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ABSTRACT

FROM “BLACK ART’ TO INDUSTRIAL DISCIPLINE:
THE SOFTW ARE CRISIS AND THE MANAGEMENT O F PROGRAMMERS

Nathan L. E nsm enger 

Professor Emily Thom pson

For alm ost as long as there has been  softw are, there has been  a  softw are 

crisis. Lam ents about the inability of softw are developers to p roduce  products on  

tim e, w ith in  budget, and  of acceptable quality  and  reliability have  been  a  staple 

of industry  literature from  the early decades of com m ercial com puting  to the 

present. In  an  industry  characterized b y  rap id  change an d  innovation , the 

rhetoric of the crisis has p roven  rem arkably  persistent.

R ather than  treating  the softw are crisis as a w ell-defined an d  universally  

understood  phenom enon, as it is often  assum ed to be in  the in d u stry  and  

historical literature, this dissertation considers it as a socially constructed  

historical artifact. O stensibly a debate abou t the "one best w ay" to m anage a 

com puter p rogram m ing  project, the softw are crisis w as in  reality  a series of 

h ighly  contested social negotiations ab o u t the role of electronic com puting  -  and  

of com puting  professionals -  in  m o d em  corporate and  academ ic organizations.

This d issertation explores the h isto ry  of the com puter in  the  m o d em  

corporation  as v iew ed from  the perspective of com puter p rogram m ers. It 

describes the culture an d  m ethods of p rog ram m ing  practice as they  developed in

v i
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the late 1950s an d  early  1960s, and  traces the  changes tha t occurred in  these 

practices as the  p rogram m ing  com m unity  transform ed from  a tigh tly  knit family 

of "com puter people" into a  diverse and  h igh ly  fragm ented collection of 

p ro g ram m er/co d ers , system s analysts, and  inform ation technology specialists. 

M y a rgum en t is th a t the significant developm ents in  software m anagem ent tha t 

occurred in  the  1950s and  1960s can best be  understood  as a jurisdictional 

struggle over control of the increasingly valuable occupational territo ry  opened 

up  by  the electronic digital com puter. Like any  m ajor new  social o r technological 

innovation, the  com puter could no t sim ply  be inserted, unchanged and  

unnoticed, in to  the well-established social, technological, and political system s 

th a t com prised  the m od em  corporate organization. Just as the com puter itself 

w as g radua lly  reconstructed, in response to a changing social an d  technical 

env ironm ent, from  a scientific and  m ilitary  instrum ent into a m echanism  for 

corporate com m unication and  control, the m o d em  business o rganization  had  to 

a d ap t itself to the presence of a pow erful new  technology.

v ii
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Prologue: The Perpetual Software Crisis

The shortage of programmers in the United States, or the "software crisis" as it has been 
dubbed by experts, is producing fallout among practicing professionals today.1

Harry Leslie, Datamation (1967)

Demand [for capable developers] will continue to outstrip supply for the foreseeable 
future. Hence, more and more software will be behind schedule, over budget, 
underpowered, and of poor quality -  and there's nothing we can do about it.2

"The Real Software Crisis," Byte M agazine (1996)

/. The Software Crisis as a Crisis of Professional Identity

In  the  fall of 1968, a diverse group of academ ic com puter scientists, corporate 

m anagers, an d  m ilitary officials gathered in G arm isch, G erm any for the first-ever 

NATO Conference on  Software Engineering. The conference w as in tended to 

address w h a t m any industry  observers believed to be an  im pending  "crisis" in  

softw are production . Large software developm ent projects h a d  acquired a 

repu ta tion  for being behind-schedule, over-budget, an d  bug-ridden . "W e bu ild  

softw are like the W right brothers built a irp lanes," com plained  one prom inent 

participant: "bu ild  the w hole thing, push  it off the cliff, let it crash, and  start over 

again ."3 The so lu tion  to the so-called "softw are crisis," suggested  the conference 

organizers, w as for softw are developers to ad o p t "the types of theoretical

1 Harry Leslie, "The Report Program Generator," Datamation (26-28) 13,6 (1967), 26.
2 Bruce Webster, "The Real Software Crisis," Byte M agazine 21,1 (1996), 218.
3 R.M Graham, quoted in Peter Naur, ed. Software Engineering: Proceedings o f the 
NATO Conferences (New York: Petrocelli/Charter, 1976), 32.

1
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2 From "Black Art" to Industrial Discipline

foundations a n d  practical disciplines that are trad itional in  the established 

branches of engineering."4 In the in terest of efficient softw are m anufacturing, 

the "black a rt"  of p rogram m ing h ad  to m ake w ay  for the "science" of softw are 

engineering.

By defin ing  the  softw are crisis in  term s of the discipline of "software 

engineering," the  NATO Conference set an  agenda th a t influenced m any of the 

technological, m anagerial, and professional developm ents in commercial 

com puting for the next several decades. The general consensus am ong historians 

and practitioners alike is that the G arm isch m eeting m arked  "a major cultural 

shift in  the percep tion  of program m ing. Software w riting  started  to m ake the 

transition from  being  a craft for a  long-haired p rog ram m ing  priesthood to 

becom ing a real engineering discipline. It was the transform ation  from  an  a rt to 

a  science."5 The call to integrate "good  engineering principles" into the softw are 

developm ent process has been the rallying cry of softw are developers from  the 

late 1960s to the present.6

D espite the w idespread  adop tion  of the language an d  ideology of softw are 

engineering, the  vision of a rational "softw are factory" outlined a t the 1968

4 Naur, et al., 7.
5 Martin Campbell-Kelly and William Aspray, Computer: A History of the Information 
Machine (New York: Basic Books, 1996), 201.
6 For example, see W. Saba, " Software Engineer, Magic, and Witchcraft," IEEE 
Com puter29, 9 (1996); Edward Yourdon, ed., Classics in  Software Engineering (New 
York: Yourdon Press, 1979); Herbert Freeman and Phillip Lewis, Software Engineering 
(New York: Academic Press, 1980)

2
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G arm isch Conference h as n ever coalesced into reality. The rhetoric of crisis 

continues to dom inate discussions about the h ealth  an d  fu tu re  of the industry. A  

recent report on  the softw are  crisis by the N ational Softw are Alliance raised 

"serious concerns n o t on ly  for the software industry , b u t, g iven  the reliance of 

every industry  on  softw are, for the entire U.S. econom y."7 Softw are engineering 

has n o t ye t been able to establish  itself as a  "real" engineering  discipline, and 

m any com puter p rog ram m ers still regard w ha t they  do as m ore of an  art than  a 

science. A ccording to one recent article in  Scientific A m erican, "A  quarter of a 

century later softw are engineering  rem ains a term  of aspiration . The vast 

m ajority of com puter code is still handcrafted from  raw  p rog ram m ing  languages 

by artisans using  techniques they neither m easure no r are  able to repeat 

consistently." The Y2K crisis is only the m ost recent m anifesta tion  of the 

software industry 's  ap p a ren t predilection for apocalyptic rhetoric. In an 

industry  characterized b y  rap id  change and  innovation , the  rhetoric  of crisis has 

proven  rem arkably consistent.

References to the chronic "softw are crisis" are in  fact so ubiquitous that it is 

possible to lose sight of the ir historical origins an d  significance. Specific claims 

about the nature  and  ex ten t of the crisis can be used , how ever, as a lens through

7 Quoted by Bob Bellinger, "Software Warning," Electronic Engineering Times 
(November 3,1997). The NSA was responding to a statement by Federal Reserve 
Chairman Alan Greenspan.

3
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w hich  to exam ine b roader issues in the h isto ry  of softw are. This d issertation 

explores the historical construction of the softw are crisis as a  crisis of 

p rog ram m ing  labor. It argues that m any of the crucial innovations in  m o d em  

softw are developm ent -  high-level p rogram m ing  languages, structured  

p rog ram m ing  techniques, an d  software engineering m ethodologies, for exam ple 

— reflect corporate  concerns about the supply , tra in ing , an d  m anagem ent of 

program m ers.

R ather th an  treating  the  software crisis as a w ell-defined  and  universally 

understood  phenom enon , as it is often assum ed to be in  the  industry  and 

h istorical literature, this dissertation w ill consider it as a socially constructed 

historical artifact. Like any  m ajor new  social or technological innovation, the 

com puter could n o t sim ply  be inserted, unchanged  a n d  unnoticed, into the w ell- 

established social, technological, and political system s th a t com prised m o d em  

corporate an d  academ ic organizations. Just as the com pu ter itself w as g radua lly  

reconstructed, in  response to a changing social a n d  technical environm ent, from  

a scientific and  m ilitary  instrum ent into a  m echanism  for corporate control a n d  

com m unication, m o d em  businesses and  universities h a d  to ad ap t them selves to 

the presence of a pow erfu l new  technology.

M y research focuses on  this process of m u tua l reconstruction  as it occurred 

in  com m ercial organizations in  the 1950s and  1960s, for these w ere by  far the

4
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largest users o f information, technology in  th a t period . As the com puter 

transform ed from  a  to o l to  be m anaged  into a tool fo r  m anagem ent, com puter 

users em erged as pow erfu l "change-agents" (to use  the m anagem ent 

term inology of the  era). As one W harton  MBA g rad u a te  w arned  his colleagues 

in  a 1965 article, "A s the EDP [electronic data  processing] g roup  takes on the role 

of a corporate service organization, able to cu t across organizational lines, a 

revolution in  the organizational pow er structure is b o u n d  to occur."8 Faced w ith  

this new  and  pow erfu l challenge to their occupational territo ry , traditional 

m anagers a ttem pted  to reassert their control over corporate  da ta  processing. The 

stridency of the crisis rhetoric used  in  this period  reflects the increasingly 

contested na tu re  of this struggle over the intellectual and  occupational 

boundaries of the  nascent program m ing profession.

O stensibly a debate abou t the "one best w ay" to m anage a com puter 

p rogram m ing  project, the softw are crisis w as in  reality  a  series of highly 

contested social negotiations abou t the role of electronic com puting  -  and  of 

com puting professionals — in m o d em  corporate an d  academ ic organizations.

Because the labor crisis in  p rogram m ing  has b een  so w idely  referred to and 

w ritten  about, it serves as an  ideal launching p a d  for an  exploration of other, less 

fam iliar issues in  the h isto ry  of software. Softw are represen ts a crucial link

8 John Golda, "The Effects of Computer Technology on the Traditional Role of 
Management," (MBA thesis, Wharton School, University of Pennsylvania, 1965), 34

5

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



www.manaraa.com

6 From "Black Art" to Industrial Discipline

betw een  the  com puter a nd  its larger social and  econom ic environm ent. In  o rder 

to take full advan tage  of the prom ise of inform ation  technology, users h ad  to 

ad ap t it  to their ow n  particular system s and  processes. Software is w h a t m ade 

the com puter useful. It transform ed the laten t p o w er of a general-purpose 

m achine in to  a specific tool for solving actual real-w orld  problem s. As the 

h isto rian  M ichael M ahoney has suggested, softw are applications are "w ha t m ake 

the com puter w o rth  having; w ithou t them  a com puter is of no m ore u tility  or 

value than  a  television set w ithout b roadcasting ."9 For m any  organizations, it 

w as the availability  of softw are tha t m ost de te rm ined  the success or failure of 

their com puterization  efforts. As com puter h a rd w are  becam e faster, m ore 

reliable, an d  less-expensive, the relative im portance o f softw are -  and  softw are 

developers - becam e even m ore pronounced.

This d issertation  attem pts to provides a connection betw een the h istory  of 

softw are an d  a larger literature on  labor and  social h isto ry  and the h istory  of 

technology. It reexam ines the perennial debate abou t p rogram m ing train ing  and  

m anagem ent in  term s of contem porary  debates abou t socially constructed 

notions of "skill," "know ledge," and  "p roductiv ity ." It describes the cu lture and  

m ethods of p rogram m ing  practice as they  developed  in  the late 1950s an d  early

9 Michael Mahoney, "Software: the self-programming machine," to appear in Creating 
M odem  Computing, ed. A. Akera and F. Nebeker, (New York: Oxford U.F, 
forthcoming).

6
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1960s, a n d  traces the  changes th a t occurred in  these practices as the 

p rog ram m ing  com m unity transform ed from  a tigh tly  kn it fam ily o f "com puter 

people" in to  a  d iverse and  h ighly  fragm ented  collection of p ro g ram m er/co d e rs , 

system s analysts, and  inform ation technology specialists. It focuses o n  the 

conflict be tw een  the craft centered practices of the  early  p rog ram m ers and  the 

"scientifically" o rien ted  m anagem ent techniques o f their corporate m anagers. It 

argues th a t the skills and  expertise that com pu ter p rogram m ers possessed  

transcended  trad itional boundaries be tw een  business know ledge a n d  technical 

expertise, a n d  th a t com puter p rogram m ers constitu ted  a substantia l challenge to 

established corporate  hierarchies and  p o w er structures. It suggests th a t the 

continued persistence of a "softw are crisis" m en tality  am ong industria l and  

governm ental m anagers, as w ell as the seem ingly  unrelen ting  quest o f these 

m anagers to  develop  a softw are developm ent m ethodology  th a t w o u ld  finally 

elim inate corporate  dependence on the craft know ledge of ind iv idua l 

p rogram m ers, can  best be understood  in  ligh t of th is struggle over w orkplace 

authority .

It shou ld  be noted, how ever, that the s tu d y  of labor processes p resen ts 

serious m ethodological challenges to h istorians. C onventional in terp reta tions of 

the softw are crisis are often based on the softw are  m anagem ent litera ture, w hich 

is typically b iased  tow ards the perspective o f em ployers and  m anagers. This

7
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litera ture  also tends to reflect an  ideal ra ther th an  reality . The voice of the 

w orker is rarely rep resen ted  in  the types of sources th a t historians are 

accustom ed to dealing  w ith . V ery little is know n ab o u t the experiences and  

a ttitudes of the typical softw are developer, o r ab o u t the  craft practices and  "shop 

floor" activities of p rog ram m ers.10 There is alm ost no  secondary  literature 

available on  this subject.

In  an  a ttem p t to coun ter the traditional bias to w ard s  m anagem ent 

perspectives, I  deliberately  chose to construct m y n arra tiv e  a round  an  eclectic 

collection of source m ateria l and  perspectives. The ongo ing  debate abou t the 

softw are labor crisis has been  passionate, contentious, a n d  replete w ith  

am biguities and  self-contradictions. The fact th a t the  com m unity  of softw are 

w orkers included bo th  form er theoretical physicists an d  H elen  G urley B row n's 

"Cosm o Girls" is n o t an  incidental curiosity; it is a n  essential elem ent of the labor 

h isto ry  of softw are.11 O ne of the  goals of this d isserta tion  is to convey the sense 

of excitem ent an d  d ram a experienced by  early  softw are w orkers.

10 Michael Mahoney has more fully described these difficulties in his "The History of 
Computing in the History of Technology," Annals o f the H istory o f Com puting 10,2 
(1988), 113-125.
11 In 1968, at the height of the software crisis, Helen Gurley Brown, the controversial 
editor of Cosmopolitan M agazine, published an article encouraging her "Cosmo Girls" 
to become programmers. The article provoked a strong reaction on the part of male 
programmers with professional aspirations. See Lois Mandel, "The Computer Girls," 
Cosmopolitan M agazine (April, 1967), 52-56.

8
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The In tro d u c tio n  describes the origins of the com puter program m ing as an  

occupational a n d  academ ic discipline, an d  explores the emergence of a so-called 

"softw are crisis" in  the late 1950s and  1960s. I t focuses on  the conflict betw een 

the "art of p rogram m ing" and  the "science" of softw are engineering. It argues 

th a t by  rep resen ting  the a rt of p rogram m ing  as a com plex blend of creative 

genius an d  technical acum en, "exacting an d  difficult enough to require real 

intellectual ability ," its practitioners w ere able lay claim  to the professional sta tus 

associated w ith  sim ilarly dem anding  an d  creative endeavors.12 A lthough 

corporate m anagers w ere often frustrated  by their dependence on  the 

idiosyncratic techniques of indiv idual p rogram m ers, there was little evidence or 

experience to suggest tha t they  h ad  any alternative. The psychological studies 

an d  ap titude  tests that com panies used  to identify  potential program m ers 

reinforced conventional w isdom  by  suggesting  tha t good program m ers, like 

gifted chess p layers or m usicians, w ere bom , n o t m ade.

By the beg inn ing  of the 1960s, how ever, a  changing social and  technical 

environm ent p ro m p ted  a re-evaluation of the na tu re  and  causes of the softw are 

crisis. C hap te r O ne describes attem pts to develop technical solutions to the 

softw are crisis. N ew  "autom atic p rogram m ing" system s such as FORTRAN an d

12 B. Conway, Business experience with electronic com puters, a synthesis o f what has 
been learned from  electronic data processing installations. (Controllers Institute 
Research Foundation, Inc.: New York, 1959), p. 81.

9
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COBOL prom ised  to "elim inate the m idd lem an" by  allow ing users to p rogram  

their com puters directly, w ith o u t the need  for expensive p rog ram m ing  talent.13 

A lthough these technologies th rea tened  the professional au tonom y of 

program m ers, they  also served  as a focus for p roductive  theoretical research, and  

helped  establish com puter science as a  legitim ate academ ic discipline.

By the end  of the 1960s the search for a  "silver bullet" so lu tion  to the 

softw are crisis h ad  tu rned  aw ay  from  program m ing  languages and  tow ards 

m ore com prehensive techniques for m anaging  the  p rog ram m ing  process. 

C hap te r Two explores the changing relationship  betw een  softw are w orkers an d  

their corporate em ployers. Faced w ith  a new  a n d  pow erfu l challenge to their 

occupational territory , trad itional m anagers a ttem pted  to reassert their control 

over corporate d a ta  processing. They a ttem pted  to im pose o n  softw are 

developm ent lessons learned  from  trad itional industria l m anufacturing. Like 

m ost professional m anagers in  this period , they  assum ed th a t the p roper 

m anagem ent of p rogram m ing  projects w as sim ply  a m atter o f identifying and  

im plem enting the "one best w ay" to develop softw are com ponents.

C hapter T hree focuses o n  the attem pts of p rogram m ers to establish the 

institutional structures associated w ith  professionalism : un iversity  curricula;

13 RAND Symposium, "On Programming Languages, Part II," Datamation 8,11 (1962); 
Fred Gruenberger and Stanley Naftaly, eds., Data Processing.Practically Speaking (Los 
Angeles: Data Processing Digest, 1967), 85.
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certification program s; professional associations; a n d  codes of ethics. I t argues 

th a t the p rofessionalization  of com puter p rog ram m ing  represented  a p o ten tial 

so lu tion  to the  softw are crisis tha t appealed  to p rogram m ers and  em ployers 

alike. The controversy  th a t su rrounded  the various professional institu tions th a t 

w ere established  in  this period , how ever, reveals the deep divisions th a t existed 

w ith in  the p ro g ram m in g  com m unity  abou t the na tu re  of p rogram m ing  skill and  

the fu ture of the p rog ram m ing  professions.

The E p ilogue relates the events of the 1960s to subsequent developm ents in 

softw are engineering. It suggests th a t th ink ing  ab o u t the invention of this 

discipline as a  series of interconnected social an d  political negotiations, rather 

th an  an  iso lated  technical decision about the "one best w ay" to develop softw are 

com ponents, p rov ides an  essential link betw een in ternal developm ents in  

inform ation technology and  their larger social an d  historical context.

11
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Introduction: Inventing the Computer Programmer

Creativity is a major attribute of technically oriented people. Look for those who like 
intellectual challenge rather than interpersonal relations or managerial decision-making. 
Look for the chess player, the solver of mathematical puzzles.1

"Selection of EDP Personnel," Personnel Journal (1965)

Another striking characteristic of programmers is their disinterest in people. Compared 
w ith other professional men, programmers dislike activities involving close personal 
interaction. They prefer to work w ith things rather than people.2

"Vocational Interests of Computer Programmers," Journal o f A pplied. Psychology (1967)

I. Inventing the Computer Programmer

For alm ost as long as there  has been  software, there has been  a  softw are 

crisis.3 Lam ents abou t the inability  of softw are developers to p roduce  p roducts 

o n  tim e, w ith in  budget, and  o f acceptable quality and  reliability have been  a 

stap le  of industry  literature from  the early  decades of com m ercial com puting  to 

the  present. The "softw are g ap "  of the 1950s led to "softw are tu rm oil"  in  the 

early  1960s and  by  the end  of the decade h a d  em erged as a full-blow n "softw are

1 Joseph O'Shields, "Selection of EDP Personnel," Personnel Journal44, 9 (October 1965), 
472.
2 Dallis Perry and William Cannon, "Vocational Interests of Computer Programmers," 
Journal o f A pplied Psychology51,1 (1967).
3 The first known use of the word "software" appears in a 1959 article by  the Princeton 
statistician John Tukey. See John Tukey, "The Teaching of Concrete Mathematics," 
Am erican M athem atical M onthly6 5 ,1 (1958). By early 1962 Daniel McCracken was 
already lamenting the "software turmoil" that threatened to "set the software art back 
several years." ("The Software Turmoil: Nine Predictions for '62," Datam ation 8,1 
[1962]). References to the "Gap in  Programming Support" appear even earlier (Robert 
Patrick, "The Gap in Programming Support," Datamation 7,5 [1961]).

