CQMON measures. While none of
these lines of evidence independently provides strong evidence of
measure validity, taken together they provide a basis upon which to
judge the resulting measures.

First, the content validity of QMON measures was assessed by
evaluating the degree to which the measures derived are
representative of overall camputer use. Next, the construct
validity of the four QMON measures was assessed in three ways: (a)
by comparing CGMON data in the current study to CMON data in other
studies; (b) by comparing the results of the questionnaire measure
of use to the QMON measures of use; and (c) by examining expected
model-computer use relationships.

The representativeness of GON measures was explored in two
ways. First, the extent of non-VM system use (measured as the
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number of categories of activities for which scientists reported
using a non-VM system as their primary computer system) was
examined. The greater the use of non-VM systems (systems not
recorded by QMON) the greater the risk that QMON data will not be
representative of overall use. Second, correlations between QN
measures and the use of non-VM systems were calculated. A
significant negative correlation would suggest that greater use of
alternative systems was associated with reduced QN measures of
use. This finding would suggest that some bias may exist in the
QN measure (i.e., the representativeness of the CMON measure may
vary with the level of computer use).

As expected, VM-based mainframe systems were scientists’ most
camonly used camputer systems. However, the extent of non-VM
systems use was greater than had been previously reported (Pope,
1985). Scientists reported using non-VM system in performing 2.4 of
11 categories of work activities, and a VM-based system for 5.3 of
11 categories of activities. Correlations between QMON measures and
the mumber of categories of activities perfarmed with non-VM systems
were calculated. Significant negative correlations were found for
net active hours per week (r = -.26, af = 79) and net elapsed hours
per week (r = -.22, df = 79), but not for interactions per week (r =
.10, df = 79, p > .05) ar cammand vocakulary (r = -.09, df =79, p >
.05). These firdings provide limited support for the |
representativeness of interactions per week and command vocakulary
measures, and do not support net active or net elapsed hours per
week.
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CON measures obtained in previous studies were consistent with
(provided support for the validity of) cammand vocabulary, kut not
net elapsed or net active hours per week measures. CQON measures
were expected to be samewhat lower than those previcusly reported by
Pope (1985) in his study of camputer use-intensive scientists, but
at least as high has those found by Collopy (1988) and Kublanow,
Durand, and Floyd (1985) in their studies of business offices.
Scientists’ average command vocabulary was consistent with this
expectation (i.e., 39 cammands compared to 87 for Pope, and 14 and
15 camands respectively for Collopy and Kublanow et. al.). OQON-
based hours per week of use measures (i.e., net elapsed and net
active hours rer week), however, were not consistent with this
expectation. Average weekly usage in previocus studies ranged from
6.7 to 8.3 hours per week. In the current study scientists’
averaged 2.3 hours per week of camputer use measured as net elapsed
time and .5 hours per week measured as net active time. There are
at least three factors that may have resulted in these differences.
First, filtering of system issued commands was less camprehensive in
previous studies (e.g., individual files were not reviewed with
participants, filter files were not individually tailared). Secord,
use of PC/Workstations was greater than in previocus studies.
Finally, the accuracy of the cues used to signal the beginning and
ending of recording may vary with the "camputing envirorment" (i.e.,
the common uses for which camputers are employed, and the ways in
which they are used, by the subject population).
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All correlations between study measures of computer use were
statistically significantly (see Table 4). The correlations between
the questionnaire measure (designed to assess construct validity,
see page 42) and all CMON measures were relatively small, providing
mixed support for the validity of CMON measures. Correlations
between GMON measures showed relatively strong convergence, with the
correlations between cammand vocabulary and the two QMON measures of
hours per week of use (i.e., net elapsed hours per week and net
active hours per week) being somewhat smaller than the others.
Overall, these correlations provide little distinction between CMON
measures, but suggest that command vocabulary may be the least
similar of the four.

A caomparison of the questionnaire-based measure of hours per
week of use and the two QN measures (net active hours per week of
use, net elapsed hours per week of use) did not support the validity
of the (MON measures. Scientists’ average hours per wesk of use
measured with the questionnaire was 19.6 hours. This measure was
consistent with my informal observations and interactions with study
scientists, in that most scientists appeared to actively use
canputers many hours per week. However, this finding was
dramatically different from mean hours per week of use measured with
GMON (i.e., 2.3 hours per week measured as net elapsed time, .5
hours per week measured as net active time).

Correlations between CMON measures and variables hypothesized
to be related to use provide relatively strong support for the
validity of command vocabulary and interactions per week, but not
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Table 4
Correlations between all study measures of computer use

ou NA NE W (0474
Questionnaire (QU) -

Net active hours per week (NA) .38 -—

Net elapsed hours per week (NE) .25 .91 —

Interactions per week (IW) A .40 .75 .61 -
Cammand vocabulary (CV) .34 .54 .42 .80 -

Note: All correlations statistically significant, daf = 79, p < .05

for net elapsed or net active measures. Command vocabulary and
interactions per week were significantly correlated with five of
nine interval scaled measures (see Table 5). Net elapsed and net
active hours per week were significantly correlated with none and
three of these measures respectively.

Taken together these findings were judged to provide adequate
support for the validity of command vocabulary and interactions per
week CMON measures, but not for net elapsed or net active measures.
As a result, net elapsed and net active hours per week of use were
not included in further study analyses.

Study Questionmnaire

The study questionnaire (included in Appendix 2) was developed

to assess model variables and computer use. The process used to

Reproduced with permission of the copyright:owner. Further reproduction prohibited without permissionyyanwy.manaraa.com



Carputer Use
43

Table 5
Correlations between CQMON measures and model variables

QMON Measures INT EXp IIT IMP SUPN SUP5 SAT TMPC TMPM

Net Elapsed H/W -.02 .16 .09 .20 .12 .23 J11 .12 .06
Net Active H/W .17 .28% .19 .24*% .19 .24*% .03 .21 .16
Cammand Vocab. JAl* 47% 41k .20 .41% .24% .01 .21 .20

Interactions/W .26*% .35% .25% .19 .25% .23* .08 .17 .07

af =79, * p. < .05

Variable key:
Net Elapsed H/W = Net elapsed hours per week
Net Active H/W = Net active hours per week
Command Vocab. = Command vocabulary
Interactions/W = Interactions per week

SUP5 = Support system use — Network size

SAT = Satisfaction with current tools

IMPC = Importance of computer literacy and skills to colleagues
IMPM = Importance of computer literacy and skills to management

develop reliable and content valid questions is described below.
Questions were designed to reguire responses using five point rating
scales in a fashion similar to that used in personnel department
questionnaires with which scientists were familiar (i.e., with 5
being the low or poor end of the scale and 1 being the good or high
end). The direction of the scales was reversed for study analyses
(e.g., 5 to 1, 4 to 2) to aid interpretation. Other questions
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solicited ane or two word written responses or time estimates. The
development of the questionnaire proceeded in the following manner.
For all variables a review of the literature was conducted to
identify appropriate measures. No cammonly accepted variable
measures or definitions were found. Thus it was necessary to
develop appropriate measures fér the variables studied. Once
mltaal measures were developed, they were iteratively reviewed and
rewritten by the research team (the research sponsors, members of
the experimenter’s department, and the research directar, and I)
until judged to be satisfactory (i.e., all feedback fram research
team members was incorporated to their satisfaction). This process
included a trial data collection session using my work group. This
group included both traditional scientists and camputer scientists.

The questionnaire was administered twice to members of the
Computer Science department to assess test-retest reliabilities.
Twenty-four people campleted the first administration; twenty-one
campleted the second. The time between administrations ranged from
two to four weeks, with an average of approximately three weeks.
Pearson product mament correlation coefficients were calculated for
each scale, a total of 33 correlations in all (all degrees of
freedom = 19). The variables, their measurement scales, and test-
retest reliabilities are described below.