12
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crisis." D espite num erous attem pts to address this crisis, either by  the 

in troduction  of n ew  "autom atic program m ing" technologies or the im position of 

new  m anagerial controls on  the software developm ent process, the rhetoric of 

crisis has con tinued  to dom inate discussions abou t the  health  and  fu tu re  of the 

softw are industry . In  the w ords of one industry  observer, b y  the m iddle of the 

1980s "the softw are crisis [had] become less a  tu rn ing  p o in t than  a  w ay  of life."4

This chap ter explores the historical construction of the softw are crisis as a 

crisis of p rog ram m ing  labor. It argues th a t m any  of the crucial innovations in 

m o d em  softw are developm ent — high-level p rog ram m ing  languages, structured  

p rogram m ing  techniques, and  software engineering  m ethodologies, for exam ple 

-  reflect corporate concerns about the supply , train ing , an d  m anagem ent of 

program m ers. In  their role as m ediators betw een the technical system  (the 

com puter) and  its social environm ent (existing structu res and  practices), 

com puter p rogram m ers have always p layed a cm cial role in  defining w hat the 

com puter is an d  w h a t it could be used for. They also served  as a focus for 

opposition  to an d  criticism  of the use of inform ation technology. M uch of the 

rhetoric of the softw are crisis, for example, has focused o n  the character and 

practices of p rogram m ers.

4 John Shore, "Why I Never Met a Programmer I Could Trust," Communications o f the 
ACM 31, 4 (1988).
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D espite the ir obvious im portance to the h isto ry  of com m ercial com puting, 

w e know  alm ost no th ing  about the background a n d  practices of the average 

w ork ing  com pu ter program m er. In m any respects com puter p rogram m ers are 

the u n su n g  heroes of the com puter and  in form ation  revolution. The A ndrei 

Ershov h as  gone so far as to call them  "the lynchp in  of the second industria l 

revo lu tion ."5 A nd  y e t p rogram m ers have long  com plained  abou t the  low  status 

of their p ro fession  an d  its lack of public recognition.6 In  any  case, by  the end  of 

the 1960s there  w ere m ore than  three h u n d red  thousand  of these generally  

anonym ous p rogram m ers and  system s analysts w ork ing  in  the U nited  States 

alone. C learly  this large and  influential g roup  of com puter users d id  n o t sim ply 

appear o u t  of th in  a ir to m eet the burgeoning  d em ands of corporate com puter 

installations. In  a com plex process that took several decades, and  w hich  has 

probably  still n o t ye t been com pleted, the com pu ter p rog ram m er h ad  to be 

painstak ing ly  invented.

It m ig h t seem  o d d  to talk  abou t the inven tion  o f an  occupation. A fter all, 

invention  is a w o rd  tha t usually  reserved for m achines, ra ther than  people or 

groups of people. A nd  yet historians have long  suggested  th a t technological 

innovators, includ ing  the designers of electronic com puters, also invent the k ind

5 A.P. Ershov, "Aesthetics and the Human Factor in Programming," Communications o f  
the ACM 15, 7 Quly, 1972), 503.
6 Daniel McCracken, "The Human Side of Computing," Datamation 7,1 (1961), 9-10; 
C.J.A., "In defense of programmers," Datamation 13, 9 (1967); Datamation Editorial, 
"Editor's Readout: The Certified Public Programmer," Datamation 8,3 (1962).
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of people they  expect to use their innovations.7 The tw o acts of inven tion  are in 

fact inseparable: assum ptions m ade  ab o u t w ho w ill be using a technology, how, 

an d  for w h a t purposes, inevitably influence its even tual design. This m eans that 

the invention  of the user, like the inven tion  of the technology itself, is often a 

h igh ly  contested  social process involv ing  conflict a n d  negotiation. M uch of the 

discourse abou t the softw are crisis, for exam ple, focuses no t so m uch  on  the 

softw are itself as on  the character a n d  practices o f its u se r/p ro g ram m ers.

In the  case of the electronic com puter, this p rocess of " inven ting" the user 

w as particu larly  controversial. The decades of the 1950s and  1960s w ere a 

period  o f rap id  and  fundam ental changes in  the technology an d  practice of 

com puting. W hereas in the early  1950s electronic com puters w ere  generally 

regarded  as in teresting b u t ex travagant scientific curiosities, by  1963 these 

devices an d  their associated peripherals form ed the  basis of a  b illion-dollar 

industry . By the end  of the decade, m ore than  165,000 com puters h a d  been 

installed  in  the U nited  States alone, and  the com puter and  softw are industries 

em ployed  several hun d red  thousand  indiv iduals w orld-w ide.8 W hile the high- 

tech appeal of electronic com puting  appealed  to m an y  corporate executives, few 

h a d  any  idea how  to effectively in tegrate  th is novel technology in to  their existing

7 See, for example, Thierry Bardini, Bootstrapping: Douglas Englebart, Coevolution, and  
the Origins o f Personal Com puting (Stanford, CA: Stanford University Press, 2000), 103.
8 Kenneth Flamm, Creating the com puter governm ent, industry, and high technology 
(Washington, D.C: Brookings Institute, 1988), 135.
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social, political, and  technological netw orks. The adop tion  of th is expensive, 

unfam iliar, and  often unreliable technology posed  challenging problem s, bo th  

social an d  technical, for even the m ost m otivated  corporate m anagers.

A s the electronic com puter m oved  o u t of the laboratory and  into the 

m arketplace, it became an  increasingly valuable sources of professional and  

institu tional pow er an d  authority. By v irtue  of their control over this pow erfu l 

n ew  technology, com puter specialists w ere often gran ted  an unprecedented  

degree  of independence and  au thority  b y  high-level m anagers. The system s they  

developed  often replaced, or at least substantially  altered, the w ork  of trad itional 

w hite-collar em ployees. D epartm ental m anagers, no t unsurprisingly , often 

resen ted  the perceived im positions of the  com puter personnel, regard ing  them  as 

th rea ts  to their position and  status.9 They a ttem pted  to reassert control over 

opera tional decision-m aking by redefin ing  program m ers as narrow  specialists 

and  "m ere technicians." The result w as a  highly-charged struggle over the 

p ro p er place of the p rogram m er in  trad itional occupational and  professional 

hierarchies.

O ver the course of the 1950s an d  1960s, the identity  of the com puter 

p rog ram m er w as continually invented  an d  reinvented in  response to a changing

9 T. Alexander, "Computers Can't Solve Everything," Fortune (October, 1969), 169; 
Thomas Whisler, "The Impact of Information Technology on Organizational Control," in 
The Im pact o f Com puters on Management, Charles Myers (Ed.) (Cambridge, MA: MIT 
Press, 1967), 44.
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social a n d  technical environm ent. C orporate em ployers p referred  p rogram m ers 

w ho w ere  reliable, business-oriented, and  w ho  p roduced  straightforw ard, easy- 

to-m aintain  softw are. C om puter scientists p riv ileged  m athem atical train ing  an d  

theoretical rigor. O thers pu rsued  professional agendas m odeled after a w ide 

range of trad itional disciplines including m edicine, engineering, and  accounting.

A ll of the m ajor technical innovations developed  in  this period reflected 

com peting  visions of w hat a program m er w as and  should  be. The designers of 

the FORTRAN program m ing  language, for exam ple, h ad  in  m ind a very 

d ifferent m odel of the p rogram m er than  d id  the COBOL committee. The form er 

w as designed  to allow  m athem atically sophisticated users to p rogram  scientific 

algorithm s; the latter for readability, ease-of m aintenance, and  m achine 

independence. E m bedded in  each of these system s of technology and  practice 

w as a p articu lar m odel of w hat the users of these inventions should look like. 

W as the idealized com puter program m er a  rou tin ized  laborer in a Taylorized 

"softw are factory" or a  skilled, autonom ous professional? Should program m ers 

base their occupational identity  on the m odel of the eng ineer/scien tist or the 

certified public accountant? Should they  em phasize craft technique or abstract 

know ledge? D id they  need  to be college educated  or sim ply a vocational school 

g raduate? Should they be m ale or female? The answ ers to each of these questions 

h ad  significant im plications for the role of electronic com puting -  and  of

17
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com puting professionals — in m odem  corporate  and  academ ic organizations. It 

is no w onder, therefore, th a t they  w ere n o t read ily  resolved  in  this, or for that 

m atter any  o ther, period  in  the history  of com puting.

Programmers as Clerical Workers

The first clear articu la tion  of w hat a p ro g ram m er w as and  shou ld  be w as 

prov ided  in  the late 1940s by  H erm an G oldstine and  John von  N eum ann  in a 

series o f volum es on  "Planning and  C oding  o f Problem s for an  Electronic 

C om puting  Instrum ent." These volum es, w hich  served  as the  p rincipal textbooks 

on the p rog ram m ing  process a t least un til the early  1950s, ou tlined  a clear 

division of labor in  the  program m ing  process th a t seem s to have been  based on  

the practices u sed  in  p rogram m ing  the ENIAC. These practices w ere them selves 

adap ted  from  those u sed  a t the large m anual com putation  projects a t the nearby 

A berdeen P rov ing  G rounds. In  these projects, the m ost senior w om en  (by this 

poin t in  tim e "com puting" h ad  becom e a n  a lm ost exclusively fem inine 

occupation), developed  elaborate "plans of com putation" tha t w ere carried out 

by  their fellow  h u m a n  "com puters." Since electronic com puting  w as envisioned 

by the ENIAC developers as "noth ing  m ore th an  an  au tom ated  form  of hand

18
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com putation ," it seem ed n a tu ra l that sim ilar p lans could be constructed  for their 

electronic coun terparts.10

D raw ing o n  their experience w ith  the ENIAC, G oldstine and  v o n  N eum ann 

spelled  o u t a six-step p rogram m ing  process: (1) conceptualize the problem  

m athem atically  an d  physically, (2) select a  num erical a lgorithm , (3) do  a 

num erical analysis to determ ine precision requirem ents an d  evaluate  potential 

problem s w ith  approxim ation  errors, (4) determ ine scale factors so th a t the 

m athem atical expressions stay  w ith in  the fixed range of the com puter 

th ro u g h o u t the com putation, (5) do the dynam ic analysis to u n d ers tan d  how  the 

m achine w ill execute jum ps an d  substitu tions du ring  the course of a 

com putation , an d  (6) do the static coding. The first five of these tasks w ere to be 

done by  the "planner" w ho w as typically the scientific user an d  overw helm ingly 

often  w as m ale; the sixth task  w as to be carried  ou t by  "coders"—alm ost always 

fem ale (at least in  the ENIAC project). C od ing  w as regarded  as a "static" process 

b y  G oldstine an d  von  N eum ann, one tha t involved  w riting  o u t steps of a 

com putation  in  a form  that could  be read  b y  the m achine, such as punching  

cards, or in  the case of ENIAC in  p lugging  cables and  setting  sw itches. Thus 

there w as a  d iv ision  of labor envisioned th a t gave the m ost skilled w o rk  to the

10 David Alan Grier, "The ENIAC, the verb 'to program ' and the Emergence of Digital 
Computers," Annals o f the H istory o f Comp uting  18:1 (1996), 53.
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high-status m ale scientists an d  the low est skilled w ork  to the low -status female 

coders.

The use of the w o rd  "coder" in  this context is significant. "C oding" im plied 

m anual labor, an d  m echanical translation  o r rote transcription; "coders" 

obviously ranked  low  on the intellectual an d  professional hierarchy. It w as not 

un til later, th a t the now  com m onplace title of "program m er" w as adop ted . The 

verb  "to p rogram ," w ith  its m ilitary connotations of "to  assem ble" or "to  

organize," suggested  a  m ore thoughtfu l and  system  orien ted  activity.11 

T hroughou t the next several decades, how ever, p rogram m ers strugg led  to 

distance them selves from  the status (and gender) connotations suggested  by 

"coder." A n early  m anuscrip t version of the UNIVAC "In troduction  to 

P rogram m ing" m anual, for exam ple, highlighted the distinction  betw een the 

m anagerial "program m er" and  the technical "coder":

...in p rob lem  preparation , the detailed  w ork m ay be accom plished b y  two 
individuals. The first, w ho m ay be called the "program m er,"  stud ies the 
problem , determ ines the appropria te  m ethod of solution, and  p repares the 
flow chart. This person  m ust be w ell versed in the particu lar field in  
w hich the problem  lies, and  should  also be able to fu lly  exploit the 
flexibility and  versatility  of the UNIVAC system . The second person, 
referred to as the "coder" need only be familiar w ith  the technique of

11 Ibid.
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reducing  the flow  chart to the specific instructions, o r coding, requ ired  b y  
the UNIVAC to solve the problem .12

By differentiating betw een these tw o tasks, one clerical an d  the other 

analytical, the m anual reinforced the G o ld stin e /v o n  N eum ann  m odel of the 

p rogram m er. In th is m odel the real business of p rogram m ing  w as analysis: the 

actual coding  aspect of program m ing w as triv ial an d  m echanical. "Problem s 

m u st be thorough ly  analyzed to determ ine the m any  factors th a t m u st be taken  

into consideration," suggested the sam e p relim inary  UNIVAC m anual, b u t the 

once this analysis h ad  been com pleted, the "p a tte rn  of the [program m ing] 

so lu tion  w ould  be readily apparen t."  A lthough  th is d ivision of the  p rogram m ing  

process into tw o distinct and unequal phases d id  n o t survive in to  the published  

version of the UNIVAC docum entation, its early  inclusion h igh ligh ted  the 

persistence of the p ro g ram m er/coder distinction.

O ver the course of the next decade, how ever, the line be tw een  coder and  

p rogram m er becam e increasingly am biguous. As the ENIAC m anagers and  

"coders" soon realized, for exam ple, controlling the operation  of a n  autom atic 

com puter w as no th ing  like the process of h an d  com putation, a n d  the M oore 

School "girls" w ere therefore responsible for defin ing the first state-of-the-art 

m ethods of p rogram m ing practice. P rogram m ing  w as a very  im perfectly

12 Sperry Rand Univac, "Introduction to Programming," Program m ing fo r the UNIVAC, 
Part 1 (typewritten manuscript, dated 11 June 1949). Hagley Achives, Box 372, Accession 
1825. Emphasis is mine.
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understood  activity in  these early  days, and  m uch  m ore of th e  w o rk  devolved  on 

the  coders than  anticipated. To com plete their coding, the coders w o u ld  often 

have to revisit the dynam ic analysis; and  w ith  their g row ing  skills, som e 

scientific users left m any  o r all six of the program m ing  stages to  the coders. In 

o rd er to debug  their p rog ram s an d  to distinguish  hardw are g litches from  

softw are errors, they d eveloped  an  intim ate know ledge of the  ENIAC 

m achinery. "Since w e knew  b o th  the application and  the m achine," claim ed 

ENIAC program m er Betty Jean Jennings, "w e learned to d iagnose  troubles as 

w ell as, if no t better than , the  engineers."13 The m odel of the p ro g ram m er as 

"coder" -  and  p rogram m ing  as unskilled clerical labor -  failed to  correspond  to 

the reality im posed by  the  technology. The professional an d  in te llectual 

opportunities offered b y  a p rogram m ing  career becam e increasing ly  ap p aren t to 

m any of the m ale scientists and  engineers on the ENIAC an d  o th e r  h ardw are  

projects. As a result, p rog ram m ing  began to be "reinvented" as a n  legitim ate and 

h igh-status discipline, a t  least w ith in  the confines of the co m p u tin g  com m unity.

The “Black Art” of Programming

A lthough they con tinued  to struggle to w ith  questions o f s ta tu s  an d  identity,

b y  the end  of the 1950s com puter program m ers w ere generally  considered  to be

any th ing  b u t routine clerical w orkers. A 1959 Price-W aterhouse rep o rt on

13 W. Barkley Fritz, "The Women of Eniac," Annals o f the H istory o f  C om puting 18, 3 
(1996), 20.
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"Business Experience w ith  Electronic C om puters" a rg u ed  th a t "h igh  quality 

individuals are  the  key to top grade program m ing. W hy? Purely  an d  sim ply 

because m uch  o f the  w o rk  involved is exacting and  difficult enough  to require 

real intellectual ability  a n d  above average personal characteristics."14 In fact, the 

s tudy 's  au thors suggested , "the term  'program m er' is ... un fo rtunate  since it 

seems to indicate th a t the  w ork  is largely m achine orien ted  w h en  this is no t a t all 

the case ... tra in ing  in  system s analysis and design is as im portan t to a 

p rogram m er as tra in in g  in  m achine coding techniques; it m ay w ell become 

increasingly im p o rtan t as system s g e t m ore com plex an d  coding  becom es m ore 

autom atic."15 A lthough  G oldstine an d  von N eum ann  h a d  envisioned a clear 

division of labor be tw een  "p lanners" and "coders," in  reality  th is boundary  

becam e increasingly indistinct. As Willis W are indicated in  a 1965 guest editorial 

in  D atam ation,

..it is clear th a t only  a p a rt - perhaps a sm all pa rt, a t th a t - of the 
p rog ram m ing  process is involved w ith  actually using  a language for 
w riting  rou tines. M uch of the program m ing process involves intellectual 
activity, m athem atical investigation, discussions betw een  people, etc.
Very often, ind iv iduals w ho are trained as p rogram m ers actually  do the 
early stages of the p rogram m ing  process b u t they  m ay  very  w ell w rite no 
routines....O ne m an  w ho participated in  the SAGE initial p rogram m ing

14 B. Conway, J. Gibbons, and D.E. Watts, Business experience with electronic computers, 
a synthesis o f w hat has been learned from electronic data processing installations (New 
York: Price Waterhouse, 1959), 81.
15 Ibid, 89-90.
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has estim ated...that one half of the total p rogram m ing  m an-hours...w as for 
analysis and  definition of the  problem .16

The clear im plication of recent experience, in  bo th  scientific com putation  and  

business data  processing, w as th a t program m ers should  be g iven  m ore 

responsibility  for design  and  analysis, th a t the idea that coding could  be left to 

less experienced o r low er-grade personnel w as "erroneous," an d  th a t "the 

h u m an  elem ent is crucial in p rogram m ing ."17

This new -found em phasis on  p rogram m er skill and  creativ ity  led  to a subtle 

redefin ition  of the na tu re  and  causes of the softw are crisis. In  the  early  p a rt of the 

1950s the solution to the "softw are tu rm oil" w as believed to be  the m ass- 

p roduction  of new  program m er trainees. By the beginning of the  1960s the 

p rob lem  had  becom e the m ore subtle m atter of p rogram m er personnel selection: 

of "find ing  - and keeping - 'the rig h t people '".18 Indeed, by  the m idd le  of the 

1950s, a new  m odel for program m ing  h ad  em erged tha t em phasized  indiv idual 

expertise and  creativity. D uring th is period  com puters rem ained  a prim arily  

scientific and  m ilitary  technology, and  com puter p rogram m ing  as a discipline 

reta ined  a close association w ith  the  practice of m athem atics. The lim itations of 

early  hardw are devices often m ean t th a t a sim ple p rogram m ing  prob lem  could 

quickly tu rn  into a research excursion into algorithm  theory a n d  num erical

16 Willis Ware, "As I See It: A Guest Editorial," Datamation 11,5 (1965), 27.
17 Conway, Business experience with electronic computers, 90.
18 Robert Gordon, "Personnel Selection," in Fred Gruenberger and Stanley Naftaly, eds., 
Data Processing. Practically Speaking (Los Angeles: Data Processing Digest, 1967), 87-88.
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analysis. C om puter p rog ram m ers developed  a repu ta tion  for creativ ity  and  

ingenuity . C ontem porary  storage devices w ere so slow  and  h a d  such  little 

capacity  th a t p rogram m ers h ad  to develop  g rea t skill and  craft know ledge to fit 

their p rogram s into the  available m em ory  space. As John Backus (the IBM 

researcher best know n as the inven to r o f the FORTRAN p rog ram m ing  language) 

w o u ld  later describe the situation , "p rogram m ing  in  the 1950s w as a  black art, a 

p riv a te  arcane m a tte r .. .each p rob lem  required  a un ique  beginn ing  a t  square  one, 

a n d  the  success of a p rog ram  d ep en d ed  prim arily  on  the  p ro g ram m er's  private  

techniques an d  inventions."19

This reliance on  ind iv idual creativ ity  and  clever "w ork -arounds" created  the 

im pression  th a t p rog ram m ing  w as indeed  m ore of an  a rt th an  a science. This 

no tion  w as reinforced by  a series of ap titu d e  tests an d  personality  p rofiles tha t 

suggested  tha t com puter p rogram m ers, like chess m asters or v irtuoso  m usicians, 

w ere  endow ed  w ith  a un iquely  creative ability. G reat d isparities w ere 

d iscovered  betw een the p roductiv ity  of ind iv idual p rogram m ers. O ne well- 

know n  IBM study  determ ined  th a t tru ly  excellent p rogram m ers w ere  tw enty-six 

tim es m ore efficient tha t th a t p ro d u ced  by  their m erely  average colleagues.20 

D espite the serious m ethodological flaw s tha t com prom ised th is particu la r study

19 Nick Metropolis, J. Howlett, and Gian-Carlo Rota, eds., A  h istory o f com puting in the 
tw entieth century a collection o f essays (New York: Academic Press, 1980), p. 126.
20 Hal Sackman, W.J. Erickson, and E.E. Grant, "Exploratory Experimental Studies 
Comparing Onling and Offline Programming Performance," Com munications o f the 
A C M 11,1 (1968).
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(including a  sam ple popu la tion  of only tw elve indiv iduals), the  26:1 perform ance 

ratio quickly becam e p a r t  of the standard  lore o f the industry . Dr. E.E. D avid  of 

Bell T elephone L aboratories spoke for m any  w h en  he a rg u ed  th a t large softw are 

projects cou ld  never be m anaged  effectively, because "the v a s t range of 

p rog ram m er perform ance indicated earlier m ay m ean  tha t it is difficult to obtain  

better size-perform ance softw are using m achine code w ritten  b y  a n  arm y of 

p rog ram m ers of lesser average caliber."21

In  th is new  m odel of the "a rt of p rogram m ing ,"  creative p rog ram m ers w ere 

a  h igh ly  va lued  com m odity , an d  w ere o ften  g ran ted  a  g rea t dea l o f personal 

au tho rity  an d  professional autonom y. O ne industry  observer w en t so far as to 

argue th a t the "m ajor m anagerial task is find ing  - and  keeping  - "the righ t 

people": w ith  the righ t people, all p roblem s vanish ."22 P rogram m ers w ere 

selected for their intellectual gifts and  ap titudes, ra ther th an  the ir business 

know ledge or m anagerial savvy. "Look for those w ho like in tellectual challenge 

ra ther th an  in terpersonal relations or m anagerial decision-m aking. Look for the 

chess p layer, the solver o f m athem atical puzzles."23 Skilled p rog ram m ers w ere 

th o u g h t to be effectively irreplaceable, an d  w ere treated  an d  com pensated  

accordingly.