Job requirements. Two types of job requirements measures were
collected. First, scientists were asked to indicate their
profession (see Appendix A, section A: Demographics, question five).
Reported professions are listed in Table 3 (only professions with at
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least five members were included in study analyses). Next, in the
questionnaire section titled "B: Job Activities" scientists were
asked to indicate how many hours per week, on average, they spent in
the past year performing each of 11 activities, and the relative
importance of each activity in performing their work .successfully.
This approach to studying scientists’ jobs was designed to share and
canbine a mumber of features and advantages of several work analysis
methods, especially those employed by Bikson and Gutek (1983) and
Harris and Brightman (1985). The intention of this analysis was to
focus on meaningful units of scientists’ work (e.g., generating or
collecting data, data analysis or interpretation) that would be
easily identifiable, commmicable, enduring, and that would allow
easy camparison of scientific jobs. In addition, in order to study
how camputers are applied to scientists’ work activities, it was
necessary to focus on units of work that would remain part of
scientists’ jobs with or without the use of computers.

The activity list used in this study was develcoped in the
following mamner. First, as an aid in kbreaking up scientists’ work
into appropriate units for study, scientific work was conceptualized
as typically proceeding through the phases of genesis, conduct and
analysis, and commnication (Harris and Brightman, 1985). Research
genesis involves those activities associated with the inception of a
research idea and its development into a research project. Research
conduct and analysis involves carrying out research and analyzing
and interpreting results. Commmnication includes activities

involved in preparing and presenting or publishing research
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findings. Next, an initial list of activities was derived from the
literature (e.g., Bikson and Gutek, 1983; Harris and Brightman,
1985; Helander, 1985; Parsons, 1985; Weber, 1988), from informal
interactions with scientists, and from the expertise of the research
team. Activity definitions and examples were developed. This list
was then iteratively reviewed, critiqued and revised by the research
team. Activity list development also included having members of the
my work group and several other scientists generate their own lists,
which were then integrated with the existing list. Finally, test-
retest reliabilities were calculated for hours per week estimates
and importance ratings (see Table 6). For the Administrative,
Methods, and Data Analysis work activity categories importance
rating reliabilities were noticeably lower than for hours per week
estimates, due to greater range restriction in importance ratings
(i.e., ratings were relatively uniformly high for Methods and Data
Analysis, and low for Administrative activities). The final
activity list includes eight "scientific" activities consistent with
Harris and Brightmans’ research phases, and three non-scientific
work activities (see Appendix A, section B: Job Activities, for
activity definitions).

Use of non-VM computer systems. To aid in assessing the
representativeness of (MON measures (see page 37) a count was taken
of the number of activities scientists reported performing with the
aid of a PC/Workstation, an MVS-based mainframe system, or another
non-VM system (systems not recorded by CMON; viz., non-VM count;
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Table 6

Test-retest reliabilities for work activity hour per week estimates
and importance ratings

Work Activities H/W___Imp.
Administrative: business activities or work management .91 .66
Review: previous research .66 .68
Ideas: develop, propose or sell your research ideas .79 .78
Methods: develop methods, including tools, procedures .92 .67
Theoretical/analytical work .86 .82
Generate or collect data .64 .82
Data analysis or interp. (including visualization) .87 .66
Commnicate your research, including papers, reports .71 .72
Supervisory activities .81 .83

Help: obtaining or providing information or assistance .73 .72
Professiaonal: educational activities, societies, etc. .85 .77

see Appendix A, section C: Systems, question two). The test-retest
reliability for this measure was r = .74.

Conputer experience. Two measures were developed to assess
computer experience. These were: (a) participants’ self-judgments
of their overall level of experience in relation to their peers, and
(b) years of camputer use (Appendix A, section D: Camputing
Experience, questions one and two). Test-retest reliabilities for
the two measures were approximately equal (self estimated
experience, r = .80, years of use, r = .81). The correlation
between these measures was r = .31.

One study hypothesis was that self-estimated experience would
provide a better measure of the camputer experience construct than

the more common "years of use" measure. The relatively low
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carrelation between these measures suggests that they do not
precisely measure the same construct. To further evaluate the
validity of these measures, relationships between camputer
experience and other model variables were examined (see Table 7).
while no formal a priori hypotheses were proposed concerning
relationships between camputer experience and other model variables,
it is likely that the superior experience measure would bear more
and stronger relationships to study variables.

Self-estimated camputer experience was significantly correlated
with nine of ten variable measures. In contrast, only two of ten
correlations with years of use were statistically significant. One-
way analysis of variance was used to examine the relationships
between job requirements (profession) and experience. As expected,
group differences were significant for self-estimated experience
(see Table 8), but not for years of use (see Table 9). These ANOVA
results demonstrate that self-estimated experience was significantly
related to job requirements, while years of use was not.

Overall, camputer use and nearly all model variables were found
to be significantly related to self-estimated experience. In
contrast, most of the relationships between these variables and
years of camputer use were not statistically significant. As a
result, self-estimated experience was judged to be a better measure
of camputer experience and was used in later analyses.

Computer literacy. A three part measure of computer literacy
(see Appendix A, section D: Computer Experience, questions four,
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Table 7
Correlations between computer experience and model variables
Variables Measures of Computer Experience
Years of Use Self-Est. Experience
Camputer use
Hours/week of use .15 .58%
Command vocabulary .08 47*
Interactions per week .02 .35%
Support system size
Number of sources .07 49%
Network size .13 .45%
Imp. of camputers to colleagues .11 «26%
Imp. of computers to management  .22% «47%
Camputer literacy .23% .78%
Interest in camputers .18 .73%
Satisfaction with carrent tools .07 -.17
*p< .05

df = 102 for non-COMON measure correlations
df = 79 for other correlations

Table 8

Results of ANOVA with Profession as the independent variable and
self-estimated computer experience as the dependent variable
Source DF Sum of Squares F-Value

Model 6 21.17 4,15 *

Error 87 73.94

Total 93 95.11

*p < .05

Table 9

Results of ANOVA with profession as the independent variable and
years of use as the dependent variable

Source DF Sum of Squares F-Value
Model 6 510.68 1.89 n.s.
Error 87 3920.47

Total 93 4431.15
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five and six) was developed based on the three part definition of
literacy proposed by Konar, Kraut, and Wong (1986). These authors
defined computer literacy as having three components: awareness,
skill, and knowledge with each camponent measured on a contimmum
(fram high to low). Awareness represents an individual’s
familiarity with the capabilities, advantages, limitations, and
impact of computer technology. The second component represents an
individual’s skill at using a camputer. Knowledge represents the
individual’s level of understanding of the equipment and how systems
function internally. These authors’ definitions of the three
literacy camponents were adapted to create three literacy self-
estimate questions. These measures were averaged to cbtain a single
literacy scale. The test-retest reliability for this scale was r =
.93. The lower bound for the intermal reliability of this camposite
scale, measured as coefficient alpha, was .86.

Hours per week of use. Scientists were asked to estimate the
average number of hours per week they spend actively using a
conputer (see Appendix A, section D: Computer Experience, question
three). The test-retest reliability for this question was r = .68.

Satisfaction with current tools. Scientists were asked to
indicate their overall satisfaction with their current set of
canputer hardware and software for accamplishing their work (see
Appendix A, section E: Current Status, question one). The test-
retest reliability for this question was r = .71.

Interest in computers. Participants rated their level of
interest in computers campared to other scientists at Watson (see
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Appendix A, section F: Camputing Envirorment, question one). The
test-retest reliability for this question was r = .93.

Importance of computer skills to colleaques. In order to
assess the likely influence of co-workers and colleagues on
scientists’ computer use, participants rated the importance their
colleagues place on camputer skills (see Appendix A, section F:
Camputing Envirorment, question two). The test-retest reliability
for this question was r = .77.

Importance of camputer skills to management. To assess the
influence of management on scientists’ camputer use participants
rated the importance of camputer literacy and skills to their
management (see Appendix A, section F: Computing Enviromment,
question three). The test-retest reliability for this question was
r = .51. An examination of question responses revealed that this
low correlation was largely due to limited variability in
participant responses (i.e., 11 participants provided the same
response on both administrations, four decreased by one on the
second administration, and five increased by one). In addition,
responses were consistent with expectations. That is, everyone
reported computer skills to be impartant to their management on both
administrations (i.e., nearly all ratings were one and two). A
measure of exact agreement (coefficient Kappa) was calculated, with
Kappa = .67. The question was retained in the questionnaire.