21 Peter Naur, Brian Randall, and J.N. Buxton, ed., Software engineering Proceedings o f 
the NA TO conferences (New York: Petrocelli/Carter, 1976), 33.
22 Gordon, "Personnel Selection," 88.
23 Joseph O'Shields, "Selection of EDP Personnel," Personnel Journal 44, 9 (October
1965), 472.
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II. The Labor Crisis in Programming

By the beg inn ing  of the 1960s developm ents occurred in b o th  the  technical 

an d  social env ironm ent of electronic com puting tha t p rom p ted  new  efforts to 

"re inven t" the program m er. Com m ercial m anufacturers such as IBM began 

p ro d u cin g  general pu rpose  com puters th a t w ere relatively reliable, affordable, 

an d  easy to program . They also p ro v id ed  the services and  peripherals necessary 

to  integrate the electronic com puter into existing system s an d  processes. As the 

com puter becam e m ore of a tool for business than  a scientific in sta lm en t, the 

n a tu re  of its use -  and  of its p rim ary  user, the com puter p rog ram m er -  changed 

dram atically. The projects that business p rogram m ers w orked  on  tended  to be 

larger, m ore h igh ly  structured, and  less m athem atical than  those involved in 

scientific com puting. The needs of business dem anded  a w hole new  breed of 

p rogram m ers, an d  p len ty  of them.

As the m arket for commercial com puters changed and  expanded , the 

dem and  for qualified program m ers increased accordingly. In  1962 the editors of 

D atam ation  declared  th a t "first on  anyone's checklist of professional problem s is 

the  m anpow er shortage of both  tra ined  and  even un tra ined  program m ers, 

operators, logical designers and  engineers in a variety  of flavors."24 Five years 

later, "one of the  p rim e areas of concern" to electronic data  p rocessing (EDP)

24 Datamation Editorial, "Editor's Readout: A Long View of a Myopic Problem," 
Datamation 8,5 (1962), 21.
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m anagers w as still "the  shortage of capable program m ers,"  a  shortage w hich  h ad  

"p ro found  im plications, n o t only for the  com puter in d u stry  as it is now , b u t for 

how  it can be in  the fu ture."25 One w idely  q uo ted  study  from  the late 1960s 

no ted  th a t a lthough  there w ere already 100,000 program m ers w orking  in  the 

U nited States, there w as an  im m ediate need  for a t least 50,000 m ore.26 

"C om petition  for p rogram m ers has d riv en  salaries up  so fast," w arned  a 

contem porary  article in  Fortune m agazine, " th a t p rog ram m ing  has becom e 

probably  the coun try 's  h ighest paid  technological occupation...Even so, som e 

com panies can 't find experienced program m ers a t any  p rice ."27

Faced w ith  an  grow ing shortage of skilled program m ers, em ployers w ere 

forced to low er their h iring  standards. M any large softw are corporations in  this 

period  underw ro te  expensive internal tra in ing  program s, "n o t because they  w an t 

to do it, b u t because they have found it to be an  absolute necessary ad junct to the 

operation  of their business."28 Vocational schools sp rung  u p  all over the coun try  

prom ising  h igh  salaries and  dazzling career opportunities. A n article in 

C osm opolitan  M agazine u rged  H elen G urley  B row n's "C osm o Girls" to go o u t 

and  becom e "com puter girls" m aking $15,000 a year as p rogram m ers. A t one

25 Richard Tanaka, "Fee or Free Software," Datamation 13,10 (1967), 205-206.
“ Quoted in Edward Markham, "Selecting a Private EDP School," Datamation 14,5 
(1968).
27 Gene Bylinsky, "Help Wanted: 50,000 Programmers," Fortune (March, 1967), p. 141.
28 James Saxon, "Programming Training: A Workable Approach," Datamation 9,12 
(1963), 48.
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p o in t the so-called "pop u la tio n  problem " in  softw are becam e so desperate that 

service bureaus in  N ew  York farm ed o u t p rogram m ing  w o rk  to inm ates a t the 

nearby  Sing-Sing prison , p rom ising  them  p erm anen t positions pend ing  their 

release!29

The influx of new  prog ram m er trainees a n d  vocational school graduates into 

the  softw are labor m ark e t failed to alleviate the  acute shortage of program m ers 

th a t p lagued  the industry , how ever. In fact, one study  b y  the  Association for 

C om puting  M achinery 's Special Interest G roup  on  C om puter Personnel Research 

(SIGCPR) w arned  of a g row ing  o versu p p ly  o f a certain undesirab le  species of 

softw are specialist: "The ranks of the com puter w orld  are be ing  sw elled by 

g row ing  hordes of p rogram m ers, system s analysts and  re la ted  personnel. 

Educational, perform ance and  professional s tandards are v irtua lly  nonexistent 

and  confusion grow ths ram pan t in  selecting, train ing, and  assigning  people to do 

jobs."30 Em ployers an d  program m ers alike w ere  anxious to  p roduce  better 

s tandards for tra in ing  an d  curriculum , b u t it w as unclear to  w hom  they should 

tu rn  for guidance.

The obvious cand idates for establishing standards for p rog ram m ing  

com petency w ere the universities. A lthough com puter science in  the 1950s was 

n o t an  established discipline, m any of the larger research universities were

29 News Brief, "First Programmer Class at Sing Sing Graduates," Datamation 14, 6 (1968).
30 H. Sackman, "Conference on Personnel Research," Datamation 14,7 (1968).
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beginning  to offer g radua te  train ing  in com puter-re la ted  specialties. But since 

academ ic com pu ter scientists w ere strugg ling  in  th is period  to define a unique 

intellectual iden tity  for their discipline, they  focused o n  developing  a theoretical 

basis for their d iscipline, rather than  p rov id ing  tra in ing  in  practical techniques.

As com pu ting  becam e m ore business-oriented the m ism atch betw een 

un iversity  tra in ing  a n d  the needs of em ployers becam e even m ore apparent. 

M any corporations saw  these university  p rogram s — m ost of w hich  focused on 

form al logic a n d  num erical analysis -  as b e ing  increasingly out-of-touch w ith  the 

needs of the ir business. As the com puter scientist R ichard H am m ing  poin ted  ou t 

in  his 1968 T uring  A w ard  Lecture, "Their experience is th a t g raduates in our 

p rogram s seem  to be m ainly interested in  p lay ing  gam es, m aking fancy 

p rogram s th a t really  do no t w ork, w riting  trick p rogram s, etc., an d  are unable to 

discipline their o w n  efforts so tha t w hat they  say  they  w ill do gets done on  time 

an d  in  practical form ."31

H am m ing  w as h a rd ly  the only m em ber o f the com puting  com m unity to find 

fault w ith  the increasingly  theoretical focus of con tem porary  com puter science. 

As early  as 1958 a B ureau of Labor repo rt o n  The E ffects o f  E lectronic C om puters 

on the E m ploym en t o f  C lerical W orkers h ad  no ted  a g row ing  sense of corporate

31 Richard Hamming, "One Man's View of Computer Science," chap. in  ACM  Turing 
A w ard Lectures: The F irst Twenty Years, 1966-1985(New York: ACM Press, 1987). The 
Turing Award was one of the first, and most prestigious, academic awards granted in 
computer science.
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disillusionm ent w ith  academ ic com puter science: "M any em ployers no  longer 

stress a s trong  background  in  m athem atics for p rogram m ing of business or other 

m ass data  if candidates can dem onstra te  an  ap titude  for the  work. C om panies 

have been  filling m ost positions in  this new  occupation by  selecting em ployees 

fam iliar w ith  the subject m atter an d  giving them  train ing  in  p rogram m ing  

w ork ."32 A cadem ic com puter scientists so u g h t to re inven t the p rog ram m er in  

the m odel of the  research  scientist; corporate em ployers resisted  w h a t they  saw  

as "a  sort of holier th an  th o u  academ ic intellectual so rt of en terprise ."33 The 

tension betw een  these com peting visions of w hat a p rog ram m er shou ld  be only 

served  to exacerbate the perceived shortage of "qualified" p rogram m ers.34

In  any  case, the relatively  sm all num ber of colleges an d  universities th a t d id  

offer som e form  of practical p rogram m ing  experience w ere  unable to p rov ide  

trained  p rogram m ers in  anyw here  near the quantities requ ired  by  industry . As a 

result, asp iring  softw are personnel often pursued  alternative form s of vocational 

training. Some w ere recru ited  for in-house instruction p rog ram s p rov ided  by  

their em ployers. IBM p rov ided  p rogram m ing  training services to m any  of its 

clients. O thers enro lled  in  the num erous private  EDP tra in ing  schools th a t began

32 William Paschell, Autom ation and em ploym ent opportunities for office workers; a 
report on the effect o f  electronic com puters on em ploym ent o f clerical workers (Bureau 
of Labor Statistics, 1958), 11.
33 Rand Symposium, 1969. Charles Babbage Institute Archives, CBI78, Box 3, Fid. 4.
34 This seems to be as true in the 1990s as it was in the 1960s. See W. Gibbs, "Software's 
Chronic Crisis," Scientific American (September 1994), 86.
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to appear in  the  mid-1960s. These schools w ere generally  profit-oriented 

enterprises m ore in terested  in  quan tity  than  quality. For m any  of them  the "only 

m eaningful en trance requirem ents are a h igh  school d ip lom a, 18 years of 

age...and the ability  to pay ."35 The m ore legitim ate schools orien ted  their 

curricula tow ards the  requirem ents of industry . The vocational schools suffered 

from  m any of the  sam e problem s th a t p lagued  the universities: a shortage of 

experienced instructo rs, the lack of established s ta n d a rd s  and  curricula, and  

general uncerta in ty  ab o u t w hat skills and  ap titudes m ad e  for a qualified 

program m er. "C ou ld  y o u  answ er for m e the question  as to w ha t in  the eyes of 

industry  constitu tes a 'qualified' p rogram m er?" p lead ed  one D atam ation  reader. 

"W hat education, experience, etc. are  considered to  sa tisfy  the 'qualified' 

status?"36 The p rob lem  w as n o t only  that the universities and  vocational schools 

could no t p rov ide  the  type of educational experience th a t in terested  corporate 

em ployers; the rea l issue w as tha t m ost em ployers w ere  sim ply  n o t a t all sure 

w ha t they w ere looking  for.

III. Programmers as Professionals

M any softw are personnel w ere keenly aw are of the  crisis of labor and  the 

tension it w as p ro d u c in g  in  their in d u stry  and  p rofession , as well as in  their ow n

35 Edward Markham, "EDP Schools - An Inside View," Datam ation 14,4 (1968), 22. The 
scandalous conditions of EDP schools were a frequent topic in the industry literature, 
and some companies imposed strict "no EDP school graduate" policies.
36 John Callahan, "Letter to the editor," Datamation 7, 3 (1961), 7.

32

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



www.manaraa.com

Inventing the Com puter Programmer 33

ind iv idual careers. A lthough  com puter specialists in  general w ere appreciative 

of the sho rt-term  benefits of the softw are labor sho rtage  (above average salaries 

an d  p len tifu l opportun ities for occupational m obility), m an y  believed that a 

continued crisis th rea tened  the long-term  stability  an d  repu ta tion  of their 

industry  an d  profession.

C oncerns ab o u t the future of their occupation w eighed  heavily on  the m inds 

of m any  program m ers. W hat w as the appropria te  career p a th  for a softw are 

w orker? "There is a tendency," suggested the A CM  SIGCPR, "for p rogram m ing 

to be a 'dead-end ' profession for m any ind iv iduals, w ho , no  m atter how  good 

they  are  as p rogram m ers, will never m ake the tran sition  in to  a supervisory  slot. 

A nd, in  too m any  instances this is the only road  to  advancem ent."37 W hereas 

trad itional engineers w ere often able (and in  fact expected) to climb the corporate 

ladder into m anagem ent positions, program m ers w ere  often  denied this 

opportun ity .38 It w as n o t clear to m any corporate em ployers how  the skills 

possessed b y  program m ers w ould  m ap onto the skills requ ired  for m anagem ent. 

P art of the p rob lem  w as the lack of a uniform  p ro g ram m er "profile." There w as 

no "typical" p rogram m er. The educational an d  occupational experience of 

p rogram m ers varied  dram atically from  ind iv idual to ind iv idual and  w orkplace

37 Datamation Report, "The Computer Personnel Research Group," Datamation 9,1 
(1963), 38.
38 Louis Kaufman and Richard Smith, "Let's Get Computer Personnel on the 
Management Team," Training and D evelopm ent Journal (December, 1966), 25-29.
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to  w orkplace. There w as a  vast gulf, for exam ple, "betw een the system s 

p rog ram m ers - w ho m ust tam e the b east the com puter designers build  - and  the  

applications p rogram m ers - w ho m ust then  train  the tam ed beast to perform  for 

the  users."39 It w as possible for tw o program m ers sitting side by  side — and 

m anaged  b y  the sam e data  processing m anager and  h ired  by  the sam e personnel 

adm in istra to r - to be w orking  on  entirely  different types of projects each 

requ iring  distinctly  different sets of skills and experience.

M any of the job advertisem ents in  the late 1960s and  early  1970s reflected the 

concerns th a t program m ers h ad  regard ing  their occupational fu ture and  

longevity. "A t Xerox, w e look a t p rog ram m ers...and  see m anagers."40 "W orking 

y o u r w ay  tow ards obsolescence? A t MITRE professional g row th  is lim ited only  

by  your ability ."44 "Is your p rogram m ing  career in  a  closed loop? Create a loop 

exit for yourself a t [the Bendix Corporation]."42 Like their counterparts in the 

1990s, p rogram m ers in  this period  w ere w orried  abou t burn ing  o u t by  age forty. 

C orporations strugg led  to reta in  the em ployees in  w hom  they h ad  invested so 

m uch  tim e and  m oney in  recruiting and  training. The average annual

39 Christopher Shaw, "Programming Schisms," Datamation 8, 9 (1962), 32.
40 Xerox Corp., "At Xerox, we look at programmers and see managers (ad)," Datamation 
14,4 (1968).
41 Mitre Corp., "Are You Working Your Way Toward Obsolescence (ad)," Datamation 
12, 6 (1966).
42 Bendix Computers, "Is Your Programming Career in a Closed Loop (ad)?" Datamation
8, 9 (1962).
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is your programming career in a closed loop?
Have you programmed your career into a corner? Create a loop exit for 

yourself.. .apply for one o f  m a n y  openings in the area of AUTOMATIC 

PROGRAMMING SYSTEMS, MONITORS and EXECUTIVE SYSTEMS, 
SCIENTIFIC APPLICATIONS and WRITERS at Bendix Computer Division.

Bendix Computer has been a leading manufacturer of digital computing 

system s for LG years . . .  has long enjoyed a reputation for leadership. Grow

ing acceptance of the Bendix G-20 and new military computer system s has 

created exceptional opportunities. The resulting combination of leadership 

and growth will help you out of that iterative loop . . .  and into a new open- 

ended career.

Check it out for yourself. Call or write: Mr. William Keefer, Manager, 
Professional S taff Relations, Bendix Computer Division, 5630 Arbor Vitae 

Street, Los Angeles 45, California.

Bendix C o m p u te r  Division

86
C lftC lC  K3 O N  CEAOCK C A 8 0

D R T A M flT IO N

Figure 0.1: Advertisement for Bendix Computing, c. 1967.
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tu rnover rate  in  the industry  approached  25%, a n d  a t one edp  installation 

tu rnover reached m ore th an  10% p e r  m onth. Poor m anagem ent, long hours, and  

easy m obility "too often m ade an  already m obile w orkforce absolutely liquid."43 

O ne p rob lem  w as a labor m arke t th a t p rov ided  plentifu l opportun ities for 

experienced developers: "O nce a m an  is taugh t the  skills, he  m ay be h a rd  to 

keep. C om panies tha t use their com puters for unrom antic  com m ercial purposes 

risk  losing their p rogram m ers to m ore glam orous fields such  as space 

exploration."44 M anagers a ttribu ted  excessive em ployee tu rnover to the  tight 

labor m arket, unscrupu lous "body  snatchers and  o ther recru iting  vultures,"45 

and  the  inheren t fickleness of over-paid, p rim a donna  p rogram m ers. H ow ever, a 

1971 s tudy  o f job satisfaction and  com puter specialists suggested  tha t the 

m ajority of p rogram m ers va lued  the psychological benefits of their w ork  -  in 

term s of self-developm ent, recognition, and  responsibility  -  over its financial 

rew ards.46 W hat p rogram m ers disliked w as the im position  of the "ultra-strict

43 "EDP's Wailing Wall," Datamation 13, 7 (1967), 21. While this high level of turnover 
was no doubt disruptive, it hardly compares to that experienced in certain traditional 
manufacturing industries. During the Ford Motor Company's 'labor crisis' of 1914, 
annual employee turnover reached 380%. Turnover in the contemporary software 
industry still averages 19% (based on the 11th Annual Salary Survey, Computerworld, 
September 1,1997).
44 Bylinsky, "Help Wanted: 50,000 Programmers," 168.
45 John Fike, "Vultures Indeed," Datamation 13,5 (1967), 12.
46 Enid Mumford, Job Satisfaction: A stu dy o f com puter specialists (London: Longman 
Group Limited, 1972), 93.
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industria l eng ineering  and accounting type contro ls" aim ed a t lim iting their 

professional au tonom y .47

D espite their concerns about the status a n d  fu tu re  of their profession, 

softw are developers in  this period  seem ed to ho ld  the position of pow er in  the 

lab o r/m an ag em en t relationship. P rogram m ers w ere able to vote w ith  their feet 

on  m any  crucial aspects of the term s and  condition  of their em ploym ent. Large 

governm en t projects h ad  difficulty attracting qualified  program m ers, in p a rt 

because of sa lary  considerations b u t m ostly because they  w ere seen as boring  

and  rigid. A s one contem porary o rganizational sociologist suggested, 

p rog ram m ers appeared  to be "one group  of specialists whose w ork  seem s ideally 

struc tu red  to p rov ide  job satisfaction."48 W hat is curious, how ever, is that 

p rog ram m ers on  the whole do no t seem  to have  transla ted  their m onopoly  of the 

softw are labor m arke t into stable long-term  career prospects. They w ere unable 

to establish m any  of the institutional structures an d  supports trad itionally  

associated w ith  the professions. A lthough sta rting  salaries w ere h igh  and 

ind iv idual p rogram m ers were able to m ove w ith  relative ease horizontally  

th ro u g h o u t the industry , there w ere precious few  opportunities for vertical

47 Robert Head, "Controlling Programming Costs," Datamation 13, 7 (1967), 141.
48 Mumford, Job Satisfaction, 175.
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advancem ent.49 M any program m ers w orried  abou t becom ing obsolete, and  felt 

pressure  to constantly  upgrade their technical skills.50 M ost significantly, 

how ever, they  faced the open hostility  of m anagers. It w as no secret th a t m any 

corporate m anagers in this period  w ere only too eager to im pose new  

technologies an d  developm ent m ethodologies th a t prom ised to elim inate w hat 

they saw  as a  dangerous dependency on  p rogram m er labor.51

IV. Programmers and Managers

By the end  of the 1960s new  developm ent elevated the debate over 

p rogram m er train ing  and recruitm ent to the level of national crisis. In  the first 

half o f the decade innovations in transistor and  in tegrated circuit technology had  

increased the m em ory size a nd  processor speed  o f com puters by  a  factor of ten, 

p rov id ing  an  effective perform ance im provem ent of alm ost a hu n d red . The 

falling cost of hardw are allow ed com puters to be used  for m ore an d  larger 

applications, w hich  in  tu rn  requ ired  larger and  m ore complex softw are. As the 

scale of softw are projects expanded, they becam e increasingly difficult to 

supervise and  control. They also becam e m uch m ore expensive. Large softw are 

developm ent projects acquired a repu ta tion  for being  behind-schedule, over-

49 James Jenks, "Starting Salaries of Engineers are Deceptively High," Datamation 13,1 
(1967), 13.
50 Datamation Editorial, "Learning a Trade," Datamation 12,10 (1966), 21.
51 Avner Porat and James Vaughan, "Computer Personnel: The New Theocracy - or 
Industrial Carpetbaggers," Personnel Journal48, 6 (1968), 540-543.
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budge t, and  bug-ridden . By 1968 the language o f crisis dom ina ted  all 

discussions ab o u t the  health  and  fu ture  of the industry .

The percep tion  o f that a  softw are crisis w as im m inent focused unw elcom e 

a tten tion  on  program m ers an d  their practices. Faced w ith  rising  softw are costs, 

an d  threatened  b y  the  unprecedented  degree of au tonom y th a t corporate 

executives seem ed to g ran t to "com puter people," m any  corporate m anagers 

began  to reevaluate  their largely  hands-off policies tow ards program m er 

m anagem ent. W hereas in the 1950s com puter p ro g ram m ing  w as w idely 

considered to be  a un iquely  creative activity -  an d  therefore alm ost im possible to 

m anage using conventional m ethods — by the end  of the 1960s new  perspectives 

o n  these p roblem s began  to appear in  the industry  literature. A n  influential 

rep o rt by the venerab le  m anagem ent consulting firm  of M cKinsey & C om pany 

suggested  th a t the  real reason tha t m ost data  p rocessing installations w ere 

unprofitable  is th a t "m any otherw ise effective top  m anagem ents...have  

abdicated control to  staff specialists - good technicians w ho have neither the  

opera tion  experience to know  the jobs tha t need do ing  no r the au thority  to get 

them  done r ig h t."52 The sam e qualities th a t had  p rev iously  been  thought 

essential indicators of program m ing  ability, such as creativ ity  and  a m ild degree 

of personal eccentricity, now  began to be perceived as be ing  m erely

52 McKinsey & Company, "Unlocking the Computer's Profit Potential," Com puters & 
Autom ation (April 1969), 33.
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unprofessional. As p a rt of their rhetorical construction  of the softw are crisis as a  

p rob lem  of p rogram m er m anagem ent, corporate  m anagers o ften  accused 

p rog ram m ers of lacking professional s tan d ard s  an d  loyalties: " . . .  too frequently  

these people [program m ers], w hile exhib iting  excellent technical skills, are non

professional in  every o ther aspect o f their w ork ."53 M any of the  technological, 

m anagerial, an d  economic w oes of the  softw are industry  becam e w rapped  up  in  

the crisis of software m anagem ent.

There is no  lack of evidence of pervasive m anagem ent d issatisfaction w ith  

b o th  program m ers and  the p rog ram m ing  process. We have a lready  described 

the enorm ous expenses incurred  in  the  train ing , recruitm ent, a n d  retention of 

softw are specialists. A nd since labor costs com prised  alm ost the  entire cost of 

any  softw are developm ent project, any  increases in  p rog ram m er efficiency or 

reductions in  personnel im m ediately  im pacted  the bottom  line. In  addition, 

softw are specialists had  acquired a negative  repu ta tion  in  the  eyes of corporate 

m anagers as being intractable and  individualistic. A ccording to  one unflattering  

depiction, a  p rogram m er "doesn 't w a n t to be questioned, d o esn 't w an t to 

account accurately and  in  detail for h is tim e .. .H e doesn 't w a n t to be 

supervised...doesn 't w an t to supervise. Says he w ants responsibilities, b u t gripes

53 Malcolm Gotterer, "The Impact of Professionalization Efforts on the Computer 
Manager," chap. in Proceedings o f 1971 A C M  Annual Conference (New York: 
Association for Computing Machinery, 1971), 368.
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if they 're  assigned to h im ...T he com puter w as acquired for him , n o t for 

operating  resu lts ...It's  no t a pretty  profile..."54 A w idely  quo ted  psychological 

s tudy  th a t identified as a "striking characteristic of p rog ram m ers...th e ir 

d isin terest in  people," reinforced the m anagers' contention th a t p rogram m ers 

w ere insufficiently concerned w ith  the larger interests of the  com pany .55 The 

apparen t unw illingness of program m ers to abandon the  "black a rt of 

p rogram m ing" for the "science" of softw are engineering w as in terp reted  as a 

deliberate affront to m anagerial authority: "The technologists m ore closely 

identified w ith  the digital com puter have been the m ost a rrogan t in  their w illful 

d isregard  of the na tu re  of the m anager's job. These technicians have clothed 

them selves in  the garb of the arcane w herever they could  do  so, thus alienating 

those w hom  they  w ou ld  serve."56 The rein terpretation  of the softw are crisis as a 

p roduct of poor p rogram m ing  technique and  insufficient m anagerial controls 

suggested tha t the softw are industry, like the m ore trad itional m anufacturing  

industries of the early  tw entieth  century, w as drastically in  need  of a m anagerial 

and  technical overhaul.

54 Datamation Editorial, "Checklist for Oblivion," Datamation 10,9 (1964), 23.
55 Perry and Cannon, "Vocational Interests of Computer Programmers."
56 Datamation Editorial (1966), 22.
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V. Engineering a Solution

There are num erous o ther w ays in  w hich  the highly contested na tu re  o f the 

"inven tion" of the program m er w as reflected in  this period. The ongoing 

controversy  abou t the content of com puter science curricula, periodic scandals 

abou t the  sharp  practices of fly-by-night "EDP training schools," the seem ingly 

endless debates abou t the relative m erits of various program m ing languages - all 

p o in t to  a  self-conscious concern on  the p a rt o f program m ers about their ow n  

am biguous occupational identity. The g rea t em phasis that contem porary  

observers o f the softw are crisis place on  issues of professional developm ent 

argue for the historical significance of this struggle for status and  autonom y.

In  the late 1960s, in the w ake of 1968 NATO Conference, a  new  m odel for 

situating  the professional p rogram m er w as invented. Software engineering 

em erged as a com pelling solution to the softw are crisis in  p a rt because it w as 

flexible enough  to appeal to a w ide varie ty  of com puting practitioners. The 

am biguity  of concepts such as "professionalism ," "engineering discipline," and  

"efficiency" allow ed com peting interests to participate in a shared  discourse that 

nevertheless enabled  them  to pu rsue  vastly  d ifferent personal and  professional 

agendas. In dustry  m anagers adop ted  a definition of "professionalism " tha t 

p ro v id ed  for educational and  certification standards, a tightly  disciplined 

w orkforce, a n d  increased corporate loyalty. C om puter m anufacturers looked to

42

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



www.manaraa.com

Inventing the Com puter Programmer 43

"engineering discipline" as m eans of coun tering  charges of incom petence and  

cost-ineffidency. A cadem ic com puter sd en tis ts  p referred  a h ighly  form alized 

approach to softw are engineering  that w as b o th  intellectually respectable and  

theoretically rigorous. W ork ing  p rogram m ers ten d ed  to focus on  the m ore 

personal aspects of professional accom plishm ent, in d u d in g  autonom y, sta tus, 

and  career longevity. The softw are engineering  m odel seem ed to offer 

som ething to everyone: s tan d ard s, quality, academ ic respectability, sta tus and  

autonom y.

By considering  the softw are  engineering m ovem ent in  term s of a larger 

process of professional developm ent, w e can  better u n ders tand  w hy it succeeded 

(on a rhetorical level, a t least, if no t in actual practice) w ere o ther system s and  

m ethodologies have failed m iserably. T hinking  abou t the invention  of a 

discipline as a series of interconnected so d a l and  political negotiations, ra ther 

than a n  isolated technical decision abou t the "one best w ay" to develop softw are 

com ponents, p rov ides a n  essential link betw een  in ternal developm ents in  

inform ation technology a n d  their larger social an d  historical context.
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However, in the present crisis, considerably increased attention is being given to the 
development of highly polished automatic programming languages and systems, 
especially along the lines of source language compilers. Very sophisticated assembly 
systems, debugging systems, operating systems, simulators and translators are being 
developed to meet an ever-mounting need for better tools.1

"Trends in Programming Concepts," Datamation (1961)

Is a language really going to solve this problem? Do we really design languages for use 
by w hat we m ight call professional programmers or are we designing them for use by 
some sub-human species in order to get around training and having good 
programmers? Is a language ever going to get around the training and having good 
programmers?2

RAND Sym posium  on Programming Languages (1962) 

I. Automatic Programmers

The first commercial electronic d ig ita l com puters becam e available in  the 

early  1950s. For a  short period  the focus of m ost m anufacturers w as o n  the 

developm en t of innovative hardw are . M ost of the users of these early  com puters 

w ere large an d  technically sophisticated  corporations and  governm ent agencies. 

In  the  m idd le  of the decade, how ever, u sers and  m anufacturers alike becam e 

increasingly  concerned w ith  the rising  cost of softw are developm ent. By the 

beg inn ing  of the 1960s, the origins o f "softw are turm oil" th a t w ould  soon

1 Ascher Opler, "Trends in Programming Concepts," Datamation 7,1 (1961):13-14.
2 RAND Symposium, "On Programming Languages, Part I," Datamation 8,10 (1962): 29- 
30.
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becom e a  full-blow n softw are crisis were readily  apparen t.3 As larger and  m ore 

am bitious softw are projects w ere attem pted, and  the shortage of experienced 

p rogram m ers becam e m ore pronounced, industry  m anagers began  to look for 

w ays to reduce costs by  sim plifying the p rogram m ing  process. A  num ber of 

potential solutions w ere  proposed: the use of ap titude  tests an d  personnel 

profiles to identify the  tru ly  gifted "superprogram m ers;" u p d a ted  train ing 

standards and  com puter science curricula; and  new  m anagem en t m ethods that 

w ould  allow  for the use of less-skilled laborers. The m ost p o p u la r and  w idely 

adop ted  solution, how ever, w as the developm ent of "autom atic  p rogram m ing" 

technologies. These new  tools prom ised to "elim inate the m idd lem an" by 

allow ing users to p ro g ram  their com puters directly, w ith o u t the need  for 

expensive p rogram m ing  talent.4 The com puter w ou ld  p rog ram  itself.

O ver the course of the next several decades, h u n d red s  of autom atic 

p rogram m ing  system s and  languages w ould be developed. Some of these w ere 

special purpose languages specifically designed for ve ry  lim ited problem  

dom ains. O thers w ere  academ ic exercises in tended to  explore new  theories of 

com puter science. M ost of these systems, how ever, w ere  designed  explicitly as a 

m eans of addressing  the burgeoning  software crisis, e ither by  elim inating the

3 See Daniel McCracken, "The Software Turmoil: Nine Predictions for ’62," Datamation 
8,1 (1962); Robert Patrick, "The Gap in Programming Support," Datamation 7, 5 (1961).
4 RAND Symposium, "On Programming Languages, Part II," Datamation 8,11 (1962); 
Fred Gruenberger and Stanley Naftaly, eds., Data Processing. Practically Speaking (Los 
Angeles: Data Processing Digest, 1967), 85.
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need  for skilled  program m ers or as a  "m eans of replacing the id iosyncratic 

'a rtis tic ' e thos tha t has long  governed  softw are w riting  w ith  a  m ore  efficient, 

cost-effective engineering m ind-set."5 For m any  trad itional m anagers in  this 

period , the  optim al solution to a troublesom e m anufacturing  p rob lem  w as 

autom ation . Autom atic p rogram m ers w o u ld  constitute a ra tional "softw are 

factory" th a t w ould  reduce costs, im prove efficiency, a nd  elim inate quality  

problem s.

D espite their associations w ith  deskilling and  routin ization , au tom atic  

p rog ram m ing  systems could also w o rk  to the benefit of occupational 

p rog ram m ers and  academ ic com puter scientists. H igh-level p ro g ram m ing  

p rom ised  to reduce the ted ium  associated w ith  m achine coding, an d  allow ed 

p rog ram m ers to focus on  m ore system -orien ted  — and  h igh  sta tus — tasks such  as 

analysis an d  design. Language design  a n d  developm ent served  as a focus for 

p roductive  theoretical research, an d  he lped  establish com puter science as a 

legitim ate academ ic discipline. A nd  autom atic  program m ing  system s never did 

succeed in  elim inating the need  for skilled program m ers. In m any  w ays, they  

con tribu ted  to the elevation of the profession, rather than  the reverse , as w as 

orig inally  in tended  by som e and  feared  by  others.

5 David Morrison, "Software Crisis," Defense 21, 2 (1989), 72.
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In  order to u n d e rs tan d  w h y  autom atic p rog ram m ing  languages w ere such  

an  appealing solution to the softw are crisis, as w ell as w h y  they  apparen tly  had  

so little effect on  the outcom e or severity of the crisis, it  is essential to consider 

these languages as parts  o f larger social and  technological system s. This chapter 

w ill describe the em ergence of p rogram m ing languages as a  m eans of m anaging  

the complexity of the p rog ram m ing  process. It w ill trace  the developm ent of 

several of the m ost p ro m in en t autom atic p rogram m ing  languages, particu larly  

FORTRAN and  COBOL, an d  w ill situate these technologies in  their appropria te  

historical context. Finally, it w ill explore the significance of these technologies as 

potential solutions to the  ongoing  software crisis of the  late 1960s and  early  

1970s.

Assemblers, Compilers, and the Origins of the Sub-Routine

A t the heart of all every  "autom atic p rogram m ing" system  w as the no tion  

th a t com puter could be used , a t least in certain lim ited situations, to generate the 

m achine code required  to  ru n  itself or other com puters. This w as a n  idea of great 

practical appeal: a lthough  program m ing  w as increasingly seen  as legitim ate and 

challenging intellectual activity , the actual coding of a p ro g ram  still involved 

ted ious and painstak ing  clerical work. For exam ple, the  single instruction to 

"A d d  the short num ber in  m em ory location 25," w h en  w ritten  o u t in  the 

m achine code understood  by  m ost com puters, w as sto red  as a b inary  num ber
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such as 111000000000110010. This b inary  no tation  w as obviously difficult for 

hum ans to rem em ber an d  m anipulate. As early  as 1948, researchers a t 

C am bridge U niversity  began  w orking  o n  a system  to rep resen t the sam e 

instruction  in  a  m ore com prehensible form at. The sam e instruction to "A dd the 

sh o rt num ber in  m em ory  location 25," could  be w ritten  o u t as A  25 S, w here A 

stood  for "add ,"  25 w as the decim al address of the m em ory  location, and  S 

indicated  that a "sho rt"  num ber w as to be used.6 A  C am bridge Ph.D. studen t 

nam ed  D avid W heeler w ro te  a sm all p rog ram  called "Initial O rders" that 

autom atically  transla ted  this symbolic no tation  into the b inary  m achine code 

requ ired  by  the com puter.

The focus of early  attem pts to develop autom atic p rogram m ing  utilities w as 

on  elim inating the m ore unp leasan t aspects of com puter coding. A lthough in 

theo ry  the actual process of p rogram m ing w as relatively straightforw ard , in 

practice it w as quite difficult and  tim e-consum ing. A  single error in  any  one of a 

thousand  instructions could  cause an  entire p rog ram  to fail. Sim ply getting a 

p rog ram  to w ork  p ro p erly  often involved hours o r days of laborious effort. As 

ano ther C am bridge researcher, M aurice W ilkes w ou ld  later v ividly recall: "It had  

n o t occurred to m e th a t there was going to be any  difficulty about getting  

p rogram s working. A nd  it w as w ith  som ew hat of a  shock th a t I realized that for

6 This example comes from Martin Campbell-Kelly and William Aspray, Computer: A  
H istory o f the Information Machine (New York: Basic Books, 1996), 182.
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th e  res t of m y  life I w as going to spend  a  good deal of m y  tim e finding m istakes 

th a t I h a d  m ade in  m y  p rogram s."7

These errors, or "bugs" as they  soon cam e to be know n, w ere often 

in troduced  in  the process of transcrib ing or reusing code fragm ents. W ilkes and  

o thers soon  realized that there w as a g rea t deal of code tha t w as com m on to 

differen t p rogram s — a set of instructions to calculate the sine function, for 

exam ple. In  add ition  to assigning his s tu d en t D avid W heeler to the developm ent 

of the "Initial O rders" program , W ilkes se t h im  to the task  of assem bling a 

lib rary  of such com m on "subroutines." This m ethod  of reusing previously 

existing code becam e one of the m ost pow erfu l techniques available for 

increasingly program m er efficiency. The publication in 1951 of the first textbook 

o n  the P reparation o f  P rogram s fo r  an E lectronic D ig ita l C om pu terby  W ilkes, 

W heeler, and  C am bridge colleague Stanley Gill he lped  dissem inate these ideas 

th ro u g h o u t the nascent p rogram m ing  com m unity.8

W hile W ilkes, W heeler and  Gill w ere refining their notions of a subroutine 

library , program m ers in  the U nited  States w ere developing  their ow n techniques 

for elim inating som e of the ted ium  associated w ith  coding. In  1949 John 

M auchly  of Univac created his "Short O rder C ode" for the BINAC com puter.

7 H.S. Tropp, "ACM's 20th Anniversary: 30 August 1967," Annals o f the H istory o f 
Computing*), 3 (1988), 269.
8 Maurice Wilkes, David Wheeler, and Stanley Gill, Preparation o f Programs for an 
Electronic D igital Com puter (Reading, MA: Addison-Wesley, 1951).
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The Short O rd e r Code allow ed  M auchly  to d irectly  en ter equations into the 

BINAC using  a  fairly conventional algebraic notation. The system  d id  n o t 

actually  p roduce  p rogram  code, how ever: it w as an  in terp retative  system  that 

m erely  called u p  predefined subrou tines an d  d isp layed  the result. N evertheless, 

the Short O rd e r Code rep resen ted  a  considerable im provem en t over the standard  

b inary  instruction  set.

In  1951 Grace H opper, an o th e r U nivac em ployee, w ro te  the first au tom atic  

p rog ram  "com piler." A lthough  H opper, like m any  o ther p rogram m ers, h ad  

benefited  from  the developm ent o f a subroutine  lib rary , she also perceived  the 

lim itations associated w ith  its use. In  o rder to be w ide ly  applicable, subroutines 

h a d  to be w ritten  as generically as possible. They all s ta rted  a t line 0 a n d  w ere 

num bered  sequentially from  there. They also used  a s ta n d ard  set of reg ister 

addresses. In  o rd er to m ake use  of a subroutine, a  p rog ram m er had  to b o th  copy 

the  rou tine  code exactly and  m ake  the necessary ad justm ents to the register 

addresses by  ad d in g  an offset ap p ro p ria te  to the particu lar p rog ram  a t hand . 

A nd, as H o p p er w as later fond of asserting, p rog ram m ers w ere  bo th  "lousy  

ad d ers"  an d  "lousy  copyists!"9 The process of u tiliz ing  the subrou tine code 

a lm ost inevitably  added  to the  n u m ber of errors th a t even tually  had  to be 

"debugged ."

9 Richard Wexelblat, ed., H istory o f program m ing languages (New York: Academic 
Press, 1981), 10.
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To avo id  the  problem s associated w ith  m anually  copying an d  m anipulating  

subroutine libraries, H o p p er developed  a system  to autom atically  gather 

subroutine code an d  m ake the  app rop ria te  address adjustm ents. The system  

then  "com piled" the  subroutines in to  a com plete m achine p rogram . H er A-0 

com piler d ram atically  reduced  the tim e required  to  p u t  together a w orking 

application. In  1952 she extended the  language to include a sim pler m nem onic 

interface. For exam ple, the m athem atical sta tem ent X + Y = Z could  be w ritten  as 

ADD 00X 00Y 00Z. M ultip ly ing  Z  by  T to give W  w as MUL 00Z 00T 00W. The 

com bination o f an  algebraic-language interface a n d  a  subrou tine  com piler 

became the basis for a lm ost all m o d em  program m ing  languages. By the end  of 

1953 the A-2 com piler, as it w as th en  know n, w as in  use a t the A rm y M ap 

Service, the  A ir C ontroller, L iverm ore Laboratories, N ew  York U niversity, the 

Bureau of Ships, an d  the D avid Taylor M odel Basin. A lthough  it w ou ld  take 

som e tim e before autom atic  p rogram m ing  system s w ere un iversally  adopted , by 

the m iddle o f the 1950s the technology w as well o n  its w ay  to becom ing an 

essential e lem ent of p rog ram m ing  practice.

II. The Tower of Babel

O ver the  course of the next several decades, m ore th an  a  th ousand  code 

assem blers, p rog ram m ing  languages, and  other au tom atic  p rog ram m ing  system s 

w ere developed  in  the  U nited  States alone. U nderstand ing  h o w  these system s
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w ere used , how  and  to w hom  they  w ere m arketed, and  w hy  there w ere  so m any 

of th em  is a crucial aspect of the h isto ry  of the p rogram m ing  professions. 

A utom atic  program m ing  languages w ere the first, and  perhaps the m ost 

p o p u lar, response to the burgeoning  softw are crisis of the  late 1950s a n d  early 

1960s. In  m any  w ays the entire h isto ry  of com puter program m ing  -  b o th  social 

and  technical -  has been defined b y  the search for a  "silver bullet" capable of 

slay ing  w h a t Frederick Brooks fam ously  referred to as the w erew olf o f "m issed 

schedules, b low n budgets, and  flaw ed p roducts."10 The m ost obvious so lution to 

w h a t w as often perceived to be a technical problem  w as, no t surprisingly , the 

developm ent of better technology.