Support system size. Two measures of the size of scientists’

canputer support systems were developed. The first was a count of
the mumber of categaries of sources scientists reported using at
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least three or four times a year. (viz., number of sources; see
Appendix A, section G: Support System, question three). The second
measure asked scientists to indicate the mumber of people with which
they discuss or exchange computer-related information on a somswhat
regular basis (viz., support network size; see Appendix A, section
G: Support System, question five). The test-retest reliabilities
for these questions were r = .78 and r = .96 respectively. The
correlation between these measures was r = .38. The internal
reliability (coefficient alpha) for mmber of sources was .70.

A principal components analysis was performed on the two
measures of camputer support system size (i.e., mumber of sources
used, mmber of people consulted). A single camponent was obtained
with an eigenvalue of 1.38 (see Table 10). As a result, the two
support measures were converted to z-scores, and averaged to obtain
a single measure of support system size which was used in all
further analyses. The internal reliability (coefficient alpha) for
this measure was .69.

Inmpact of computers. Scientists were asked to rate the overall

effect of their camputer use on their productivity and on their work
(see Appendix A, section H: Impact of Camputing, question one). The
test-retest reliability for overall productivity was r = .90.
Variables Derived from Questionnaire and CMON Measures

In the development of acceptable study measures three variables
involving several measures required further analyses. Multiple
canputer use measures were found to be reliable and valid and were
significantly inter-correlated, thus factor analyses were performed
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Table 10

Results of principal components analysis using support system
measures .

Support measures Factor loadings Comumalities
Number of sources .83 .69
Support network size .83 .69
Eigen value 1.38

to determine whether these measures represented single or multiple
factors. Likewise, three individual difference variables —
camputer literacy, computer experience, and interest in camputers —
were highly correlated; a factor analysis was performed to
determine whether they represented a single factor. Finally, a
cluster analysis was performed on work activity data to determine
whether scientists could be grouped into a limited set of unique
clusters, as an additional operationalization of the job
requirements variable.

Measures of computer use. A principal components analysis was
performed with the two QON-based measures of computer use and the
questionnaire measure. A single camponent "computer use" solution
was extracted with an eigenvalue of 2.06 (see Table 11). These
three measures were converted to z-scores and then averaged to
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Table 11
Results of principle component analysis using measures of computer
use
Computer use measure Factor loadings Commmalities
Hours per week of use .64 .41
Command vocabulary .90 .81
Interactions per week .92 .84
Eigenvalue 2.06

obtain a camposite measure of computer use employed in all further
analyses. The internal reliability (coefficient alpha) for this
measure was .73.

variables (camputer literacy, computer experience, and interest in
canputers) were very highly inter-correlated (see Table 12). As a
result, a principal components analysis was performed and a single
individual difference "capability with computers" component was
identified with an eigenvalue of 2.52 (see Table 13). These three
measures were converted to z-scores and averaged to obtain a
canposite measure interpreted as an individual’s capability with
camputers. This composite measure replaced computer literacy,
canputer experience, and interest in computers in all later study
analyses. The internal reliability for the new composite measure
(coefficient alpha) was .90.
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Table 12

Correlations between computer literacy, computer experience, and
interest in computers

Variables Comp. Literacy Comp. Experience Int. Computers
Computer Literacy —

Camputer Experience .78% —

Int. in Camputers JTT* J73% —_

df = 102, * p < .05

Table 13

Results of principle component analysis using @pgt_;g experience,
computer literacy and interest in computers

Model variables Facter loadings Commumnalities
Interest in camputers .91 .82

Camputer experience .93 .83

Camputer literacy .91 .86

Eigen value 2.52
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Measures of -job requirements. As part of the
operationalization of the job requirements variable, the FASTCLUS
cluster analysis procedure (SAS Institute, Inc., 1985) was employed
to determine whether scientists could be meaningfully divided into
distinct groups based on their hours per week estimates and
importance ratings for the 11 work activity categories. All
variables were converted to z-scores for this analysis. Since
clustering methods do not result in an optimm clustering solution
separate cluster analyses were performed for solutions containing
from two to 15 clusters. A logical analysis of these solutions was
then performed.

Criteria for choosing between cluster solutions included
maximizing the distance between cluster centroids and minimizing the
distance between the furthest member of a cluster and its centroid.
In addition, as a practical matter, solutions that resulted in one
or two clusters containing a lot or very few scientists were less
desirable than solutions in which participants were more evenly
distributed across clusters. Likewise, a good cluster solution was
expected to result in statistically significant and easily
interpretable differences between clusters on clustering variables.
Finally, the resulting groups were expected to differ significantly

A cluster solution containing three clusters was found to meet
all of the above criteria. The groups were found to differ
significantly on nearly all clustering variables (see Table 14), and
in camputer use. Differences between groups on a few key variables
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Table 14
Mean hours per week estimates and importance ratings for groups of
scientists identified through cluster analysis
Work Activities Hours /Week Importance

1k Dkk  Jkkk 1k Dkk 3k
Administrative 2.1 4.1 3.6 *a 1.4 2.1 1.7 *a
Reviewing Research 2.5 3.1 2.4 2.5 2.5 2.4
Idea Development 4.1 5.0 1.9 *b 3.2 3.3 2.1 %
Methods 8.4 3.8 16.6 *c 3.4 2.5 3.7 *f
Theoretical/Analytical 1.4 4.4 5.1 *d 1.1 2.8 3.0 *d
Generating Data 11.2 5.1 4.6 *d 3.7 3.0 2.8 *d
Data Analysis 7.0 5.7 4.3 *e 3.7 3.2 2.9 *e
Cammnicating Research 4.8 7.7 4.5 *f 3.0 3.6 3.4 *f
Supervisory .7 3.2 1.1 *f 0.7 1.7 1.0 *f
Obtaining/Providing Help 2.0 2.3 1.8 1.6 2.1 1.9
Professional 9 2.7 2.3 *d 1.5 2.6 2.4 *4
*p < .05

* Experimentalists
** Comunicators
**% Methodologists

Results of a Newman-Keuls post hoc test indicated that:

a - group 2 differed from group 1

b - group 3 differed from groups 1 and 2
c - all groups are different

d - group 1 differs from groups 2 and 3
e - group 1 differs from group 3

f - group 2 differs from groups 1 and 3
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suggest that cluster membership was largely determined by the
general scientific research cycle, as described by Harris and
Brightman (1985). Specifically, one group was found to spend
significantly more time generating and analyzing data and rated
these activities as more important than the other two groups. This
group also fell distinctly between the others in time spent
preparing to run experiments (viz., the methods category). These
findings suggest a group of scientists in the conduct phase of their
research cycle involving necessary experimental set up work, running
experiments, and analyzing data. This group was labelled the
"experimentalists." A second group was found to spend significantly
more time and rate as more important commnicating their research,
professional activities, and developing research ideas. These
findings suggest a predominance of work involving the communicaticns
and research genesis phases (i.e., the beginning and end) of the
research cycle. This group was labelled the "commnicators."
Finally, the remaining group was distinguished by its methodological
work (viz., the methods category). This group was camposed largely
of scientists involved in developing the methodological tools needed
to conduct experiments (including programming for similation-based
research). This group was labelled the "methodologists.®

Finally, to ensure cluster membership represented an
operatiocnalization of job requirements distinct from profession, a
chi-Square test was performed. The resulting Chi-Square value was
not statistically significant (Chi-Square = 16.89, df = 12, p >
.05), supporting the use of both cluster and profession as job
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requirements measures. Overall, with the identification of
clusters, three methods of measwring job requirements were
available: time estimates and importance ratings of individual wark
activities, profession, and cluster membership.
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RESULTS
Variable Relationship to Computer Use

The first objective of this research was to determine whether
model variables were significantly related to scientists’ computer
use, as hypothesized. All variables were expected to be related to
use, with greater computer experience, camputer literacy, interest
in camputers, satisfaction with currem: tools, importance of
literacy and skills to management, importance of literacy and skills
to colleagues, and support system size all corresponding to greater
camputer use. Likewise, job requirements was expected to be
significantly related to camputer use, although no hypotheses were
formed about the nature of this relationship.

Individual difference variables. With the identification of a
capability with computers factor (Gerived from measures of computer
literacy, camputer experience, and interest in computers) there were
three individual difference variables within the study model:
capability with computers, satisfaction with current tools, and
perceived impact. Table 15 reveals that, as expected, capability
with computers and perceived impact were significantly correlated
with computer use, however, satisfaction with current tools was not.
The direction of the two significant relationships was consistent
with expectations, with greater capability with computers and
prerceived impact positively covarying with greater camputer use.
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Table 15

Correlations between model variables and camputer use

Variables U ss cc sc PI Ic
Camputer Use (CU) -

Support System Size (SS) I 1-T J—
Cap. with Camputers (CC) 53%  ,62% ——

Sat. with tools (SC) .03 .09 -.16 —

Perceived Impact (PI) .24%  .36% ,47% -.03 —-

Imp. to Colleagues (IC) 19 .17 .39% .07 .16 @ —-—
Inp. to Management (IM) .28%  .20%  ,52% .01  .22% ,74%

df =79, * p < .05

Nature of work variable. Three alternative operationalizations
of the job requirements variable were developed in this
investigation: individual work activity time and importance
ratings, professions, and cluster groupings. Table 16 contains
correlations between computer use and both work activity time
estimates and importance ratings. Two of the resulting 22
correlations were statistically significant (viz., hours per week
estimates for the methods category, importance ratings for the
theoretical/analytical category). The two significant correlations
were small and no work activity was significantly correlated with
camputer use both in terms of time estimates and importance ratings.
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Table 16

Correlations between computer use and work activity hours per week
Work Activities Hours/Week  Importance
Administrative .05 -.15
Reviewing Research -.03 .05
Idea Development -.17 : .21
Methods .30% -.05
Theoretical/Analytical .11 -.22%
Generating Research -.20 -.05
Data Analysis : -.10 -.01
Communicating Research .06 -.04
Supervisory -.08 .02
Obtaining/Providing Help -.16 .07
Professicnal -.03 -.15

df =79, * p < .05

As a result, individual work activity measures were not employed in
further analyses of computer use-job requirements relationships.
Table 17 sumnarizes mean differences across professions on
camputer use and model variables, and Table 18 summarizes mean
differences across work activity clusters. These differences were
identified by performing two way analyses of variance and Newman-
Keuls post hoc tests. An initial two way (Cluster membership X
Profession) analysis of variance revealed that computer use differed
significantly across both cluster membership and professions (see
Table 19), as expected. Also, as expected, there was not a
significant interaction between cluster and profession in camputer
use (there was a significant interaction for both the importance of
camputer literacy and skills to management and support system size).
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Table 17
Mean differences for professions in computer use, capability with
satisfacti ith tools ived impact

i of ills to colleas and
Support system size

Professions
Study Variable 1 2 3 4 ) 6 7
Camputer use ~-.1 -.0 1.6 .4 -.5 -.5 .0 #*a
Cap. with comp. -1.0 -.0 -7 -.3 .6 .5 .1 *b
Sat. with tools 3.6 2.4 3.1 3.8 2.9 2.8 3.0 *d
Perceived impact 1.3 1.4 1.3 1.3 1.5 1.2 1.2
Imp. to mgmt. 2.5 3.4 2.5 3.5 3.9 3.5 3.1
Imp. to coll. 2.4 3.0 2.5 2.8 3.2 3.1 3.1
Support size 1.1 -1 .4 .0 -.4 -.0 .0 *c
Professions:
1 = Computer Science 2 = Physics
3 = Mathematics 4 = Engineering
5 = Materials science 6 = Chemistry

7 = Electrical engineering
* Professions differ significantly, and:

a: Mathematics differs significantly from other professions

b: Computer Science differs significantly from other professions

C: Camputer Science differs significantly from Materials Science
and Chemistry

d: Physics differs significantly from Computer Science and
Engineering

Note: Camputer use, capability with computers, and support system

size were standardized. All other variables were measured using
five point rating scales.
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Table 18
Mean differences for scientific clusters in computer use, capability
with computers, satisfaction with current tools, importance of
computer literacy and skills to management and colleaques, and
support system size

Clusters

Study Variable Experimentalists Comumicators  Methodologists

Computer use -.3 -.0 .6 *a
Cap. with conp. .4 .1 -.6 *a
Sat. with tools 2.9 2.8 2.9
Perceived impact 1.4 1.3 1.3
Imp. to momt. 3.5 3.3 3.0
Imp. to coll. 3.2 2.8 2.8 *
Support size -.3 -.0 .5 *a

* Clusters differ significantly, and (a) methodologists differ
significantly from other clusters

Note: Camputer use, capability with computers, and support system
size were standardized. All other variables were measured using
five point rating scales.

Table 19
Sumary of cluster membership-by-professicn analyses of variance of
model variables and camputer use

F-values Total df
Measure Cluster Profession Interaction
Canputer use 11.53% 10.45% .83 72
Capability with computers 10.44% 3.62% 1.29 90
Suppart System Size 10.63* 2.66* 2.27* 90
Perceived impact .17 .70 .74 86
Importance to management 1.98 1.01 2.58* 89
Satisfaction with tools .13 3.46% .45 89
Importance to colleagues 2.26 2.31% 1.05 87
Degrees of freedom: 2 6 10
*p < .05
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Newman-Keuls post hoc tests revealed that the methodologist cluster
group used computers significantly more than the experimentalists
and caonunicators, and that campared to other professions computer
use was significantly greater among the mathematicians.
scientists’ camputer use and two of three organizational
enviromment variables were consistent with expectations, with
support system size and the importance of camputer literacy and
skill to management being significantly correlated with computer use
(greater support system size and importance corresponded to greater
use; see Table 15). The importance of computer literacy and skills
to colleagues was not significantly correlated with scientists’
caputer use.
Model Variable Inter-relationships
'Iheswomiobjectiveofthi;sstmdywastodeterminemeﬂuer
model variables were significantly inter-related. The single a
priori study hypothesis, that computer experience and job
requirements would be related, was supported. Two-way (Cluster
membership X Profession) between subjects ANOVAs revealed
significant differences in capability with computers across
professions and clusters (see Table 19; camputer experience was ane
of three measures camposing the capability with computers factor).
Newman-Keuls post hoc tests indicated that the mathematics
profession had significantly greater capability with camputers than
other professions, and that the methodologists had greater
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capability with camputers than the experimentalists and
commmicators (see Tables 17 and 18).

Five additional two-way (Cluster membership X Profession)
between subjects ANOVAs were performed to assess the relationships
between job requirements and the remaining model variables.
Clusters and professions were found to differ significantly in
suppart system size. Newman-Keuls post hoc tests revealed that
canputer scientists had larger support systems than other
professions, and methodologists had larger support systems than
other cluster groups (see Tables 17 and 18). Professions did not
differ in perceived impact, or impartance of camputer literacy and
skills to management. Professions differed in satisfaction with
current tools and importance of camputer literacy and skills to
colleagues. Newman-Keuls post hoc tests did not reveal any
significant mean differences (see Table 17). Clusters differed
significantly in importance of camputer literacy and skills to
management, although Newman-Keuls post hoc tests did not reveal any
significant group differences (see Table 18). Clusters did not
differ in perceived impact, satisfaction with current tools, or
importance of computer literacy and skills to colleagues.