A utom atic  p rogram m ing languages w ere an appealing  solution to the 

softw are crisis for a num ber of reasons. C om puter m anufacturers w ere 

in terested  in  m aking softw are developm ent as straightforw ard  and  inexpensive 

as possible. A fter all, as an  early in troduction  to p rogram m ing  on  the UNIVAC 

rem inded  pointedly, "the sale and  acceptance of these m achines is, to som e 

extent, rela ted  to the ease w ith  w hich  they can be program m ed. As a result, a 

g rea t deal of research has been done, or is being done, to m ake p rogram m ing

10 Frederick P. Brooks, "No Silver Bullet: Essence and Accidents of Software 
Engineering," IEEE Computer, 20,4 (1987), 10-19.
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sim pler and  m ore understandable..."11 A dvertisem ents for early  autom atic  

p rogram m ing  system s often m ade ou trageous and  unsubstan tia ted  claim s about 

the ability of their system s to sim plify the  p rogram m ing  process.12 In  m any  cases 

they  w ere specifically m arketed  as a replacem ent for h u m an  program m ers. Fred 

G ruenberger no ted  this tendency as early  as 1962 in  a w idely  dissem inated  

transcrip t of a RAND Sym posium  o n  Program m ing  Languages:

You know , I've never seen a h o t d o g  language come o u t ye t in  the last 14 
years - beginning w ith  Mrs. H opper's  A-0 com piler...that d id n 't  have tied 
to it the claim  in its b rochure th a t this one w ill elim inate all program m ers. 
The last one we got w as just th ree  days ago from  G eneral Electric (m aking 
the sam e claim  for the G-W IZ com piler) that this one w ill e lim inate 
program m ers. M anagers can n o w  do their ow n program m ing; engineers 
can do  their ow n program m ing , etc. As alw ays, the claim  seem s to be 
m ade tha t program m ers are n o t needed  anym ore.13

A dvertisem ents for these new  autom atic  p rogram m ing  technologies, w hich 

appeared  in  m anagem ent-oriented publications such as B usiness W eek  and  the 

W all S treetJou rn al rather than  D atam ation  o r the C om m unications o f  the ACM , 

w ere clearly aim ed at a pressing  concern: the rising costs associated w ith  finding 

an d  recru iting  talented p rogram m ing  personnel. This perceived shortage of 

p rogram m ers w as an  issue th a t loom ed large in  the m inds of m any  in d u stry  

observers. "First on  anyone's checklist o f professional p roblem s," declared  a

11 Sperry Rand Univac, An Introduction to Programming the UNTVAC1103A and 1105 
Com puting System s (1958) Hagley Archives, Box 372, Accession 1825.
12 John Backus, quoted in Wexelblat, H istory o f program m ing languages, 26.
13 RAND Symposium, "On Programming Languages: Part II," 25-26.
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1962 D atam ation  editorial, "is th e  m anpow er shortage of b o th  tra in ed  and  even 

un tra ined  program m ers, opera to rs, logical designers and  engineers in  a variety 

of flavors."14 The so-called "p rog ram m er problem " becam e a n  increasingly 

im portan t feature o f contem porary  crisis rhetoric. "C om petition  for 

p rogram m ers has d riven  salaries up  so fast," w arned  a 1967 article in  Fortune 

m agazine, " tha t p rogram m ing  has becom e probably  the co u n try 's  h ighest paid  

technological occupation ... E ven so, som e com panies can 't find  experienced 

p rogram m ers a t an y  price."15 A utom atic  p rogram m ing system s he ld  an  obvious 

appea l for m anagers concerned w ith  the rising costs of softw are developm ent.

There is an interesting gender aspect to many of these developments in automatic programming 
techologies. As male programmers attempted to differentiate themselves from lower-status 

coders and key-punch operators, they carefully distanced themselves from any possible 
association with activities identified as "women's work." Many of the advertisements for 

automatic programming languages and other office automation technologies used women as a 
visual proxy for less expensive, more tractable labor.

Figure 1.2 show s one of a series of advertisem ents tha t p resen ted  an 

unam biguous appea l to gender associations: m achines could n o t only  replace 

their hum an  fem ale equivalents, b u t w ere an  im provem ent o n  them . In  its "M eet 

Susie M eyers" advertisem ents for its PL / I  p rogram m ing language, the IBM 

C orporation  asked  its users an  obviously rhetorical question: "C an  a young  girl 

w ith  no previous p rogram m ing  experience find happiness h a n d lin g  bo th  

com m ercial and  scientific applications, w ithou t resorting  to a n  assem bler

14 Editorial, "Editor's Readout: A Long View of a Myopic Problem," Datamation 8,5 
(1962), 21-22.
15 Gene Bylinsky, "Help Wanted: 50,000 Programmers," Fortune (March, 1967), 141.
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language?" The answ er, of course, w as an en thusiastic  "yes!" A lthough the 

advertisem ent p rom ised  a  "brighter future for y o u r p rogram m ers," (who w ould  

be free to "concentrate m ore on  the job, less on  the  language") it also im plied a 

low-cost so lu tion  to the labor crisis in  software. The subtext of appeals like this 

w as non-too-subtle: If p retty  little Susie M eyers, w ith  her sp u n k y  m iniskirt and  

u tte r lack o f p rogram m ing  experience, could develop  softw are effectively in 

P L /1 , so could  ju s t about anyone.
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c C i:is t} l u t k  u i  a  K tv* ^f *i£ U i v u u c t L

O c r  n u b a j i f  t r j J k  t -p p rr  J tn i ( u * r r  . j i r f  

vfwfsOcr̂  t*> « ' * • ' ft? f
U u t  i< i»c i-*c i»c.| w c %  ^ n j l ' h  «. f

( U i k f i l  st^VT k-

r \n  *k «1i p u ;>  fc»-»t*pM«cr £»5k.C»j;n i*ui
■ * i*■• Jii . :*> c-i-:,

vKi* >ti*j »v il
f ;* r iru l  r r v f n t t  ».*▼.•. ‘c j -l i ^ y  a r t j  ‘ : a i ik : 'n  r c r ^ . ,

faL S * . t»w*5 A n d
i* irt mticr «wi‘l »•! voaf
iU l^ A a a c  i :  t p c a L i  t h e  u r x
• « m £ t» > 2 r £  <£• -+'4 ~

t» u t I lrc tfx ’ » v.* X cIt \ .i < ».<*. Kc«i.#?r
k -4 U  *C(>4akr  a l l  «*c aUr«.»»s a l l — n - u r  k .s»- 
g*nc?5 i n r r j t * * r  A r Utftt * » j r  *r »-.
.V.~iirs| fcfr r ^ c sc F ic a f i  AtLiLrcrw

I f  *vKr l*-»w a. » . ^ , r * c  a£*f»l~\«.tMwv »t 
e t c  <!).< (h r '< a tn c  t«*t } ih j  Tci*« -f»<r 
4 .-4  ACII ' t i l  •,■.>!

RECOGNITION EQUIPMENT IiHrvrpxir-stt?!

Figure 1.2: Advertisement from Datamation Magazine, c. 1968.
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Despite the d an g er o f autom atic program m ing  system s being  used  to elim inate 

their occupational m onopoly , m any p rogram m ers actively em braced this new  

technology. For those in teresting in advancing  the  academ ic s ta tus of com puter 

science, the design  of program m ing  languages p ro v id ed  an  ideal forum  for 

exploring the theoretical aspects of their discipline. M ore practically-oriented 

program m ers saw  program m ing  languages as a  m eans to  distance them selves 

from  the m ore ted ious aspects of m achine coding. Since "coding" had  

traditionally  b een  a n  activity associated w ith  low -status (and  predom inantly  

female) clerical w orkers, any  tool that allow ed p rog ram m ers to focus m ore on  

design and  analysis than  on  technical m inutia  w as inheren tly  desirable. As one 

review  of the R eport P rogram  G enerator (RPG) suggested , "W riting program s is 

fascinating and  rew ard in g  w ork  b u t the functions of m any  p rogram s are 

identical and  rew ritin g  these sections can n o t only  becom e tiresom e b u t also can 

get a p rog ram m er bogged  dow n on  one assignm ent and  unable to m ove quickly 

into a new  one."16 Languages such as RPG w ould  allow  program m ers to focus 

o n  m ore in teresting  an d  rew ard ing  levels of analysis.

W hatever the  m otivation  behind the developm ent an d  adop tion  of any 

particu lar au tom atic  p rogram m ing  system , by  the m idd le  o f the 1950s there w ere 

a num ber of these system s being proposed  by  various m anufacturers. Two of

16 Harry Leslie, "The Report Program Generator," Datamation 13, 6 (1967), 26-28.
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the m ost p o p u la r a n d  significant w ere FORTRAN and  COBOL, each developed 

by  v e ry  d ifferent g roups a n d  in tended  for very  different purposes.

FORTRAN

A lthough  Grace H o p p e r 's  A-2 com piler w as arguably  the  first m odem  

au tom atic  p rog ram m ing  system , the first w idely-used and  -d issem inated  

p rog ram m ing  language w as FORTRAN, developed in  1954-57 b y  a team  of 

researchers a t the IBM C orporation. As early  as 1953 the m athem atician  a nd  

p ro g ram m er John Backus h ad  p roposed  to his IBM em ployers the  developm ent 

of a  new , scientifically orien ted  p rogram m ing  language. This n e w  system  for 

m athem atical FO R m ula TRANslation w ou ld  be designed specifically for use 

w ith  the  soon-to-be-released IBM 704 scientific com puter: it  w o u ld  "enable the  

IBM 704 to  accept a  concise form ulation of a  problem  in term s of a m athem atical 

no ta tion  an d  [w ould] p roduce  autom atically  a high-speed 704 p rog ram  for the 

so lu tion  of the  problem ." The resu lt w ou ld  be faster, m ore reliable, and  less 

expensive softw are developm ent. FORTRAN w ould  n o t on ly  "v irtually  elim inate 

p rog ram m ing  an d  debugging ,"  b u t w ould  reduce opera tion  tim e, double 

m achine o u tp u t, and  p rov ide  a  m eans of feasibly investigating  com plex 

m athem atical m odels. In January  1954 Backus w as g iven th e  go-ahead by his 

IBM superiors, an d  a com pleted  FORTRAN com piler w as re leased  to all 704 

installations in  A pril 1957.
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From  the very  beginning, developm ent of the FORTRAN language was 

focused a round  a  single overarching design  objective: the  creation of efficient 

m achine code. Project leader John Backus w as h ighly  critical of existing 

autom atic p rogram m ing  systems, w hich he saw  as little m ore than  m nemonic 

code assem blers or collections of subroutines. He also felt little regard  for m ost 

contem porary  h u m an  program m ers, w ho he often derisively  insisted on 

referring to as "coders."17 In a  1980 article entitled "Program m ing in America in 

the 1950s - Some Personal Impressions," Backus fam ously  described 

program m ing  in  the 1950s as

... a black a rt, a p rivate  arcane m atter involving on ly  a  sm all library of 
subroutines, a n d  a prim itive assem bly p rogram . Existing program s for 
sim ilar problem s w ere unreadable and  hence cou ld  n o t be adapted  to new  
uses. G eneral p rogram m ing principles w ere largely  nonexistent. Thus 
each problem  required  a unique beginning a t square  one, and  the success 
of a p rogram  depended  prim arily on  the p rog ram m er's private  techniques 
and  inventions.18

A tru ly  autom atic  program m ing language, believed  Backus, w ould allow 

scientists and  engineers to com m unicate directly w ith  the  com puter, thus

17 When asked about the transformation of the "coder" into the programmer, Backus 
dismissively suggested that "it's the same reason that janitors are now called 
"custodians." "Programmer" was considered a higher class enterprise than "coder," 
and things have a tendency to move in that direction." This quote appears in Wexelblat, 
H istory o f program m ing languages, 68.
18 Nick Metropolis, J. Howlett, and Gian-Carlo Rota, eds., A  h isto ry o f com puting in the 
tw entieth century a collection o f essays (New York: Academic Press, 1980).
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elim inating the  n eed  for inefficient and  unreliable p rogram m ers.19 The only w ay 

that such  a  system  w ould  be w idely  adopted , how ever, w as to ensure that the 

code it p ro d u ced  w ould  be a t least as efficient, in  term s of size an d  perform ance, 

as tha t p ro d u ced  by  its hum an  counterparts.20 Indeed , one of the prim ary  

objections raised  against autom atic p rogram m ing  languages in this period  w as 

their relative inefficiency: one of the higher-level languages used by  SAGE 

developers p roduced  program s th a t ran  an  o rd er of m agnitude slow er than  those 

hand-coded b y  a top-notch program m er.21 In a n  era  w hen  program m ing skill 

was considered  to be a  uniquely creative and  innate ability, and  w hen  the state of 

contem porary  hardw are  m ade perform ance considerations param ount, users 

w ere understandab ly  skeptical of the value of autom atically  generated  m achine 

code. The focus of the FORTRAN developers w as therefore on  the construction 

of an efficient com piler, rather than  on  the design  of the language.

In o rd er to ensure that the object code p ro d u ced  by  the FORTRAN 

com piler w as as efficient as possible, several design  com prom ises h ad  to be 

m ade. FORTRAN w as originally in tended  prim arily  for use on  the IBM 704, and  

contained several device-specific instructions. Little though t w as given to 

m aking FORTRAN m achine-independent, an d  early  im plem entations often

19 Jean Sammett, Programming Languages: H istory and Fundamentals (Englewood 
Cliffs, N.J: Prentice-Hall, 1969), 148.
20 Wexelblat, H istory ofprogram m ing languages ,28.
21 Sammett, Programming Languages, 144.
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varied  g reatly  from  com puter to com puter, even those developed  by  the same 

m anufacturer. The language w as also designed solely for use in  num erical 

com putations, an d  w as therefore difficult to use for applications requiring  the 

m an ipu lation  o f a lphanum eric  data. The first FORTRAN m anual m ade clear this 

focus o n  m athem atically  problem -solving:

The FORTRAN language is in tended  to be capable of expressing any 
prob lem  of num erical com putation. In  particular, it deals easily w ith  
problem s contain ing  large sets of form ulae an d  m any  variables and  it 
p erm its an y  variable to have up  to three independen t subscripts.

H ow ever, for p roblem s in  w hich m achine w ords have a logical rather than  
num erical m ean  it is less satisfactory, and it m ay fail entirely to express 
som e such  problem s. N evertheless m any logical operations n o t directly 
expressible in  the FORTRAN language can be ob tained  by  m aking use of 
p rovisions for incorporating  library routines.22

The pow er o f the FORTRAN language for scientific com putation  can be 

clearly dem onstra ted  by  a sim ple real-w orld example. The m athem atical 

expression described by  the function

— (B/ 2)  + J ( B / 2 ) z — AC
root = -------------- 1------------------

A

could be w ritten  in  FORTRAN using  the following syntax:

22 — , "The FORTRAN Automatic Coding System for the IBM 704 EDPM" (IBM 
Corporation, 1956). Cited in Sammett, Programming Languages, 150.
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ROOT = (-(B/2.0) + SQRTF((B/2.0) * * 2 - A * C ))/A  

Using such stra igh tfo rw ard  algorithm ic expressions, a  p rogram m er could w rite  

extrem ely sophisticated  program s w ith  relatively little train ing  and  experience.23

A lthough g ree ted  initially w ith  skepticism , the FORTRAN project w as 

enorm ously  successful in the long term . A rep o rt o n  FORTRAN usage w ritten  

just one year after the first release of the language ind icated  that "over half [of 

the tw enty-six 704 installations] used  FORTRAN for m ore  than  half of their 

problem s."24 By the end  of 1958, IBM produced  FORTRAN system s for its 709 

and  650 m achines. As early as January  1961 R em ington  R and Univac becam e the 

first non-IBM m anufacturer to p rov ide FORTRAN, an d  by  1963 a version of the 

FORTRAN com piler w as available for alm ost every  com puter then  in existence.25 

The language w as up d a ted  substantially  in 1958 a n d  again  in  1962. In  1962 

FORTRAN becam e the first p rogram m ing  language to be  standard ized  th rough  

the A m erican S tandards Association, w hich fu rther established FORTRAN as an  

industry-w ide s tan d ard .26

23 Example taken Saul Rosen, ed., Programming: System s and Languages (New York: 
McGraw-Hill, 1967), 30.
24 John Backus, "Automatic Programming: Properties and Performance of FORTRAN 
Systems I and n ," Proceedings o f Sym posium  on the M echanization o f the Thought 
Processes (Middlesex, England: National Physical Laboratory Press, 1958).
25 H. Oswald, "The Various FORTRANS," Datamation 10,8 (1964), 25-29;---- , "Survey
of Programming Languages and Processors," Communications of the ACM 6,3 (1965), 
93-99.
26 USA Standard FORTRAN, United States of America Standards Institute, USAS X3.9- 
1966, New York, March 1966.
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The academ ic com m unity w as an  early  and  crucial supporte r of FORTRAN, 

contributing  directly to its grow ing popularity . The FORTRAN designers in  

general, an d  John Backus in particular, w ere  regular participants in  academ ic 

forum s and  conferences. Backus him self h ad  delivered a paper a t the sem inal 

1954 Sym posium  on Autom atic Program m ing  for D igital C om puters hosted  by  

the  Office of N aval Research. One of h is top priorities, after the com pilation of 

the  FORTRAN Program m er's Reference M anual (itself a m odel of scholarly 

elegance an d  simplicity), w as to publish  a n  academ ically-oriented article tha t 

w ou ld  introduce the n ew  language to the  scientific com m unity.27

FORTRAN was appealing to scientists and  o ther academ ics for a num ber of 

reasons. F irst of all, it w as designed a n d  developed  by  one of their ow n. John 

Backus spoke their language, published in  their journals, and  shared  their 

d isdain  for coders and  other "technicians." Secondly, FORTRAN w as w as 

designed  specifically to solve the kinds o f problem s th a t in terested academics. 

Its use of algebraic expressions greatly sim plified the process of defining 

m athem atical problem s in  m achine-readable syntax. Finally, an d  perhaps m ost 

significantly, FORTRAN provided them  m ore d irect access to the com puter. Its 

in troduction  "caused a  partial revolu tion  in  the w ay  in  w hich com puter

27 Backus, et al. "The FORTRAN automatic coding language," Proceedings o f the W est 
Joint Com puter Conference, 1957. Backus would later become widely-known 
throughout the academic community as the co-developer of the Backus-Naur Form, the 
notational system used to describe most m odem  programming languages.
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installations w ere  ru n  because it became n o t only  possible b u t  quite practical to 

have engineers, scientists, and  o ther people actually  p rog ram m ing  their ow n  

problem s w ith o u t the in term ediary  of a professional p rog ram m er."28 The use  of 

FORTRAN actually  becam e the centerpiece of an  ongoing debate  about "open" 

versus "closed" program m ing  "shops." The closed shops allow ed  only 

professional p rogram m ers to have access to the com puters; o p en  shops m ade  

these m achines d irectly  available to their users.

The association o f FORTRAN w ith scientific com puting  w as a self- 

replicating phenom enon. Academics preferred  FORTRAN to o ther languages 

because they  believed it allow ed them  to do  their w ork  m ore effectively, an d  

they  therefore m ade FORTRAN the foundation of their com puting  curricula. 

S tudents learned  the language in  university  courses and  w ere  therefore m ore 

effective a t getting  their w ork  done in FORTRAN. A  positive-feedback loop w as 

established betw een  FORTRAN and  academ ia. A  1973 su rvey  of m ore than  

35,000 studen ts tak ing  college-level com puting courses revealed  that seventy  

percent w ere learn ing  to p rog ram  using FORTRAN. The nex t m ost w idely  used  

a lternative, BASIC, w as used  by  only th irteen  percent, and  less than  three 

percen t w ere exposed to business-oriented languages such  as COBOL.29

28 Sammett, Program m ing Languages, 149.
29 Daniel McCracken, "Is There FORTRAN In Your Future?," Datamation 19,5 (1973), 
236-237.
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T hroughou t the 1960s and  1970s, FORTRAN w as d e a rly  the dom inan t language 

of scientific com putation.

COBOL

O n  A pril 8,1959, a group o f com puter m anufacturers, users, an d  academ ics 

m et a t the U niversity  of Pennsylvania 's C om puting  C enter to discuss a p roposa l 

to develop "the  specifications for a com m on business language for au tom atic  

d ig ital com puters."30 The goal w as to develop  a p rogram m ing  language 

specifically aim ed a t the needs of the  business da ta  processing com m unity . This 

new  language w ou ld  rely on  sim ple English-like com m ands, w ou ld  be easier to 

use an d  to u n d ers tan d  than  existing scientific languages, an d  w ould  p rov ide  

m achine-independent com patibility: tha t is, the sam e p rog ram  could  be ru n  o n  a 

w ide  varie ty  of hardw are  w ith  v e ry  little m odification.

A lthough  this proposal orig inated  in  the ElectroD ata D ivision of the 

B urroughs C orporation, from  the very  beg inn ing  it h ad  b ro ad  industria l and  

governm ental support. The D irector of D ata System s for the D epartm en t of 

Defense readily  agreed  to sponsor a form al m eeting  o n  the  p roposal, a n d  his 

enthusiastic su p p o rt indicates a  w idesp read  con tem porary  in terest in  business- 

o rien ted  program m ing:

30 I.E. Block, R eport on M eeting H eld a t U niversity o f Pennsylvania Com puting Center, 
April 9,1959.
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The D epartm ent of Defense w as pleased to undertake this project: in fact, 
w e  w ere em barrassed th a t the  idea for such a com m on language had  n o t 
h a d  its orig in  in  Defense since w e w ould  benefit so g rea tly  from  such a 
project, and  a t the sam e tim e one of the A ir Force com m ands w as in  the 
process of developing one of the business languages AJM ACO.31

The first m eeting to discuss a  com m on business language (CBL) w as held a t 

the Pentagon  o n  M ay 28-29,1959. A ttend ing  the m eeting w ere fifteen officials 

from  seven governm ent organizations; fifteen representatives of the  m ajor 

com puter m anufacturers (including B urroughs, GE, H oneyw ell, IBM, NCR, 

Phillips, RAC, Rem ington-Rand U nivac, Sylvania, and  ICT); an d  eleven  users 

an d  consultants (significantly, only  one m em ber of this last g ro u p  w as from  a 

university). Despite the d iversity  o f the participants, the m eeting  p roduced  

b o th  consensus and  a tangible p lan  o f action. The group no t only  decided  that 

CBL w as necessary and desirable, b u t agreed  on  its basic characteristics: a 

problem -oriented, English-like syntax; a  focus on  ease of use ra th er than  pow er 

or perform ance; and  a m achine-independent design. Three com m ittees were 

established, u nder the auspices of a single Executive Com m ittee of the 

Conference on  Data Systems Languages (CODASYL), to suggest short-term , 

in term ediate, and  long-range solutions, respectively. As it tu rn ed  ou t, it w as the 

short-term  com m ittee that p ro d u ced  the m ost lasting and influential proposals.

31 Charles Phillips, Report from the Com m ittee on Data System s Languages (Oral 
presentation to the Association for Computing Machinery, Boston, MA, September 1, 
1959). Cited in Wexelblat, H istory o f program m ing languages, 200.
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The o rig inal p u rpose  of the Short-Range Com m ittee w as to evaluate the 

strengths a n d  w eaknesses of existing autom atic  com pilers and  to recom m end a 

"short term  com posite approach (good for the nex t year or two) to a  com m on 

business language for p rogram m ing digital com puters."32 There w ere three 

existing com piler system s tha t the com m ittee w as particularly  in terested in  

considering: FLOW-MATTC, w hich had  been  developed for R em ington-Rand 

Univac by  G race H opper (as an  ou tgrow th  o f her A-series algebraic and  B-series 

business com pilers), and  w hich was actually  in  use by  custom ers a t the time; 

AJMACO, developed  for the A ir Force A ir M aterial Com m and; and  COM TRAN 

(soon to be renam ed  the Com mercial T ranslator), a p roposed IBM p ro d u c t tha t 

existed on ly  as a  specification docum ent. O ther m anufacturers such as Sylvania 

and  RCA w ere  also w orking  on  the developm ent of sim ilar languages. Indeed , 

one o f the p rim ary  goals of the Short-Range Com m ittee w as to "nip these 

projects in  the b u d "  and  to provide incentives for m anufacturers to standard ize  

on  the CBL ra th e r than  to pursue  their ow n  independen t agendas.33 A t the first 

m eeting of one of the Short-Range Com m ittee task  groups, for exam ple, m ost of

32 Charles Phillips, M inutes, M eeting o f the Executive Com mittee o f the Conference on 
Data System s Languages (1959). Cited in Wexelblatt, H istory o f program m ing 
languages, 202.
33 Other languages considered were Autocoder EH, SURGE, Fortran, RCA 501 Assembler, 
Report Generator, and APG-1 (Wexelblatt, 204).
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the  time w as spen t ge tting  statem ents of com m itm ent from  the various 

m anufacturers.34

From  the v ery  beg inn ing , the  process of designing  the  CBL w as 

characterized by  a  sp irit o f p ragm atism  a n d  com prom ise. The Short-Range 

C om m ittee, often  referred  to  as the PDQ (pretty  d a m  quick) C om m ittee, took 

seriously  their charge to w o rk  quickly to p roduce  an  in te rim  solution. 

Rem arkably enough, less th an  three m onths later the com m ittee h ad  p roduced  a 

nearly-com plete d ra ft of a  p roposed  CBL specification. In  d o ing  so the CBL 

designers bo rrow ed  freely from  m odels p ro v id ed  b y  R em ington-R and U nivac's 

FLOW-MATIC language an d  the IBM C om m ercial T ranslator. In  a Septem ber 

rep o rt to the Executive Com m ittee of CODASYL, the Short-Range Com m ittee 

requested  perm ission  to continue developm ent o n  the CBL specification, to be 

com pleted by  D ecem ber 1,1959. Shortly thereafter, the nam e COBOL (an 

acronym  for C O m m on Business O riental Language) w as form ally  adopted . 

W orking a round  the clock for the next several m onths, the  PD Q  g roup  w as able 

to  p roduce their fin ished  rep o rt just in tim e for their D ecem ber deadline. It w as 

app roved  by  the CODASYL, an d  in January  1960 the official COBOL-60 

specification w as released  b y  the G overnm ent P rin ting  Office.

34 Task Croup o f Statem ent Language, July 22,1959.
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The struc tu re  of the  COBOL-60 specification reveals its m ixed origins and  

com m ercial orientation. A lthough  from  the  very  beginning  the COBOL 

designers w ere  concerned w ith  "business d a ta  p rocessing /' there w as never any 

a ttem p t to p rov ide  a real definition of th a t phrase .35 It w as clearly in tended  that 

the  language could  be used  by  novice p rogram m ers and  read by  m anagers. For 

exam ple, a n  instruction  to com pute an  em ployee 's overtim e pay  m igh t be 

w ritten  as follows:

MULTIPLY NUMBER-OVTTME-HRS BY OVTIME-PAY-RATE GIVING 
OVTTME- PAY-TOTAL

It w as felt th a t this readability  w o u ld  resu lt from  the use of English 

language instructions, b u t no form al criteria o r tests for readability  w ere 

p rov ided . In  m any  cases com prom ises w ere m ade th a t allow ed for conflicting 

in terp reta tions of w ha t m ade for "readab le" com puter code. For exam ple, 

arithm etic  form ulas could either be w ritten  using  a  com bination of arithm etic 

verbs — i.e. AD D, SUBTRACT, MULTIPLY, o r DIVIDE -  o r as sym bolic form ulas. 

The use of arithm etic verbs w as ad ap ted  d irectly  from  the FLOW-MATIC 

language, and  reflected the belief th a t business da ta  processing users could no t -  

a n d  shou ld  n o t — be forced to use form ulas. The capability  to w rite sym bolic 

form ulas w as included  (after m uch  contentious debate) as a m eans of p rov id ing  

pow er and  flexibility to m ore m athem atically  sophisticated  program m ers.

35 Jean Sammett, quoted in Wexelblatt, H istory o f program m ing languages, 219.
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H ow ever, such traditional m athem atical functions such as SINE an d  COSINE 

w ere  deliberately excluded as being  unnecessary to business da ta  processing 

applications.

A nother concession to the objective of readability  w as the inclusion of 

ex traneous "noise w ords." These w ere w ords o r phrases th a t w ere  allow able b u t 

n o t necessary: for exam ple, in  the statem ent

READ f ile l RECORD INTO variab lel AT END g o to  p rocedu re2  

the  w o rd s RECORD and AT are syntactically superfluous. The sta tem ent w ould

be equally  valid  w ritten  as

READ f ile l INTO varia b lel END g o to  procedu re2.

The inclusion of the noise w ords RECORD and  AT w as perceived by  the 

designers to enhance readability. U sers had  the op tion  of including  o r excluding 

them  according to indiv idual preference or corporate policy.

In  add ition  to designing COBOL to be "English-like" and  readable, the 

com m ittee w as careful to m ake it as m achine-independent as possible. M ost 

con tem porary  program m ing system s w ere tied to a specific processor or p roduct 

line. If the  user w anted  to replace or upgrade  their com puter, o r sw itch to 

m achines from  a different m anufacturer, they h ad  to com pletely rew rite  their 

softw are from  scratch, typically an  expensive, risky, and  tim e-consum ing 

operation . Users often becam e b ound  to ou tdated  and  inefficient hardw are
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system s sim ply because of the enorm ous costs associated w ith  u p g rad in g  their 

softw are applications. This w as especially tru e  for com m ercial d a ta  processing 

operations, w here com puters w ere generally em bedded  in  large, com plex 

system s of people, procedures, and  technology. A  tru ly  m ach ine-independen t 

language w ould  a llow  corporations to reuse application  code an d  thereby reduce 

program m ing  an d  m aintenance costs. It w ould  also a llow  m anufactu rers to sell 

or lease m ore of their m ost recent (and profitable) com puters.

The COBOL language w as deliberately organized  in  such  a  w ay  as to 

encourage portab ility  from  one m achine to another. E very  e lem en t of a  COBOL 

application  was assigned to one of four functional divisions: IDENTIFICATION, 

ENVIRONM ENT, DATA, and  PROCEDURE. The IDENTIFICATION division 

p ro v id ed  a high-level descrip tion  of the program , includ ing  its nam e, au thor, 

and  creation date. The ENVIRONMENT division contained  in form ation  about 

the specific hardw are  on  w hich the p rogram  w as to be com piled  a n d  run. The 

DATA division described the file and record  layou t of the  d a ta  u sed  or created 

by  the rest of application. The PROCEDURE division inc luded  the algorithm s 

and  procedures th a t the u ser w ished the com puter to follow . Ideally , this rigid 

separa tion  of functional divisions w ould  allow  a  user to  take a deck  of cards 

from  one m achine to ano ther w ithout m aking  significant a ltera tions to any th ing  

b u t the  ENVIRONM ENT description. In  reality, this deg ree  of portab ility  w as
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alm ost im possible to achieve in  real-w orld  applications in  w hich  perform ance 

w as a  p rim ary  consideration. For exam ple, the m ost efficient m eth o d  of laying 

o u t a  file for a 24-bit com puter w as n o t necessarily optim al for a 36-bit machine. 

N evertheless, m achine independence "w as a m ajor, if no t th e  m ajor" design 

objective of the Short-Range C om m ittee.36 A chieving this objective p roved  

difficult bo th  technically and  politically, an d  greatly  influenced b o th  the design 

of the COBOL specification a n d  its subsequen t reception w ith in  the  com puting 

com m unity.

O ne of the greatest obstacles to achieving m achine independence w as the 

com puter m anufacturers them selves. Each m anufacturer w an ted  to m ake sure 

th a t COBOL included only features th a t w ou ld  ru n  efficiently o n  the ir devices. 

For exam ple, a  num ber of users w an ted  the language to include the ability to 

read  a file in  reverse order. For those m achines th a t h ad  a basic m achine 

com m and to read  a tape backw ards this w as an  easy feature to im plem ent. Even 

those com puters w ithout this explicit capability could achieve the sam e 

functionality  by  backing the tape  u p  tw o records and  then  read ing  fo rw ard  one. 

A lthough  this potential READ REVERSE com m and could therefore be logically 

im plem ented  by  everyone, it significantly  penalized  those devices w ith o u t the 

basic m achine capability. It w as therefore n o t included in  the final specification.

36 Jean Sammett, in Wexelblatt, H istory o f program m ing languages, 234.
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There w ere other com prom ises th a t w ere m ade for the sake of m achine 

independence. In o rder to m aintain  com patibility am ong d ifferen t m achines 

w ith  d ifferent arithm etic capabilities, e ighteen decim al digits w ere  chosen as the 

m axim um  degree of precision supported . This particu lar degree of precision 

w as chosen "for the sim ple reason th a t it w as disadvantageous to  every  

com puter though t to be a  potential candidate  for hav ing  a COBOL com piler."37 

N o particu lar m anufacturer w ould  therefore have an  inherent advan tage  in  

term s of perform ance. In  a sim ilar m anner, provisions w ere m ade  for the use of 

b in ary  com puters, despite the fact th a t such  m achines w ere generally  no t 

considered  appropria te  for business d a ta  processing. The decision to allow  only 

a lim ited  character set in  statem ent definitions — using  only those characters that 

w ere  physically  available on  alm ost all data-entry  m achines — w as a self-imposed 

constrain t th a t had  "an  enorm ous influence on  the syntax of the  language" but 

w as nevertheless considered essential to w idespread  industry  adop tion . The use 

of such  a  m inim al character set also p reven ted  the designers from  using  the 

sophisticated  reference language techniques that h ad  so enam ored  theoretical 

com puter scientists of the ALGOL 58 specification.

This dedication to the ideal of portab ility  set the  Short-Term  Com m ittee at 

od d s w ith  som e of their fellow m em bers of CODASYL. In O ctober 1959 the

37 Wexelblat, H istory o f program m ing languages, 231.

73

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



www.manaraa.com

74 From "Black Art" to Industrial D iscipline

Interm ediate-R ange C om m ittee passed  a  m otion  declaring th a t the FACT 

p rog ram m ing  language — recently released  b y  the H oneyw ell co rpora tion  - was 

a  be tter language than  th a t p ro d u ced  by  the Short-Range C om m ittee an d  should 

therefore form  the basis of the CBL.38 A lthough  m any m em bers of the Short- 

R ange Com m ittee agreed that FACT w as indeed  a technically advanced  and  

superio r language, they rejected an y  so lu tion  tha t w as tied  to any  particu lar 

m anufacturer. In order to ensure th a t the CBL w ould  be a tru ly  com m on  

business language, elegance and  efficiency h ad  to be com prom ised for the sake 

o f readability  and  m achine independence. Despite the opposition  of the 

Interm ediate-R ange Com m ittee (and  the H oneyw ell representatives), the 

Executive Com m ittee of the CODASYL eventually  agreed w ith  the design  

p rio rities advocated by  the PDQ group.

The first COBOL com pilers w ere  developed in 1960 by  R em ington-Rand 

U nivac an d  RCA. In D ecem ber of th a t year the two com panies hosted  a dram atic 

dem onstra tion  of the cross-platform  com patibility  of their ind iv idual compilers: 

the sam e COBOL program , w ith  on ly  the ENVIRONMENT division need ing  to 

be m odified , w as run  successfully o n  m achines from  bo th  m anufacturers. 

A lthough  th is w as a com pelling dem onstra tion  of COBOL's potential, o ther 

m anufacturers were slow  to develop  their ow n  COBOL com pilers. H oneyw ell

38 M inutes o f the IRTF, 1959.
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an d  IBM, for exam ple, w ere loathe to abandon  their o w n  independen t business 

languages. H oneyw ell's FACT h a d  been  w idely p ra ised  fo r its technical 

excellence, a n d  the IBM C om m ercial T ranslator a lready  h a d  an  established 

custom er base .39 By the en d  o f 1960, how ever, the U nited  States m ilitary h ad  p u t 

the full w eigh t of its prestige an d  p urchasing  pow er b eh in d  COBOL. The 

D epartm en t of Defense announced  tha t it w ould no t lease o r purchase any  new  

com puter w ith o u t a COBOL com piler unless its m anufactu rer could dem onstrate  

th a t its perform ance w ould  n o t be enhanced  by  the availability  of COBOL.40 N o 

m anufactu rer ever a ttem pted  such  a dem onstration, a n d  w ith in  a year COBOL 

w as w ell on  its w ay  tow ard  becom ing an  industry  standard .

It is difficult to  establish  em pirically how  w idely  COBOL w as adop ted , 

b u t anecdotal evidence suggests th a t it is by  far the m ost p o p u la r and  w idely  

used  com puter language ever.41 A  recent study  u n d e rtak en  in  response to the 

perceived  Y2K crisis suggests tha t there are 70 billion lines of COBOL code 

curren tly  in  opera tion  in  the U nited  States alone. D espite its obvious popularity , 

how ever, from  the very  beginn ing  COBOL has faced severe criticism  and  

opposition , particu larly  from  w ith in  the com puter science com m unity. O ne 1977

39 Robert Berner, "A view on the history of COBOL," H oneyw ell Com puter Journal 5, 3 
(1971).
40 Campbell-Kelly, Aspray, Com puter, 192.
41 See Stanley Naftaly, "How to Pick a Programming Language," in Fred Gruenberger 
and Stanley Naftaly, eds., Data Processing. Practically Speaking (Los Angeles: Data 
Processing Digest, 1967), 98; "W hat's happening with COBOL," Business Autom ation, 
April 1968.
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p rog ram m ing  language textbook ju d g ed  COBOL's p rog ram m ing  features as fair 

an d  its im plem entation  dependen t features as p o o r an d  its overall w riting  as fair 

to poor. I t also no ted  its "to rtuously  p o o r com pactness an d  p o o r uniform ity ."42 

The n o ted  com puter scientist Edsger D ijkstra w ro te  th a t "COBOL cripples the 

m ind ,"  a n d  ano ther of his colleagues called  it "terrib le" an d  "ug ly ."43 Several 

notable textbooks on  program m ing  languages from  the 1980s d id  n o t even 

include COBOL in  the index.

T here are a num ber of reasons w h y  com puter scientists have b een  so harsh  

in  th e ir evaluation  of COBOL. Some o f these objections are  technical in  nature , 

b u t m o st are aesthetic, historical, or political. M ost of the technical criticism s 

have to  do  w ith  COBOL's verbosity, its inclusion of superfluous "noise w ords," 

and  its lack of certain  features (such as p ro tec ted  m odule  variables). A lthough  

m any  o f these shortcom ings w ere add ressed  in  subsequen t versions of the 

COBOL specification, the academ ic w o rld  continued  to v ilify  the language. In  a 

1985 article on  "The R elationship Betw een COBOL and  C om puter Science," the 

com pu ter scientist Ben Shniederm an identified  several explanations for this 

con tinued  hostility: F irst of all, no academ ics w ere asked to partic ipa te  on  the 

in itial design  team . In fact, the  COBOL developers ap p aren tly  had  little in terest

42 Allen Tucker, Program m ing Languages (Reading, MA: Addison-Wesley, 1977).
43 Cited in  Ben Shneiderman, "The Relationship Between COBOL and Computer 
Science," Armais o f the H istory o f Com puting7, 4 (1985), 350.
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in  the academ ic or scientific aspects of their work. All of the  articles included in 

a  May 1962 C om m unications of the ACM  issue devoted  to COBOL w ere w ritten 

by  industry  o r governm ent practitioners. Only four o f the th irteen  included even 

the m ost basic references to prev ious and related w ork: the lack of academ ic 

sensibilities w as im m ediate ly  apparent. Also noticeably lacking w as any 

reference to the recently  developed  Backus-Naur Form  no tation  tha t h ad  already 

becom e popu lar as a  m eta-language for describing o ther p rogram m ing  

languages. N o a ttem p t w as m ade to produce a textbook describing the 

conceptual foundations of COBOL until 1963. M ost significant, how ever, was 

the sense tha t the p rob lem  d om ain  addressed by  the COBOL designers, i.e. 

business da ta  processing, w as n o t theoretically sophisticated or interesting. One 

1974 p rogram m ing  language textbook described COBOL as hav ing  "an  

orientation tow ard  business da ta  processing ... in w hich  the problem s are ... 

relatively sim ple algorithm s couple w ith  high-volum e in p u t-o u tp u t (e.g. 

com puting the payro ll for a large organization." A lthough  this dism issive 

account hard ly  cap tures the com plexities of m any large-scale business 

applications, it does appear to accurately represent a p revailing  a ttitude  am ong 

com puter scientists. COBOL w as considered a "trade-school" language rather 

than  a serious intellectual accom plishm ent. 44

44 Shneiderman, "The Relationship Between COBOL and Computer Science," 351.
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D espite these objections, COBOL has p roven  rem arkably successful. 

C erta in ly  the su p p o rt of the U nited  States governm ent had  a g rea t deal to do 

w ith  its initial w idespread  adoption. B ut COBOL w as attractive to u sers — 

business corporations in  particular- for o ther reasons as well. The belief tha t 

"English-like" COBOL code could be read  and  understood  by  non-program m ers 

w as appealing  to traditional m anagers w ho  w ere w orried  abou t the dangers of 

"le tting  the 'com puter boys' take o v e r."45 It w as also hoped th a t COBOL w ould  

achieve true  m achine independence - arguab ly  the holy  grail of language 

designers — and , of all its com petitors, COBOL d id  perhaps come closest to 

achieving this ideal. A lthough COBOL h as often been  derided by  critics as the 

inelegant resu lt of "design by  com m ittee," the b road  inclusiveness of the  

CODASYL helped  ensure tha t no one m anufactu rer's  hardw are w ou ld  be 

favored. Com m ittee control over the language specification also p rev en ted  

splintering: w hereas num erous com peting dialects of FORTRAN and  ALGOL 

w ere developed, COBOL im plem entations rem ained  relatively hom ogenous.

The CODASYL structure also p rov ided  a  m echanism  for ongoing language 

m aintenance w ith  periodic "official" u pda tes  and releases.

45 John Golda, "The Effects of Computer Technology on the Traditional Role of 
Management," (MBA thesis, Wharton School, University of Pennsylvania, 1965), 34; 
Robert Gordon, "Personnel Selection" in Fred Gruenberger and Stanley Naftaly, eds., 
Data Processing. Practically Speaking (Los Angeles: Data Processing Digest, 1967), 85.
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ALGOL, Pascal, ADA and Beyond ...

A lthough  FORTRAN an d  COBOL w ere  b y  far the m ost popu lar 

p rogram m ing  languages developed in  the  U nited  States during  this period, they  

w ere  by  no m eans the only  ones to appear. Jean Sam m et, ed itor of one of the 

first com prehensive treatm ents of the h isto ry  of p rogram m ing  languages, has 

estim ated  th a t b y  1981 there w ere a least one thousand  p rogram m ing  languages 

in  use nationw ide. It w ou ld  be im possible to even  enum erate, m uch less 

describe, the h isto ry  an d  developm ent o f each of these languages. Figure 1.3 

contains a  "genealogical" listing of som e of the m ore w idely-used program m ing 

languages developed  p rio r to 1970. This section w ill focus on a  few  of the m ore 

h istorically  significant alternatives to FORTRAN and  COBOL.

79

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



www.manaraa.com

80 From "Black Art" to Industrial D iscipline

1952M9S3 EM9S4I.T955 |v19561i.19571M956Ti1959 E1960 M 961M 962:H 963119641.1965 11966 MS67 H 966  1969 -’1970

Nuiiw iciiSelw tH lfrlUr

iv.— - %
Oft-Un*

Fomiuli'Ma nJpula tlon 

BuslnM sData r-C-f-'i

Pm eu ttZ 4 ^S -
m im & w

l’'"5?’** •£ Iv 
U*tProcessing -;sv~j.V  SO

I* > £/
-  C ix < =̂"J 

String Procwsing

MultipufpoM
P t  ^  ^  **

C?