Finally, there were eight significant correlations between
model variables (see Table 15 again). Greater support system size
corresponded to greater capability with computers, perceived impact,
and impartance of computer literacy and skills to management.
Likewise, greater capability with computers corresponded to greater
perceived impact, importance of camputer literacy and skills to
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colleagues, and importance of computer literacy and skills to
management. Finally, importance of computer literacy and skills to
management corresponded to greater perceived impact and importance
of camputer literacy and skills to colleagues.
Linear Prediction of Use

The third objective of this research was to assess the extent
to which a linear cambination of model variables could account for
the variance in scientists’ camputer use. A stepwise regression of
canputer use on the six variables significantly related to use
(i.e., profession, cluster membership, capability with computers,
support system size, importance of camputer literacy and skills to
management and perceived impact) was performed, using the method of
backward elimination to determine the order of variable entry (see
Table 20). The reduction in variance accounted for by the
elimination of mocdel variables was statistically significant at
steps four and five in the regression, supporting the inclusion of
profession and cluster membership in the final regression equation.
Likewise, part and partial correlations were significant for
profession and cluster membership (see table 21), but not for the
other four variables. As a result, a two variable linear model of
profession and cluster membership, accounting for 58 percent of the
variance in scientists’ camputer use, was derived from this
regression analysis. |

Due to the high carrelations among some model variables (e.g.,
capability with computers and support system size; see Table 15) a
hierarchical regression analysis was also performed (see Table
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Table 20

Stepwise regression of computer use on profession, cluster
membership, capability with computers, support system size,
perceived impact, and importance of computer literacy and skills to
management using the method of backward elimination

Variable

Step Removed R2 dezange F-Overall Fepnange

1 Capability with Camputers .63 .01 8.07 * .88

2 Perceived Impact .62 .01 8.74 * .72

3 Importance to Management .60 .02 9.90 * .68

4 Support System Size .58 .03 10.68 * 4.08 *

5 Cluster Manbership .48 .10 10.98 * 6.85 *
p < .05
Table 21
Partial and part correlations of profession, cluster membership,

ility with size ived impact

and i of literacy and skills to management with
camputer use
Variable Partial Correlation Part Correlation F-Value
Profession .64 50 6.43 *
Cluster Membership .29 .18 2.59 *
Cap. with Conputers .13 .08 .88
Support System Size .18 .11 1.77
Perceived Impact .17 .11 1.05
Imp. to Management .18 .12 .11
*p < .10
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22). The six variables significantly related to computer use were
grouped into three sets for stepwise entry into the regression
equation. The three sets of variables were: a) profession and
cluster membership, b) capability with computers and support system
size, and c) importance of camputer literacy ard skills to
management and perceived impact. Variable sets were derived fram a
priori variable groupings, variable inter-relationships, and
relationships to computer use. The members of the variable set A,
profession and cluster membership, were grouped because they are
both nature of work variables that were developed as measures of job
requirements. In addition, they were grouped because they were both
significantly related to the variables in set B, but not to those in -
set C (see Table 19). The members of variable set C were grouped
because they were significantly related to the variables in set B,
but not to those in set A, and also because the relationships
between these variables and computer use were camparatively weak
(see Tables 15 and 19). Finally, support system size ard capability
with camputers were grouped because they were significantly related
to all other model variables and computer use (see Tables 15 and 19
again) .

The order of variable set entry into the regression eguation
was based on causal priorities derived logically fram the findings
of this research. Variable set A was entered in the first step of
the hierarchical regression because these variables were thought to
be factors necessary to obtain significant levels of computer use
(i.e., for the most part there must be a work need to expect
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Table 22
Hierarchical regression of computer use on three variable sets: (a)
profession and cluster membership, (b) capability with computers and
support system size, and (c) perceived impact and importance of
literacy and skills to mana
Step  Set Added R? Rlgange F-Overall Fonange
1 Set A: Profession .58 .58 10.98 * 10.98 *
Cluster Membership
2 Set B: Cap. with Camputers .62 .04 10.02 * 3.18 *
Support System Size
3 Set C: Perceived Impact .64 .02 8.07 * .58

Imp. to Management

pP<.l0

significant levels of camputer use), regardless of the values of
other model variables. By extension, it is likely that these
variables directly impact the level of camputer use, but are not
influenced by use. Variable set B was entered next in the
hierarchical regressicn equation and variable set C was entered
last. The order of these entries was largely derived from causal
priorities suggested by variable relationships with computer use and
variable inter-relationships. The correlations between members of
variable set B and computer use were greater than between variable
set C and use (see Table 15). The members of variable set B were
also signficantly related to all model variables, while the members
of variable set C were not signficantly related to the members of
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variable set A (see Tables 15 and 19). These relationships suggest
that the members of variable set B are more directly causally
related to camputer use than the members of set C.

The entry of variable sets A and B in the regression equation
produced statistically significant increments in R2 (see Table 22).
The part and partial correlations for variable set A were
statistically significant, however, they were not significant for
variable sets B or C (see Table 23). As a result, a two set (four
variable) linear model of set A (profession and cluster membership),
and set B (capability with computers and support system size),
accounting for 62 percent of the variance in scientists’ camputer
use, was derived from this regression analysis. However, the
inclusion of set B in the equation must be interpreted with caution,
since the partial and part correlations for this set were not
statistically significant.

Assessment of Professicns

To determine whether professions could be characterized by
their work activity data, one-way ANOVAs and Newman-Keuls post hoc
tests were performed to compare hours per week and importance
ratings across professions. Table 24 indicates that computer
scientists spent fewer hours per week performing data analysis
activities than physicists and materials scientists, and rated these
activities as less important than other professions. They also
rated generating data as less important than did study engineers.
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Table 23

Partial and correlations of variable sets:

profession and cluster membership, (b) capability with %

support system size, and (c) perceived impact and importance of

coawputer literacy and skills to management

Variable Set Partial Correlation Part Correlation F-Value

Set A: Profession .66 .53 5.25 *
Cluster Membership

Set B: Cap. with Computers .28 .17 2.28
Support System Size

Set C: Perceived Impact .23 .14 .58

Imp. to Management

P < .05
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DISCUSSION

This research was designed to address four adbjectives. The
first was to evaluate the relationships between model variables and
scientists’ camputer use. The second cbjective was to explore model
variable inter-relationships, and the third was to develop a linear
predictive model of computer use fram variables contained in the
study descriptive model. As a prelude to these cbjectives, a fourth
objective involved development of reliable and valid variable
measures, including measures of computer use. This chapter first
reviews findings regarding the study methodolcgy and then reviews
findings pertaining to the first three study objectives.

Methodology Development '

Perhaps the most time consuming and difficult portion of this
research involved the development and assessment of the
methodological camponents needed to conduct the investigation; a
problem no doubt common to many areas of study likewise in their
infancy. Little previous research was available with the level of
methodological rigor necessary to be useful in identifying and
operationalizing computer use or variables that influence use.

To begin to make research progress, the research commnity must
begin to develop some common understanding and definition of
relevant variables. One objective of this research was to draw upon
both formal and informal sources to identify a limited set of
variables likely to be significantly related to scientists’ caomputer
use, to operationalize those variables, and to develop evidence for
the reliability and validity of the resulting measures. This
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cbjective appears to have been largely satisfied. Test-retest
reliabilities were found to be acceptable for questionnaire-based
measures. Likewise, these measures’ validities were judged to be
acceptable based on expert evaluation of question content, and for
some variables the results of factor analyses as well.

The hypothesis that self-rated computer experience would be a
better measure of experience than the mcre traditional "“years of
use" measure was confirmed. It appears that participants
interpreted “experience" to mean something more than how long
camputer use has been a part of their jobs. These interpretations
were apparently consistent with what most authors have intended when
employing this somewhat ill-defined construct.

Both profession and cluster membership, but no individual work
activity categaries, proved to be useful operationalizations of the
job reguirements variable. This finding suggests that no one wark
activity significantly influenced scientists’ computer use, but that
unique sets of activities reflected in professions and in the
identified clusters of scientists (through the cluster analysis on
work activity data) did play a significant role in determining use.
This finding is somewhat inconsistent with previous literature in
that studies of use patterns (i.e., the distribution of use across
individual work activities; e.g., Collopy, 1988; Kublanow et al.,
1985; Pope, 1985) would appear to suggest individual variable-
camputer use relationships. However, previous authors have not
directly addressed relationships between individual activities and
overall camputer use, and previous studies have in fact
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operationalized job requirements in ways relatively consistent with
this finding (i.e., as nature of work: verbal or analytic;

Collopy, 1988; as category of professional: executive, manager,
professional, clerical; Kublanow, Durand and Floyd, 1985; however,
these authors were restricted to available measures).