(Sp—dcodinq 
Shorfcodo I

{FORTRAN I
Laniar & Zwriar

'sACAJC

FORTRAN II

FORTRANSIT

ALGOL 58
NBJAC

FLOWMATIC

ALGOL 60

COBOL-
AIMACO 

ComrrMrieal Translator 
FACT

IPLV

COMIT

LISP 1

JOVIAL

FORTRAN IV 

R evised  ALGOL SO

NAPSS
COLASI MlflFAC

.- i
JOSS

'a m t r a n

p o s e

MACC60

BASIC

FORMAC

COBOL 61

QECOM

► LISP 1.5

APL
JiLtararcc

FOR

L
CIALOO [APL 360 

[PL/1-FORMAC
MathLab

[ f l a p  

► COBOL65

Coral Street 

CLP

COMIT II
SNOBOL

JOVIAL 2 -

PL/I

SNOBOL3

JOVIAL 3

M am U b 4 S
REDUCE - L .
■►COBOL 68/COBOL 70

Sprint

LoRa

LiapA
T PS

►SNOBOL4

'SUT.IM

Aparel

Figure 1.3: Genealogy of Prograxnming Languages, 1952-1970.

M ore than  a year before the Executive Com m ittee of CODASYL convened to 

discuss the need  for a com m on business-oriented p rogram m ing  language, an  ad  

hoc com m ittee of users, academics, and  federal officials m et to study  the 

possibility  of creating  a universal p rogram m ing  language. This com m ittee, 

w hich  w as b ro u g h t together under the auspices of the Association for 

C om puting  M achinery (ACM), could no t have been  m ore different from  the 

g roup  organized  b y  CODASYL. W hereas the fifteen m em ber Executive 

C om m ittee h ad  contained only one university  representative, the identically- 

sized A C M -sponsored comm ittee w as dom inated  b y  academics. A t their first 

m eeting, this com m ittee decided to follow the m odel of FORTRAN in designing
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an  algebraic language. FORTRAN itself w as n o t acceptable because of its 

association w ith  IBM.

The ACM "un iversa l language" project soon expanded in to  a n  international 

initiative. E uropeans in  particular w ere deeply  interested in  a language that 

w ou ld  bo th  transcend  political boundaries and  help avoid the dom ination  of 

E urope by  the IBM Corporation. D uring  a n  eight-day m eeting  in  Zurich, 

Sw itzerland, a  ro u g h  specification for the new  International A lgebraic Language 

(LAL) w as hashed ou t. Actually, th ree distinct versions of the LAL w ere created: 

reference, publication, and  hardw are. The reference language w as the abstract 

representation  of the  language as envisioned by  the Z urich com m ittee. The 

publication  and h a rd w are  languages w ou ld  be isom orphic im plem entations of 

the  abstract reference language. Since these specific im plem entations required  

careful a ttention to such  m essy details as character sets and  delim iters (decimal 

po in ts being s tan d ard  in  the U nited  States and com m as in Europe), they  w ere left 

for a  later and  unspecified date. The reference language w as released in  1958 

u n d e r the m ore p o p u la r and  less p reten tious nam e ALGOL (ALGOrithm ic 

Language).

In  m any w ays ALGOL w as a rem arkable achievem ent in  the  nascent 

discipline of com puter science. ALGOL 58 w as som ething of a w o rk  in  progress; 

ALGOL 60, w hich w as released shortly  thereafter, is w idely considered  to be a
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m odel of com pleteness and clarity. The ALGOL 60 version  of the  language w as 

described using  a n  elegant m eta-language k n o w n  as Backus N orm al Form  

(BNF), developed  specifically for th a t pu rpose . Backus N orm al Form , w hich  

resem bles the no tation  used b y  linguists a n d  logicians to describe form al 

languages, has since become the standard  technique for represen ting  

prog ram m ing  languages. The elegant sophistication  of ALGOL 60 repo rt 

appealed  particu larly  to com puter scientists. In  the  w ords of one w ell-respected 

adm irer,

The language proved  to  be an  object of stunn ing  beau ty  ... Nicely 
organized , tantalizingly  incom plete, slightly  am biguous, difficult to read , 
consistent in  form at, and  brief, it w as a perfect canvas for a language th a t 
possessed those same properties. Like the Bible, it w as m ean t n o t m erely  
to be read , b u t in terpreted.46

ALGOL 60 soon  becam e the s tan d ard  by  w hich  all subsequen t language 

developm ents w ere m easured and  evaluated.

D espite its intellectual appeal and  the en thusiasm  in w hich  it w as greeted  in  

academ ic an d  E uropean  circles, ALGOL w as never w idely  adop ted  in  the U nited  

States. A lthough  m any  Am ericans recognized th a t ALGOL w as an  elegant 

synthesis, m ost saw  language design as ju st one step  in  a leng thy  process lead ing  

to language acceptance and use. In  addition , in  the U nited  States there w ere 

a lready  several s trong  com petitors curren tly  in  developm ent. IBM and  its

46 Alan Perlis, quoted in Wexelblat, H istory o f program m ing languages, 60.
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influential users g roup  SHARE su p p o rted  FORTRAN, a n d  business d a ta  

processors preferred  COBOL. E ven  those installations th a t p referred  ALGOL 

often used  it  only as a  sta rting  p o in t for fu rther developm ent, m ore "as a  rich set 

of guidelines for a language th an  a s tan d ard  to be ad h ered  to."47 N um erous 

dialects o r spin-off languages em erged , m ost significantly  JOVIAL, M AD, and 

NELIAC, developed a t the System  D evelopm ent C orporation , the U niversity  of 

M ichigan, an d  the N aval Electronics Laboratory , respectively. A lthough  these 

languages benefited from  ALGOL, they  only  detracted  from  its efforts to emerge 

as a  s tandard . W ith a few  noticeable exceptions -  the  ACM  con tinued  to use it as 

the language of choice in  its publications, for exam ple -  ALGOL w as generally 

regarded  in  the U nited States as a n  intellectual curiosity  rather th an  a functional 

p rog ram m ing  language.

The real question of historical interest, o f course, is n o t so m uch  w h y  specific 

ind iv idual program m ing  languages w ere created, b u t  ra ther w hy  so  m any. In 

the late 1940s and early  1950s there  w as no real p rog ram m ing  com m unity  p e rse , 

only particu lar projects being developed  a t various institutions. Each project 

necessarily developed its ow n  techniques for facilitating p rogram m ing . By the 

m iddle  of the  1950s, how ever, there  w ere established m echanism s for 

com m unicating new  research a n d  developm ent, an d  there  w ere deliberate

47 Perlis in Wexelblat, H istory o f program m ing languages, 82.
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attem pts to prom ote industry-w ide program m ing standards. N evertheless, there 

w ere literally hundreds of languages developed in  the decades of the 1950s and  

1960s. FORTRAN and  COBOL have em erged as im portant s tan d ard s in  the 

scientific and  business com m unities, respectively, and  yet n ew  languages 

continued — and  still continue — to be created. W hat can explain  this curious 

C am brian  explosion in  the evolutionary h istory  of program m ing?

Some of the m any divergent species of p rogram m ing languages can be 

explained by  looking a t their functional characteristics. A lthough  general 

pu rpose  languages such as FORTRAN and  COBOL w ere suitable for a w ide 

varie ty  of problem  dom ains, certain applications required m ore specialized 

functions to perform  m ost efficiently. The G eneral Purpose S im ulation System 

(GPSS) w as designed specifically for the sim ulation of system  elem ents in 

discrete num erical analysis, for exam ple. APT w as com m issioned b y  the Aircraft 

Industries Association and the U nited  States Air Force to be u sed  p rim arily  to 

control autom atic m illing m achines. O ther languages w ere designed  no t as 

m uch  for specialized problem  dom ains as for particular pedagogical purposes - 

in  the  case of BASIC, for exam ple, the teaching of basic com puter literacy. Some 

languages w ere know n for their fast com pilation times, o thers for the  efficiency 

of their object code. Individual m anufacturers produced languages th a t w ere 

optim ized  for their o w n  hardw are , or as p a rt of a larger m arketing  strategy.
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T here w ere also less obviously u tilita rian  reasons for developing new  

program m ing  languages, however. M any com m on objections raised against 

existing languages w ere m ore m atters of style ra ther th an  substance. The 

rationale given for creating a new  language often boiled d o w n  to a declaration 

th a t "th is new  language will be easier to use o r better to rea d  or w rite than  an y  of 

its predecessors." Since there were generally  no  standards for w hat w as m ean t 

b y  "easier to use or better to read or w rite ,"  such  declarations can only be 

considered statem ents of personal preference. As Jean Sam m et has suggested, 

a lthough  lengthy  argum ents have been advanced  on  all sides of the m ajor 

p rogram m ing  language controversies, "in  the last analysis it  alm ost alw ays boils 

d ow n  to a question  of personal style o r taste."48

For the m ore academ ically-oriented p rogram m ers, designing  a  new  language 

w as a relatively easy w ay  to attract g ran t m oney  and  pu b lish  articles. There have 

been  num erous languages that have been  rigorously  described bu t never 

im plem ented. T hey served  only to p rove a  theoretical p o in t o r to advance an  

ind iv idua l's  career. In  addition, m any in  the  academ ic com m unity  seem ed to be 

afflicted w ith  w h a t has often been referred  to  as the N IH  ("no t invented here") 

syndrom e: any  language or technology th a t w as designed b y  som eone else could  

n o t possibly be as good as one that you  inven ted  yourself, an d  so a new  version

48 Jean Sammett, "Programming Languages History," Annals o f  the H istory o f 
Com puting 13,1 (1991), 49.
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needed  to be created  to fill som e ostensible personal o r functional need . As 

H erb ert G rosch lam ented  in  1961, filling these needs w as personally  satisfying 

b u t u ltim ately  self-serving and  divisive:

Pride shades easily into pu rism , the sin  of the  m athem aticians. To be the 
lead ing  au thority , indeed the on ly  au thority , o n  ALGOL 61B m od 12, the 
version  th a t perm its b lack letter as w ell as H eb rew  subscripts, is a 
satisfying th ing  indeed, an d  m any  of us have constructed  com fortable 
p riva te  universes to explore.49

O ne final an d  closely related  reason  for the pro liferation  of p rogram m ing  

languages is th a t designing p rog ram m ing  languages w as fun. The adop tion  of 

m eta-languages an d  the Backus N orm al Form  allow ed for the rap id  

developm ent an d  im plem entation  of creative new  languages an d  dialects. If 

p rog ram m ing  w as enjoyable, even  m ore so was language design!50

III. No Silver Bullet

In  1987 the com puter scientist F rederick Brooks published  an  essay 

describ ing  the m ajor developm ents in  autom atic p rog ram m ing  technologies that 

h ad  occurred  over the past several decades. As an  accom plished academ ic and 

experienced in d u stry  m anager, Brooks w as a respected  figure w ith in  the 

p rog ram m ing  com m unity. U sing characteristically v iv id  language, his "No

49 Herb Grosch, "Software in Sickness and Health," Datamation 7, 7 (1961), 32-33.
50 Ibid, 33.
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Silver Bullet: Essence an d  Accidents of Softw are E ngineering" reflected u p o n  the 

inability  of these technologies to bring  a n  end  to the ongoing  software crisis:

O f all the m onsters th a t fill the n igh tm ares of o u r folklore, none terrify  
m ore th an  w erew olves, because they  transform  unexpectedly from  the 
fam iliar into horrors. For these, one seeks bullets of silver tha t can 
m agically lay them  to rest.

The fam iliar softw are project, a t least as seen  b y  the nontechnical 
m anager, has som ething of this character; it  is u sua lly  innocent an d  
straigh tforw ard , b u t is capable of becom ing a m onster of m issed 
schedules, b low n budgets, and  flaw ed p roducts. So w e hear desperate  
cries for a —silver bullet—som ething to  m ake softw are costs drop as 
rap id ly  as com puter hardw are  costs do.

But, as w e look to the horizon of a  decade hence, w e see no silver bullet. 
There is no single developm ent, in  either technology o r in  m anagem ent 
technique, that b y  itself prom ises even  one order-of-m agnitude 
im provem ent in  p roductiv ity , in  reliability, in  sim plicity.51

Brook's article p rovoked  an  im m ediate  reaction, b o th  positive and negative. 

The object-oriented p rogram m ing  (OOP) advocate B rad Cox insisted, for 

exam ple, in  h is ap tly  titled  "There is a Silver Bullet," th a t new  techniques in  OOP 

p rom ised  to b ring  about "a softw are industria l revo lu tion  based  on reusable an d  

in terchangeable parts that w ill alter the softw are universe as surely as the 

in d u stria l revolu tion  changed m anufacturing ."52 W hatever they m ight have 

believed  ab o u t the possibility of such a silver bullet be ing  developed in the 

fu tu re , how ever, m ost program m ers an d  m anagers agreed  tha t none existed in

51 Brooks, ""No Silver Bullet."
52 Brad Cox, "There is a Silver Bullet," Byte 15,10 (1990).
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the present. In  the  late 1980s, alm ost three decades after the first high-level 

autom atic p rog ram m ing  systems w ere in troduced , concern about the softw are 

crisis w as g rea te r than  ever. The sam e year th a t Brooks published  his "N o Silver 

Bullet," the D epartm en t of Defense w arned  against the  very  real possibility o f 

"softw are-induced catastrophic failure" d isru p tin g  its strategic w eapons 

system s.53 Tw o years later, Congress released a rep o rt en titled  "Bugs in the 

Program  Problem s in  Federal G overnm ent C om puter Softw are D evelopm ent 

and  Regulation," initiating yet another full-blow n attack  on  the fundam ental 

causes of the softw are crisis.54 Ironically, the D epartm ent of Defense decided tha t 

w ha t w as n eed ed  to deal w ith this m ost recen t ou tb reak  of crisis w as yet ano ther 

new  p rog ram m ing  language -  in  this case AD A, w hich  w as trum peted  as a 

m eans of "rep lacing  the idiosyncratic 'a rtistic ' ethos th a t has long governed 

softw are w ritin g  w ith  a more efficient, cost-effective engineering m ind-set."55

W hy have autom atic program m ing languages an d  o ther technologies thus 

far failed to resolve — or apparently  even m itigate  - the seem ingly perpetual 

softw are crisis? First of all, it is clear tha t m any  of these languages and system s

53 Morrison, "Software Crisis," 72.
54 The 33-page report, entitled "Bugs in the Program: Problems in Federal Government 
Computer Software Development and Regulation," was written by two staff members, 
James H. Paul and Gregory C. Simon, of the Subcommittee on Investigations and 
Oversight of the House Committee on Science, Space, and Technology. The content of 
the report was covered in The Washington Posf (October 17,1989), D1 and Science 
(November 10,1989), 753 among many other publications. For example, see Gary 
Chapman, "Bugs in the program," Communications o f the ACM  33,3 (1990), 251-252.
55 Morrison, "Software Crisis," 72.
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w ere n o t able to  live u p  to  their m arke ting  hype. E ven those system s th a t w ere  

m ore th an  a "com plex, exception-ridden perfo rm er o f clerical tasks w hich  w as 

difficult to use and  inefficient/' (as John Backus characterized the p rog ram m ing  

tools of the early  1950s) could  no t elim inate the  need  for careful analysis an d  

skilled program m ing. A s Willis W are characterized  the  situation in  1965,

We lam ent the cost of program m ing; w e  reg re t the tim e it takes. W hat w e 
really  are u n h ap p y  w ith  is the to ta l p rog ram m ing  process, n o t 
p rogram m ing  (i.e. w riting  routines) p e r  se. N onetheless, people generally  
sm ear the details in to  one big b lur; a n d  the consequence is, w e tend  to 
conclude erroneously  that all o u r p rob lem s w ill van ish  if w e can im prove 
the language w hich  stands betw een  the  m achine and  the p rogram m er. 
T a in t necessarily so. All the p rog ram m ing  language im provem ent in  the 
w orld  w ill no t sho rten  the intellectual activity, the thinking, the analysis, 
th a t is inheren t in  the  program m ing  process. A nother nam e for the 
p rogram m ing  process is "problem  solving by  m achine;" perhaps it 
suggests m ore po in ted ly  the inheren t intellectual content of p reparing  
large problem s for m achine handling .56

A lthough  p rog ram m ing  languages could  reduce the  am ount of clerical w o rk  

associated w ith  program m ing, and  d id  help  elim inate certain  types of errors 

(m ostly those associated w ith  transcrip tion  errors or syntax m istakes), they  also 

in troduced  n ew  sources o f error. In  the late 1960s a hea ted  controversy broke 

out in  the p rogram m ing  com m unity over the use of the "GOTO statem ent."57 A t 

the h eart of this debate w as the question of professionalism : a lthough  high-level 

languages gave the im pression that just anyone could  program , m any

56 Willis Ware, "As I See It: A Guest Editorial," Datamation 11,5 (1965), 27.
57 Edsger Dijkstra, "Go To Statement Considered Harmful," Communications o f the 
ACM 11, 3 (1968), 147-148.
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program m ers felt this w as a m isconception d isastrous to b o th  their profession 

and  the in d u stry  in  general. The debate over w ho  the  legitim ate users of these 

languages shou ld  be, an d  consequently  w ho the languages shou ld  be designed 

for, w as by  no  m eans new . A t the 1962 RAND Sym posium  o n  P rogram m ing  

Languages, Jack Little lam ented  the tendency of m anufactu rers to designing  

languages "for use by  som e sub-hum an  species in  o rd er to  g e t a ro u n d  train ing  

an d  hav ing  good  p rogram m ers . . . //58 Dick Talm adge a n d  Barry G ordon  of IBM 

adm itted  to th inking  in  term s of an  im aginary  "Joe A ccountan t" user: the 

problem  th a t IBM faced, according to Galler, w as th a t "If y o u  can design  a 

language th a t Joe A ccountant can learn  easily, then  y o u 're  still go ing  to have 

problem s because you 're  p robably  going to have a  lousy  language."59 Fred 

G ruenberger of RAND later sum m ed up  the essence of the entire  debate: 

"COBOL, in  the hands of a m aster, is a  beautifu l tool - a  very  p ow erfu l tool. 

COBOL, as it's going to be hand led  by  a low  g rade  clerk  som ew here, w ill be a 

m iserable mess...Some guys are  ju st n o t as sm art as o thers. They can  d isto rt 

anything."60

The designers and  advocates of various au tom atic  p rog ram m ing  system s 

never succeeded in addressing  the larger issues p o sed  b y  the difficulties inherent

58 RAND Symposium, "On Programming Languages, Part I," 29-30.
59 RAND Symposium, "On Programming Languages, Part II," 27.
60 Ibid, 28.
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in  the p rog ram m ing  process. High-level languages w ere  necessary b u t no t 

sufficient: th a t is, the use o f these languages becam e an  essential com ponent of 

softw are developm ent, b u t could not in  them selves ensure  a successful 

developm ent effort. P rogram m ing rem ained a h ighly  skilled  occupation, and  

p rog ram m ers continued  to defy traditional m ethods of job categorization and  

m anagem ent. By the end  of the 1960s the search for a  "silver bullet" so lution to 

the  softw are crisis h a d  tu rned  away from  program m ing  languages and tow ards 

m ore com prehensive techniques for m anaging  the p rog ram m ing  process. M any 

of these new  techniques involved the creation of n ew  autom atic  p rogram m ing 

technologies, b u t m ost revolved around m ore system ic solutions and  new  

m ethods of p rog ram m er education, m anagem ent, and  professional developm ent.
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Chapter Two: The Mongolian Horde versus The Superprogrammer

Most experts agree that another barrier to the most desirable use of the computer is the 
immense culture and communication gap that divides managers from computer people. 
The computer people tend to be young, mobile, and quantitatively oriented, and look to 
their peers both for company and for approval... Managers, on the other hand, are 
typically older and tend to regard computer people either as mere technicians or as 
threats to their position and status - in either case they resist their presence in the halls of 
power.1

"Computers Can't Solve Everything," Fortune M agazine (1969)

I. The Software Crisis as a Problem of Programmer Management

In  the  collective m em ory of the p rogram m ing  com m unity, the years betw een 

1968 and  1972 m ark  a m ajor tu rn ing  p o in t in  the h istory  of their industry  and  

profession. It is du ring  this period  tha t the rhetoric o f crisis becam e firm ly 

en trenched  in  the vernacular of com m ercial com puting. A series of h igh ly  public 

softw are disasters -  the softw are related  destruction of the M ariner I spacecraft, 

the IBM O S/360 debacle, the devasta ting  criticism of contem porary  EDP 

practices pub lished  by  M cKinsey and  C om pany -  len t credence to the popu lar 

belief th a t an  industry-w ide softw are crisis w as im m inent.2 The 1968 G arm isch 

conference gave voice to w idespread  concerns that the p roduction  of softw are

1 T. Alexander, "Computers Can’t Solve Everything," Fortune (October, 1969), 169.
2 The Mariner I incident involved a software problem that resulted in the destruction of 
multi-million dollar spacecraft. The OS/360 operating system, which cost the IBM 
Corporation half a billion dollars to develop -  the single largest expenditure in company 
history, was delivered nine months late and riddled with errors. The 1968 McKinsey 
reports suggested that most corporate computer efforts were not only poorly managed 
but also unprofitable.
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h a d  becom e "a  scare item  for m anagem en t...an  unprofitable  m orass, costly and  

unend ing ,"  w hile a t the sam e tim e establishing "softw are engineering" as the 

dom inan t pa rad ig m  for th ink ing  abou t the  future of the  industry .3

In  the w ake of these events num erous attem pts w ere m ade to  realize this 

softw are engineering  "revo lu tion ."  M any of these a ttem pts involved no t so m uch 

the  developm ent of new  p rog ram m ing  technologies as the im position  of new  

m anagem ent m ethodologies. Indeed , m any  of the m ost significant innovations in  

softw are engineering  to be developed  in  the im m ediate post-G arm isch era  w ere 

as m uch  m anagerial as they  w ere  technological or professional. This tu rn  

tow ards m anagem ent so lu tions to  the softw are crisis reflects a significant shift in 

contem porary  a ttitudes to w ard s p rogram m ers and  o ther com puter specialists.