The activity analysis method developed in this study provided
reliable and valid data, and had several practical advantages. The
categories of activities used were relatively meaningful and
enduring activities that could be expected to be part of scientists’
jobs with or without computers. They were understandable to
participants, permitted relatively easy conmunication with
scientists about their jobs, and permitted data collection within
necessary time constraints. They also provided a means of exploring
jobs across very different types of scientific work. Thus this
analytic method may prove to be a useful means of exploring
scientists’ jobs in future investigations. However, the findings of
this study also suggest a need to explore the possible development
of a more direct measure of the scientific research cycle. Cluster
membership appeared to be heavily influenced by scientists’ research
cycles, and a more direct measure might reduce measurement error and
greatly expedite the measurement process.

A single capability with computers factor was identified from a
factor analysis of scores representing computer experience, camputer
literacy, and interest in camputers. Although this factor was not
anticipated, it is not inconsistent with previous literature.
Previous definitions of these variables have often overlapped
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considerably. In fact, some authors have treated literacy and
experience as equivalent (e.g., Carpenter, 1986). This finding
suggests that many of the individual difference factors discussed in
the literature can be reduced to a single measurable complex factor
reflecting the capability an individual brings to his ar her job to
amploy a computer to accamplish work. This finding has the
potential to significantly facilitate the study of the influence of
individual differences on camputer use by providing a single, hbroad
and conmprehensible, measurable variable to replace the quagmire of
variables and measures in the literature (i.e., experience,
interest, and literacy, as well as Yattitude toward computers"; see
Zmud, 1979, for a review of relevant literature).

As with capability with camuters, a single computer use
construct was identified from questionnaire and on-line measures of
use. At the outset of this investigation measures of time spent
using a camputer and measures of variety or intensity of use (i.e.,
command vocakulary, interactions per week) were thought to reflect
distinctly different conceptualizations of computer use. However,
this research suggests that these measures reflect a single camputer
use construct. This finding suggests that several seemingly
different conceptualizations of camputer use may simply reflect
alternative views of a single rcbust factor. Additional research is
needed to determine whether or not alternative conceptualizations of
camputer use (i.e., different from time or intensity of use), such
as the amount of computer resources consumed, combinations of

software tools employed, or "productive use" are unique aspects of
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use, or if they are simply alternative representations of this
construct.

Several previous authars have called far the development of
carputer-based measures of camputer use (e.g., Helander, 1985;
Tornatzky, 1985). However, only ane such tcol was identified in the
literature (i.e., Q®N; Collopy, 1988; Kublanow, Durand, and Floyd,
1985). This research attempted to evaluate the reliability and
validity of measures derived fram GVON, and to compare and contrast
canputer-based and questionnaire measures. The primary CMON
measures of interest were the two measures of time spent using a
camputer, however, evidence failed to support the validity of these
measures. In contrast, the available evidence supported command
vocabulary and interactions per week as reliable and valid measures
of use. It appears that previous interpretations of QN measures
of time spent using a computer were inaccurate. What these measures
represent is difficult to determine precisely, but a more accurate
interpretation would appear to be samething like "hours per week of
interactive use," including only use periods where considerable
keyboard activity takes place.

That command-based CMON measures proved acceptable (i.e.,
camand vocabulary, interactions per week) and time-based measures
did not (i.e., net elapsed hours per week, net active hours per
week) was largely the result of the inherent difficulty in
uncbtrusively recording time spent using a computer with that same
camputer. For a computer to record use, cues must be provided to
the camputer that indicate when to begin and end recording. The
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cues employed by GMON (i.e., the instigation and campletion of
comands) were insufficient. The unpredictable nature of camputer
use (i.e., the tendency to use a system for limited periods of time
spaced unevenly throughout the day), the growing tendency to remain
"logged on" to a camputer throughout the wark day when not actively
using a system, and the tendency for considerable use to involve
minimal interaction (i.e., few system cues) all combine to make the
identification or development of more effective non-intrusive cues a
formidable task for future research.

Overall, contrary to expectations, the evidence and experience
of this study strongly support the use of questionnaire-based
measures of use over QKON and other computer-based measures.
Althouch both types of tools can provide usable measures, the
collection of computer-based data proved to be extremely time and
labor intensive, reguiring several months and mumerous meetings with
each study participant. In addition, the continued growth in the
use of multiple camputer systems is likely to require that any
future computer-based tool have the capability of recording use on
multiple computer systems (a formidable programming task). Future
effaorts would probably be better served developing multiple
questionnaire~based measures of use, and employing valuzble
participant and programmer time more efficiently. If computers are
to be used to measure use, any measurement program should be
PC/Workstation based to provide for capturing every participant
keystroke. It will be necessary to develop several versions of the

program to operate under multiple operating systems, and will
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captured by different program versions are in fact equivalent.
Finally, capturing time spent using a computer, including times that
are not keystroke intensive, will probably require same form of
user-initiated signal to start and end recording sessions.
Evaluation of Model Variables ‘

Identification and operationalization of study variables
resulted in eight reliable and valid measures far the assessment of
use-variable relationships. There were three individual difference
variables (capability with computers, perceived impact, satisfaction
with current tools), two measures of a single nature of work
variable (job requirements: cluster membership, profession), and
three arganizational enviromment variables (importance of computer
literacy and skills to colleagues, importance of camputer literacy
and skills to management, support system size). Six variable
measures were significantly related to use.

Individual difference variables. Capability with computers
proved to be highly correlated with scientists computer use, with
greater use corresponding to greater capability. Computer
experience, computer literacy, and interest in computers were all
expected to be positively related to scientists’ caomputer use, thus
this relationship is consistent with a priori hypotheses. As
expected, perceived impact was also significantly correlated with
scientists’ computer use, with greater impact corresponding to
greater use. Participants’ ratings were uniformly high, and the
relationship between impact and computer use was relatively weak.
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Informal interactions with participants suggest that ratings were
high because computers provide several very basic capabilities to
scientists, regardless of their level of use, that would make their
work impossible or impractical otherwise (e.g., control of data
collection and complex data analyses). In fact, the results of this
study suggest that, contrary to the findings and suggestions of
several recent authors (e.g., Bikson, Gutek, and Mankin, 1981;
Durand, Bennett, and Betty, 1987; Majchrzak, Collins, and
Mandeville, 1986; Stewart, 1985; Wessel, 1988), camputers are
relatively broad-based productivity enhancement tools for
scientists. As a resuit, future research would be better served by
a scale more sensitive to differences in relative impact between
scientists, rather than the current scale designed to measure
absolute impact.

The hypothesis that users’ level of satisfaction with their
hardware and software tools for accamplishing their work would be
related to their overall computer use was not supported. This
finding is consistent with the findings of at least one other study
(Bikson and Gutek, 1983), and does not support the conc.:lusions of
several previous authors (e.g., Licata, 1982; 2mud, 1979). It
appears that use is driven by factors other than satisfaction
(e.g., job requirements, capability with camputers). However, this
should not be interpreted as suggesting that the organizational
ramifications of dissatisfaction are not serious. Dissatisfaction

may adversely impact organizations in mumerous ways, such as by
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reducing organizational cammitment and job satisfaction, or by
affecting the types of problems scientists choose to study.

Nature of work variables. Overall, both operationalizations of
job requirements were significantly related to scientists’ camputer
use. As hypothesized, distinct clusters of scientists were
identified from work activity data and these clusters differed
significantly in camputer use. Specifically, the methodologists
used camputers considerably more than the experimentalists and
cammmicators. Likewise, scientists grouped by self-reported
profession differed significantly in their use, with mathematicians
using computers more than their colleagues.

Contrary to expectations, profession proved to be unrelated to
cluster membership, with professions relatively evenly distributed
across clusters. In addition, both variables contributed
significantly and uniquely to the linear model of use. These
variables were initially viewed as alternative measures of a single
job requirements variable. However, study findings indicate that
these measures differ conceptually and should be treated as separate
nature of work variables. Conceptually, each identified cluster of
scientists reflects the time and importance of unique sets of
activities, determined to a large extent by their point in the
general scientific research cycle (see Harris and Brightman, 1985,
for a more detailed discussion of the scientific research cycle).
The defining characteristics of scientific professions studied were
not similar to those of the cluster groupings, and were not as
clearly established. In this study only computer scientists were
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distinguishable based on time spent on, or importance of, categories
of work activities. Computer scientists spent fewer hours per week
at data analysis activities and rated them as less important than
several other professions. This finding was relatively consistent
with other differences found among professions. Camputer scientists
were also found to have significantly larger support networks and
greater capability with computers than other professions, and had
the second highest mean camputer use score. Additional work is
needed to clarify the factors that distinguish the other scientific
professions studied, and the relationship of these distinctions to
camputer use.

Organizational enviromment variables. The hypothesized
positive relationship between computer use and the importance of
camputer literacy and skills to management was supported, while the
expected relationship between use and the importance of computer
literacy and skills to colleagues was not. These variables were
originally drawn fram studies of the implementation of advanced
technologies (e.g., Bikson, Gutek, and Mankin, 1981; Davis, 1986),
and these findings indicate that perceptions of management attitudes
continue to influence use following successful implementation (i.e.,
after camputers have become a routine part of the work envirorment).
However, they suggest that the perception of colleagues attitudes
may not contimue to influence use. This finding highlights the need
for research on the transition from technology implementation
toroutine use, including the description and explanation of shifts
in the variables that influence use.
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The hypothesis that support system size would be significantly
related to scientists’ camputer use was confirmed, with greater size
explicit study assumption that scientists’ computer support networks
would have many of the characteristics of the scientific information
support networks described by Allen (1977), Keller and Holland
(1978; 1979), Lee (1986), and Pelz and Andrews (1966) in that the
adoption of these authors’ measures provided data consistent with
expectations. The study of camputer support networks and what
constitutes effective support remains largely unaddressed, and these
results indicate that the work of the above authors would provide a
strong foundation for such research.

Relationships Among Model Variables

As expected, the six variables signficantly related to computer
use also proved to be significantly inter-related. However, the
sole predicted relationship was not supported. Perceived impact
proved to be unrelated to both profession and cluster membership
(i.e., job requirements). Three relationships uncovered were
consistent with relationships suggested by previous authors. 2n
interest in computers-computer literacy relationship was suggested
by Pope (1985) and a computer literacy-camputer experience
relationship was implied by Carpenter (1986), and these were
strongly supported in this research (these variables were components
of the capability with camputers factor). Likewise, the job
requirements~camputer literacy relationship suggested by Konar,
Kraut and Wong (1986) is consistent with the relationships found
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between capability with camputers and both cluster membership and
profession.

Consistent differences were found among professions and
clusters. Members of the methodologist cluster group, who had
significantly greater camputer use, also had greater capability with
conputers and larger support systems. Among professions, camputer
scientists had larger support systems and greater capability with
camputers than other professions, while mathematicians had greater
camputer use. Computer scientists had the second highest camputer
use and mathematicians had the second highest capability with
conputers and support system size, although differences between
these groups and other professions were not statistically
significant. The distinctiveness of mathematicians and computer
scientists is consistent with the nature of their scientific work.
Scientific investigation for these groups typically involved
programming of camplex simulations, with little traditional data
collection.

The Linear Prediction of Use

The results of this study indicate that a large portion of the
variance in scientists’ camputer use can be accounted for by a
limited set of variables. A stepwise regression of camputer use on
the six variables signficantly related to use, using the method of
backward elimination to determine the order of variable entry,
resulted in a two variable linear model, in which profession and
cluster membership accounted for 58 percent of the variance in
scientists’ camputer use.
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Due to the high correlations among several model variables
(e.g., capability with camputers and support system size) a
hierarchical regression analysis was also perfarmed. Variables
were divided into three groups or sets for entry into the regression
equation based on a priori variable groupings, variable inter-
relationships, and relationships to camputer use. The order of
variable set entry was based on causal priorities derived both
logically and fram the findings of this research. Variable set A
(profession and cluster membership) was entered into the equation
first, followed by variable set B (capability with camputers and
support system size), and then by variable set C (perceived impact
and the importance of camputer literacy and skills to colleagues).
This regression analysis resulted in a two set (four variable)
linear model of set A (profession, cluster membership) and set B
(capability with computers, support system size) accounting for 62
percent of the variance in scientists’ computer use. However, while
the additicnal variance accounted for by the addition of set B to
the regression equation was statistically significant, the partial
and part correlations for set B were not significant. Therefore,
caution must be exercised in interpreting this linear model. While
the variables in set B may contribute slightly to the linear
prediction of use, the contribution is clearly small. Overall, the
results of both regression analyses strongly strong support those
authors who have suggested varicus nature of work variables as
determinants of camputer use (e.g., Pope, 1985, whose findings
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suggest work activities and Collopy, 1988, whose findings suggest
job categaries).
Future Research

The results of this investigation clearly indicate that
camputer use varies considerably across scientists within an
organization, and thus expectations of relatively widespread high
use are inappropriate. These findings indicate that the potential
exists to develop relatively accurate expectations regarding
individual scientist’s computer use (and by extension organizational
use) based on the measurement of a limited set of variables. In
order to effectively direct and allocate camputer support and
resources, and thus to impact scientists’ use, continued work
towards a more robust descriptive model of use is essential.

Considerable research remains to be done to explain the complex
network of relationships between model variables. The results of
this investigation suggest at least three tiers of variables in this
network, where tiers reflect variable causal priorities. The first
tier includes the two nature of work variables (e.g., profession and
cluster membership). These variables reflect factors necessary for
significant computer use (i.e, there must be a work need to expect
significant levels of camputer use). These variables probably
directly influence scientists’ level of camputer use, but are
unlikely to be influenced by use. The second variable tier includes
support system size and capability with computers. These variables
appear to both affect and be affected by scientists’ computer use.
The third tier of variables includes perceived impact and the
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importance of camputer literacy and skills to colleagues. These
variables appear to be only indirectly related to use, and are
unrelated to the first tier of variables.

There are at least three areas that should be explored in an
attempt to increase the variance accounted for in scientists’ use.
First, continued develcpment of study variable measures is needed.
Possible areas of improvement include development of a measure of
perceived impact with a relative rather than an absolute scale,
development of more and better measures of support system
characteristics, further exploration of the characteristics that
distinguish scientific professions, and development of a more direct
measure of scientists’ research cycles. Second, additional
variables should be explored. I.ogiéal candidates include measures
of technology characteristics (i.e., ease of use factors), as well
as additional nature of work, individual difference, and
organizational enviromment variables (Table 1 lists several
candidates). Finally, the temporal nature of use should be
explored. It appears that scientists’ research cycle is a majar
determinant of camputer use, suggesting that individual’s use varies
considerably over time. With the development of an effective
measure of the research cycle it may be possible to predict changes
in use over time, and thereby greatly enhance the accuracy of
individual prediction and the organizational utility of both
predictive and descriptive models. Explarations of the temporal
nature of camputer use might eventually be extended to examine the
transition from implementation to an envirorment in which use is
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routine, thereby allowing the integration of models of
implementation success with models of use in an enviromment where
the technology is fully iitegrated.

These results are derived fram a single organization. There is
clearly a need to explore the robustness of the descriptive medel
across organizations and other population samples. The clarity of
the relationships uncovered suggests that a fairly robust
descriptive model can eventually be derived. Such a model could
serve as a starting point for developing predictive models tailored
to individual organizations. The descriptive model could contribute
to the formulation of limited support systems directed toward
factors that impact use, and the predictive model could be used to
identify users in need of support. Finally, the study models are
built upon current use, which might not in practice reflect desired
use (i.e., all use may not equate to productive use). This suggests
a need for further study of the use construct with a focus on
whether non-productive use can be isolated and separately measured.
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A: Demographics . .
Name Age

Highest Educational Degree Year obtained 19

Discipline/Profession (e.g., chemist, physicist, etc.)
- > Originally - > Currently

Years with IBM Years at Research
Major Area(s) of Research:

B: Jobh Activities

Instructions for filling in the columns on the next page.

(1) Cross out the activitics you perform, on average, less than 1 hour/weck.

For the remaining activities:

(2) Hours/Week: estimate how many hours per week, on average, you spend on each activity,

(3) Importance: RATE the importance of cach activity for successfully performing your job.
Use the following scale:
1 - extremely important
2 - very important
3 - moderately important
4 - somewhat important
5 - not 1t all important
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Week Importance ' ’ 97

Administrative: business activities or work management.
Business/administrative (non-science) aspects of your job. Managing your
work. Examples: a calendar, expense reports, handling MAIL, making res-
ervations, reviewing posters, etc.

Review: previous research. .
All activities involved in reviewing previous research. Examples: literature
search, ordering articles, contacting authors to discuss their work, etc.

Zdeas: develop, propose or sell Yyour research ideas.
All activities involved in developing your research ideas, including proposing
and sclling them to others. Examples: proposal writing, discussing idcas with
others, etc.

Methods: develop methods, including tools, procedures, etc.
All activities involved in preparing to conduct research. Examples, preparing
lab equipment, developing a research procedure, writing programs to run an
experiment, etc.

Theoreticallanalytical work.
Develop thcorems, proofs, theory, equations, etc. Examples: brainstorm on
impacts of cquation changes, write proofs, contemplate theory, review
equations with colleagucs.

Gencrate or collect data.
Any activity involving data generation or collection. Examples: running a
program that generatcs data, running an experiment to obtain data, etc.

Data analysis or interpretation ( including visualization)
Any activity involved in data analysis or interpretation, including
visualization/graphics. Examples: running a data analysis program, coding
data, using a graphics package to examine results, discussions about the
meaning of an analysis.

Commuricate your research, including papers, reports, etc.
Any activity involving communicating your research to others. Examples:
writing papers and prescntations, giving presentations, talking with collcaguces
about your findings, preparing technical reports.

Supervisory activities.
Any managerial or supcrvisory activity. Examples: performance reviews
advising/dirccting subordinates” work, group/dcpartment planning work,
budget related activities, ctc.

Help: obtaining or providing information or assistance.
Obtaining or providing information or assistance of any kind. Examples:
acting as a consultant, asking a collcague how to fix a problem, calling the
computer center help desk, reading or responding 1o a conference disk forum
qucstion.

Professional: educational activities, socicties, ctc.
Any activity undcrtaken due to your professional status. Fxamples: taking
an education course, doing work for a professional socicty, attending a con-
ference and making contacts, ctc.  (Note 20 days at conferences per year
equals 1 hour per week)

Other - describe in the space below.
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C: Systems : ter Use

(2) Instructions: For those activities you use a computer for indicate your: o8
(2) Primary System: The system you use most often to perform an activity
(b) Secondary System: If you use a second system list it also

Systemn codes:
VM - the VM operating system

MVS - the MVS operating system

PC - a personal computer/workstation (do not count use as a terminal)
OT - other (explain)

Primary Secondary
System System

Administrative: business activities or work management.
Business/administrative (non-science) aspects of your job. Managing your
work. Examples: a calendar, expense reports, handling MAIL, making reser-
vations, reviewing posters, etc.

Review: previous research.
All activities involved in reviewing previous research. Examples: literature
search, ordering articles, contacting authors to discuss their work, etc.

Ideas: develop, propose or sell your research ideas.
All activities involved in developing your research ideas, including proposing
and selling them to others. Examples: proposal writing, discussing ideas with
others, etc.

Methods: develop methods, including tools, procedures, etc.
All activities involved in preparing to conduct research. Examples, preparing
lab equipment, developing a research procedure, writing programs to run an
experiment, etc.

Theoretical[analytical work.
Develop theorems, proofs, theory, equations, etc. Examples: brainstorm on
impacts of equation changes, write proofs, contemplate theory, review
equations with colleagues.

Generate or collect data.
Any activity involving data generation or collection. Examples: running a
program that generates data, running an experiment to obtain data, ctc.

Data analysis or interpretation (including visualization)
Any activity involved in data analysis or interpretation, including
visualization/graphics. Examples: running a data analysis program, coding
data, using a graphics package to examine results, discussions about the
meaning of an analysis.

Communicate your research, including papers, reports, etc.
Any activity involving communicating your research to others. Examples:
vriting papers and presentations, giving presentations, talking with collcagucs
about your findings, preparing technical reports.

Supervisory activities.
Any managerial or supervisory activity. Examples: performance reviews
advising/directing subordinates’ work, group/dcpartment planning work,
budget related activities, etc.

(Question continued on next page)
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(Question continued from previous page)
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Help: obtaining or providing information or assistance.
Obtaining or providing information or assistance of any kind. Examples:
acting as a consultant, asking a colleague how to fix a problem, calling the
computer center help desk, reading or responding to a conference disk forum
question.

Professional: educational activities, societies, ete.
Any activity undertaken due to your professional status. Gxamples: taking
an education course, doing work for a professional society, attending a con-
ference and making contacts, etc.

Other - describe in the space below.

D: Computing Experience

(1) Compared to all other scientists at Yorktown (excluding computer science), how much experi-
ence would you estimate you have with computers?

(Circle One)

Much More More About Average Lezs Much Less
2 5

(2) How many years have you been using computers in your work (including non-1BM years)?

year(s)

(3) On average, how many of your work hours per week do you spend in front of a computer ac-
tively using it?

hours/week

(4) Rate your familiarity with computer technology. For example, how familiar are you with the
potential uses of computing, likely futurc developments, the marketplace, and differences in capa-
bilities of various systems.
(Circle One)
Very High High HModerate Low Very Low
1 2 3 ] 5

(5) Rate your overall computer skills. Consider, for example, (a) your skills at using on-line scrvices
for communications and administrative tasks, (b) your skills using a varicty of software packages,
and (c) your programming skills.
(Circle Onc)
Very Good Good Fair  Poor Very Poor
2 3 b 5

(6) Ratc your level of knowledge and understanding of the technical workings of computers.
Someonc very low in knowledge might, for example, know the basic components of a system, such
as memory, input, output, ctc. While somconc very high in knowledge might understand how a
system works at a dctailed intcrnat level.

(Circle One)
Very High High Moderate Low Very Low
! 2 3 b 5
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E: Current Status

(1) How satisfied are you with your current hardware and software for accomplishing your work?

(Circle One)
Very Satisfied Sat;sfied Neutral Dissazisfied Very Dissatisfied
1 3 5

F: Computing Environment

(1) Rate your level of interest in computing, compared to other scientists at Yorktown. Consider
such things as how often you try new hardware and software and how much time you spend dis-
cussing and reviewing computing-related issues.
(Circle One)
Very High High Average Low Very Low
! 2 3 ] 5

(2) How much importance do your colleagues place on computer literacy and computer skills?
(Circle One)
Extremely Imp. Very Imp. Moderately Imp. SI1 ighEly imp. Not Imp.
1 2 3 5

(3) How much importance does your management place on computer literacy and comguter sl:ills?
(Circle One)
Extremely Imp. Very Imp. Moderately Imp. Sllghlt‘ ly lmp. Not Imp.
1 2 3 5
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G: Support Systemn ;ﬁ?

3 Indicate about how often you are in contact with each computing information source to ex-
change computing-related information.

Use the following scale:

- At least once per day

- 2 or 3 times per week

- 2 or 3 times per month

3 or 4 times per year

- once or twice a year or less

N B WN =

Number of
Contacts

Support materials (manuals, on-line help, etc.)

Journals and magazines

Consultants/systems staff (in person, phone, on-line, etc.)
Forum/conference disks

Colleagues within your work group

Others at Yorktown

Non-Yorktown individuals (including non—IBMers)

Other (explain)

(5) With approximately how many people do you discuss or exchange computing-related informa-
tion on a somewhat regular basis?
(circle one)

y 2 3 4

5
0-2 people 3-5 people 6-8 people 9-11 people 12 or more

H: Impact of Computing

1 .
( I)J::el’fr'.ij;ll}s ‘zv’fgr:;lcl ac;:l‘ect of your use of computers on the following aspects of your job.
| - Strong positive effect
2 - Slight positive effect
3 - No significant effect
4 - Slight negative effect

5 - Strong negative effect
Rating

Overall Productivity
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