By reconstructing  the softw are crisis as a  problem  of m anagem en t technique 

ra th e r than  technological innovation , advocates of these new  m anagem ent- 

o rien ted  approaches also relocated  the focus of its solution, rem oving  it from  the 

dom ain  of the com puter specialist an d  p lacing it firm ly in  the h an d s  of 

trad itional m anagers.

This chapter explores the changing  relationship betw een  softw are w orkers 

and  their corporate em ployers. M y argum en t is th a t the significant 

developm ents in  softw are m anagem en t tha t occurred in  this p e rio d  can best be

3 Peter Naur, Brian Randall, and J.N. Buxton, ed.. Software Engineering: Proceedings o f 
the NATO conferences (New York: Petrocelli/Carter, 1976), 4.
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understood  as a  jurisdictional s truggle over con tro l of the increasingly valuable 

occupational te rrito ry  opened  u p  by  the electronic digital com puter. Just as the 

com puter itself w as gradually  reconstructed, in  response to a  changing social a nd  

technical env ironm ent, from  a scientific an d  m ilita ry  instrum ent into a 

m echanism  for corporate  com m unication a n d  control, the m o d em  business 

o rgan ization  h a d  to a d ap t itself to the presence of a  pow erful n ew  technology.

As the  com pu ter transform ed from  a tool to  b e  m anaged  into a  tool fo r 

m anagem ent, com puter users em erged  as p ow erfu l "change-agents" (to use the 

m anagem ent term inology of the era). Faced w ith  this perceived challenge to their 

occupational territo ry , trad itional m anagers a ttem p ted  to reassert their control 

over corpora te  d a ta  processing. The m anagerial innovations o f the late 1960s can 

only be u n d ers to o d  in  term s of this very  real struggle  for professional authority .

“Seat-of-the-Pants Management”

In  describ ing  his experiences as the pro ject m anager of the single largest a nd  

m ost expensive softw are developm ent effort ever undertaken  in  the history  of 

the IBM C orporation , the no ted  com puter scientist Frederick P. Brooks p rov ided  

a curiously  lite ra ry  po rtraya l of the com puter program m er: "The program m er,
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like the poe t, w orks only slightly rem oved from  p u re-th o u g h t stuff. H e builds 

his castles in  the air, from  air, creating b y  exertion of the im agination."4

T hat a technical m anager in  a conservative corporation  shou ld  use such lofty 

language in  reference to such a stereotypically m undane and  prosaic occupation 

is strik ing b u t n o t unusual. Throughout the 1950s an d  early  1960s, com puter 

p rog ram m ing  w as w idely  considered to be a  uniquely  creative activity  - genuine 

" 'b rain  business,' often  an  agonizingly difficult intellectual effort" -  and  therefore 

alm ost im possible to m anage using conventional m ethods.5 A necdotal evidence 

seem ed to indicate  tha t "the p ast m anagem ent techniques so successful in other 

disciplines do  n o t w ork  in  program m ing d e v e lo p m e n t... N o th ing  w orks except 

a flying-by-the-seat-of-the-pants approach."6 The general consensus w as that 

com puter p rog ram m ing  w as "the kind of w ork  tha t is called creative [and] 

creative w o rk  ju st cannot be m anaged."7

The id ea  tha t com puter program m ing w as som ehow  an  "exceptional" 

activity, unconstra ined  by  the standard  organizational hierarchy  and  controls, 

forestalled early  attem pts to autom ate its processes o r to regulate  its activities.

4 Frederick P. Brooks, The M ythical Man-Month: Essays on Software Engineering (New 
York: Addison-Wesley, 1975), 7.
5 Gene Bylinsky, "Help Wanted: 50,000 Programmers," Fortune 75, 3 (March, 1967), 141.
6 Charles Lecht, The M anagement o f Computer Programming Projects (New York: 
American Management Association, 1967), 9.
7 Robert Gordon, "Review of Charles Lecht, The Management of Computer 
Programmers," Datamation 14,4 (1968), 200-202.
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W e lam ent the cost of program m ing; w e reg re t the tim e it takes. W hat w e 
really  are unh ap p y  w ith  is the  to ta l p rog ram m ing  process, no t 
p rog ram m ing  (i.e. w riting  routines) p e r se ... A ll th e program m in g  
language im provem en t in  th e w o rld  w ill n o t sh orten  the in tellectu a l 
a c tiv ity , th e th inking, the an alysis, th a t is  in h eren t in  the program m in g  
process?

In  the  early  decades of com puting  there w ere a  n um ber of reasons w hy 

softw are developm ent projects w ere generally  though t to be  unsusceptible to 

trad itional m anagem ent approaches. F irst of all, even  the m ost veteran  com puter 

users h a d  only  a few  years ' experience w ith  these novel devices. In the  early  

1950s, the  technology of electronic com puting  changed an d  developed w ith  

rem arkable rapidity . The "best practice" guidelines that app lied  to one 

p articu lar generation  o f equ ipm en t w ere quickly superceded  by a d ifferent set of 

techniques and  m ethodologies.9 Secondly, and  perhaps m ore im portantly , the 

perform ance and  m em ory constrain ts of the first com m ercial com puters 

d em anded  th a t p rogram m ers cultivate a series of idiosyncratic and h ighly  

ind iv idua l craft techniques designed  to overcom e the lim itations of prim itive 

hardw are . For exam ple, contem porary  m em ory devices w ere  so slow  and  had  

such little capacity  tha t p rogram m ers h a d  to develop ingenious techniques to fit 

their p rogram s into the available m em ory  space. In  o rder to  coax every b it of 

speed  o u t of a relatively slow  storage device such as a ro tating  m em ory d rum ,

8 Willis Ware, "As I See It: A Guest Editorial," Datamation 11,5 (1965), 27. Emphasis 
added.
9 Datamation Editorial, "The Facts of Life," Datamation 14,3 (1968), 21.
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pro g ram m ers w ould  carefully organize their coded  instructions in  such  a  w ay  as 

to assu re  th a t the each instruction  passed  by the m agnetic read  h ead  in  ju st the 

rig h t o rd e r and  a t ju st the rig h t execution time. O nly  the best p rog ram m ers 

could  hope to develop applications th a t w orked  a t acceptable levels of usability 

an d  perform ance. As IBM researcher John Backus fam ously characterized  the 

situation , "program m ing in  the 1950s w as a black art, a  p rivate  arcane m atter ... 

each p rob lem  required  a  un ique beg inn ing  a t square  one, and  th e  success of a 

p ro g ram  depended  prim arily  on  the p rogram m er's p rivate  techniques and  

inventions."10

This reliance on  ind iv idual creativity  and clever "w ork-arounds" created the 

im pression  th a t p rogram m ing  w as indeed  m ore of an  a rt th an  a  science. This 

n o tion  w as reinforced by  a series of ap titude  tests an d  personality  profiles tha t 

suggested  th a t com puter p rogram m ers, like chess m asters or v irtuoso  m usicians, 

w ere  endow ed  w ith  a uniquely  creative ability. G reat d isparities w ere 

d iscovered  betw een the p roductiv ity  o f ind iv idual p rogram m ers. Dr. E.E. David 

of Bell Telephone Laboratories spoke for m any w hen  he a rg u ed  th a t large 

softw are projects could never be m anaged  effectively, because "the  vast range of 

p ro g ram m er perform ance indicated  earlier m ay m ean  that it is difficult to obtain

10 John Backus, "Programming in America in the 1950s - Some Personal Impressions," in 
Nick Metropolis, et al., eds., A  h istory o f com puting in  the tw entieth century a collection 
o f essays (New York: Academic Press, 1980), 126.
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better size-perform ance softw are using  m achine code w ritten  b y  an  arm y of 

p rogram m ers of lesser th an  average caliber."11

This focus o n  program m er perform ance contributed to the social 

construction of the  softw are crisis as a  p roblem  of p rog ram m er personnel 

selection. In  the 1950s the p rim ary  crisis facing the in d u stry  w ere quantifiable 

m anpow er shortages; by  the 1960s the issue was m ore qualitative. The problem  

w as no t so m uch  a lack of program m ers per se; w hat the  in d u stry  w as really 

w orried  abou t w as a shortage of experienced, capable developers. One industry  

observer w en t so far as to argue tha t the "m ajor m anagerial task  is finding - and  

keeping - 'the rig h t people': w ith  the righ t people, all p rob lem s v an ish ."12 

Program m ers w ere  selected for their intellectual gifts a n d  ap titudes, rather than  

their business know ledge or m anagerial savvy. "Look for those w ho like 

intellectual challenge rather than  interpersonal relations or m anagerial decision

m aking. Look for the chess player, the solver of m athem atical p u zz le s ."13 

Skilled program m ers w ere though t to be effectively irreplaceable, and  w ere 

trea ted  and  com pensated accordingly.

D uring this period , m any corporate program m ers enjoyed a n  unprecedented 

degree of personal au thority  and professional autonom y. "Experience show s

11 Naur, et al., Software Engineering, 33.
12 Robert Gordon, "Personnel Selection," in Fred Gruenberger and Stanley Naftaly, eds., 
Data Processing. Practically Speaking (Los Angeles: Data Processing Digest, 1967), 88.
13 Joseph O'Shields, "Selection of EDP Personnel," PersonnelJournal 44,9 (October 
1965), 472.
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th a t h igh  quality  ind iv iduals are the key  to top grade p ro g ram m in g /' a rgued  a 

1959 Price-W aterhouse s tu d y  on  B usiness E xperience w ith  E lectronic C om puters.

W hy? P ure ly  an d  sim ply because m uch of the w o rk  involved is exacting 
and  difficult enough  to require real intellectual ability an d  above average 
personal characteristics...A  know ledge of business operations can  usually 
be ob tained  by  a n  adequate expenditure of tim e and  effort. Innate ability, 
on the o th er h an d , seem s to have a  g rea t deal to do w ith  a m an 's capacity 
to perfo rm  effectively in  the fields of com puter coding a n d  system s 
design.14

Program m ers w ere  no t only "encouraged to feel th ey  are professionals," b u t 

they  w ere included  as active participants in  all phases o f application 

developm ent, from  design  to im plem entation, in  o rder to ensure their 

cooperation an d  en thusiasm .15 Systems analysts and  p rogram m ers w ere 

"professionals do ing  w ork  tha t is generally of a h igher creative level than  m ost 

w o rk  found in  business today ."16 As professionals w ith  certain  h igh ly  developed 

skills, "each prac titioner has a  'personal m onopoly' w hich  m anifests itself in the 

m arket p lace ."17 For the tim e being, the pow er to contro l the com puter rested 

w ith  the ind iv idual p rogram m er, ra ther than  w ith  the m anagem ent bureaucracy.

By the beg inn ing  o f the 1960s, how ever, developm ents occurred in  bo th  the 

technical and  social environm ent of com m ercial com puting  th a t p rom p ted  a

14 B. Conway, J. Gibbons, and D.E. Watts, Business experience with electronic computers, 
a synthesis o f w hat has been learned from electronic data processing installations (New 
York: Price Waterhouse, 1959), 81-83.
15 Conway, Business experience with electronic com puters, 81.
16 Roger Guarino, "Managing Data Processing Professionals," Personnel Journal 
(December, 1969), 972-975.
17 Ibid, 972.
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reevaluation  of conventional m ethods of softw are p roduction . In  the first half of 

the decade innovations in  transistor and  in teg ra ted  circuit technology increased 

the m em ory  size a n d  processor speed  of com puters by  a  factor of ten, p rovid ing  

an  effective perform ance im provem ent of a lm ost a hu n d red . The falling cost of 

h a rd w are  allow ed com puters to be used  for m ore  and  larger applications, w hich 

in  tu rn  required  larger an d  m ore com plex softw are. As the scale of softw are 

projects expanded, they  becam e increasingly difficult to supervise an d  control. 

They also became m uch  m ore expensive. Large softw are developm ent projects 

acquired  a repu ta tion  for being behind-schedule, over-budget, and  bug-ridden.

F reed  from  som e of the constraints of earlier technology, the pressing  

problem s for softw are developers now  appeared  to be m ore m anagerial than  

technical. N ew  perspectives on  these problem s began  to appear in the industry  

literature. "There is a  vast am ount of evidence to  indicate th a t w riting- a large 

p a rt o f p rog ram m ing  is w riting  after all, albeit in  a  special language for a very 

restricted  audience - can be p lanned, scheduled a n d  controlled , nearly  all of 

w hich  has been flagrantly  ignored by  bo th  p rogram m ers and  their m anagers," 

a rgued  Robert G ordon  in  a 1968 review  article.18 The professional journals of this 

period  are  replete w ith  exhortations tow ards b e tte r softw are developm ent 

m anagem ent: "C ontro lling  C om puter Program m ing"; "N ew  Pow er for

18 Gordon, "Personnel Selection," 200.

100

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



www.manaraa.com

The M ongolian H orde vs. The Superprogram m er 101

M anagem ent"; "M anaging the  P rogram m ing  Effort"; "The M anagem ent of 

C om pu ter Program m ing E fforts."19 A lthough  it  w as adm itted ly  true  " th a t 

p rog ram m ing  a com puter is m ore a n  a rt than  a science, tha t in  som e of its aspects 

it is a  creative process," this new  perspective  on  softw are m anagem ent suggested  

th a t "as a  m atter of fact, a m odicum  of intelligent effort can p rov ide  a very  

satisfactory degree of control."20

O ne of the justifications often suggested  for this changing a ttitude  tow ard  

p rog ram m ing  (and program m ers) w as basic econom ic efficiency. T ow ards the 

end  of the  1960s the venerable m anagem ent consulting firm  of M cKinsey & 

C om pany  published  a series of repo rts  suggesting th a t the real reason  tha t m ost 

d a ta  processing installations w ere unprofitab le  is tha t "m any o therw ise effective 

top m anagem ents...have  abdicated  con tro l to staff specialists - good technicians 

w ho  have neither the operation experience to know  the jobs th a t need  do ing  n o r 

the au tho rity  to get them  done righ t."  21 These reports helped  redefine 

con tem porary  understand ings of the  n a tu re  and  causes of the softw are crisis, 

tu rn in g  the focus of debate aw ay  from  "finding  and  caring for good

19C.I. Keelan, "Controlling Computer Programming," Journal o f System s M anagem ent 
(January, 1969); D. Herz, N ew  Pow er fo r M anagem ent (New  York: McGraw-Hill, 1969); 
Richard Canning, "Managing the Programming Effort," EDP A nalyzer^, 6 (1968), 1-15; 
Charles Lecht, The M anagement o f Com puter Programming Projects (New York: 
American Management Association, 1967).
20 Keelan, "Controlling Computer Programming," 30.
21 McKinsey & Company, "Unlocking the Computer's Profit Potential," Com puters & 
Autom ation (April 1969), 33.
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program m ers" and squarely  tow ards the problem  of p rogram m er m anagem ent.22 

The solution to "unlocking the com puter's p rofit potential," according to the 

M cKinsey & Com pany, w as to restore the p roper balance betw een m anagers and 

program m ers: "O nly m anagers can m anage the com puter in  the best interests of 

the business. The com panies th a t take this lesson to h eart today  w ill be the 

com puter profit leaders o f tom orrow ."23 By reconstructing the softw are crisis as 

a problem  of m anagem ent technique rather than  technological innovation, the 

M cKinsey report also relocated the focus of its solution, rem oving it from  the 

dom ain  of the com puter specialist and  placing it firm ly in  the hands of 

trad itional m anagers.

The 1968 G arm isch Conference irrevocably established softw are 

m anagem ent as one of the  central rhetorical cornerstones of all future softw are 

engineering discourse. The organizers of the conference called for the adoption  

by  softw are m anufacturers of the "types of theoretical foundations and  practical 

disciplines" traditional in  the established branches of engineering .24 For a 

num ber of conference participants, the key w ord  in  this provocative m anifesto 

w as "discipline." In his w idely  quoted pap er on  "m ass-produced softw are

22 Service Bureau Corporation, "Find and care for a good programmer, and keep him 
happy," Datamation 10, 7 (1964).
23 McKinsey & Company, "Unlocking the Computer's Profit Potential," 33.
24 Naur, et al., Software Engineering, 7.
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com ponen ts/' D ouglas M cllroy forcefully articu lated  his p lan  for 

"industrializing" softw are production:

W e undoubted ly  p roduce softw are by  backw ard  techniques. W e 
undoubted ly  get the sho rt end  of the stick in  confrontations w ith  
hardw are people because they  are the industria lists an d  w e are the 
crofters. Softw are p roduction  today appears in  the scale of 
industrialization som ew here below  the m ore backw ard  construction 
agencies. I th ink  th a t its p ro p er place is considerably  h igher, and  w ould  
like to investigate the prospects for m ass-production  techniques in 
softw are.25

A lthough M cllroy does no t explicitly add ress issues of professional concern 

to occupational p rogram m ers, such as status, au tonom y, and  job satisfaction, his 

v ision of a software "com ponents factory" invokes fam iliar im ages of 

industrialization a n d  proletariatization. A ccording to his p roposal, an  elite corps 

of "softw are engineers" w ou ld  serve as the Frederick Taylors of the softw are 

industry , carefully orchestrating  every action o f a h ighly-stratified p rogram m er 

labor force. A nd like the engineers in  m ore trad itional m anufacturing  

organizations, these softw are engineers w ould  identify  them selves m ore as 

corporate citizens th an  as independen t professionals.

N ot every p roposed  so lution to the softw are crisis suggested  a t  G arm isch 

w as as blatantly  m anagem ent-oriented as M cllroy's. N evertheless, the them e of 

transform ation from  a  craft-based "black a rt" of p rog ram m ing  to the industrial 

discipline of softw are engineering dom inated  m any  of the presen tations and

25 Ibid.
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discussion. The focus o n  m anagem ent solutions reflected - a n d  reinforced -  a 

larger groundsw ell of p o p u la r opinion tha t extended far b ey o n d  the  confines of 

the actual conference. The industry  literature of the p eriod  is rep le te  w ith 

exam ples of this changing  a ttitude  tow ards softw are m anagem ent. Even those 

proposals that seem ed to  be m ost explicitly technical, such  as those advocating 

structu red  p rogram m ing  techniques or high-level language developm ents, 

contained a strong m anagerial com ponent. M ost requ ired  a  rig id  division of 

labor and the adop tion  of tigh t m anagem ent controls over w orker autonom y. 

W hen a prom inent ad h eren t of object-oriented p rogram m ing  techniques spoke of 

"transform ing p rog ram m ing  from  a solitary cut-to-fit craft, like the cottage 

industries of colonial A m erica, into an  organizational en terp rise  like 

m anufacturing is today ,"  he w as referring no t so m uch to the adop tion  of a 

specific technology, b u t ra th er to the im position of established an d  traditional 

form s of labor o rganization  an d  w orkplace relationships.26 The solutions to the 

"softw are crisis" m ost frequently  recom m ended by m anagers - am ong  them  the 

elim ination of rule-of-thum b m ethods (i.e. the "black a rt"  o f p rogram m ing), the 

scientific selection and  tra in ing  of program m ers, the developm en t of new  forms 

of m anagem ent, and  the efficient division of labor -  w ere n o t fundam entally

26 Brad Cox, "There is a Silver Bullet," Byte 15,10 (1990), 209.

104

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



www.manaraa.com

The M ongolian Horde vs. The Superprogrammer 105

different from  the four principles of scientific m anagem ent espoused  by 

Frederick Taylor in  a n  earlier e ra .27

II. Aristocracy, Democracy, and Systems Design

I t w ould  be im possible to describe all of the num erous approaches to 

p rogram m er m anagem ent th a t were developed in this a n d  subsequent periods.

It is enough for the purposes of this d issertation to describe the defining 

characteristics of a  few  of the m ost p rom inen t m ethodologies: the hierarchical 

system ; the chief p rog ram m er team  approach; and the adap tive  program m er 

team  (or "egoless" p ro g ram m in g ) m odel. The hierarchical system s approach, 

originally developed  for large, governm ent-sponsored p rog ram m ing  projects at 

the System D evelopm ent C orporation a n d  IBM Federal System s Division, 

resem bles the h igh ly  stratified, top-dow n organizational structure fam iliar to 

m ost conventional corporate  employees. The chief p rog ram m er team , although 

it w as also developed  a t IBM Federal System s, reflects a n  entirely  different 

approach  to p rog ram m er m anagem ent orien ted  a round  the leadership  of a single

27 Taylor's four principles of scientific management can easily be m apped on the 
software management literature of this and other periods. In brief, his four principles 
were: 1) develop a science for each element of work to replace traditional rule-of-thumb 
methods; 2) scientifically select, train, and develop the workers, rather than let them 
define their own work practices; 3) cooperate with the workers to insure adherence to 
the new scientific principles; 4) establish an equal division of the work and the 
responsibility between management and labor, with management taking over all the 
tasks for which they are better suited. See Frederick Winslow Taylor, The Principles o f 
Scientific M anagem ent (New  York: Harper Brothers, 1911).
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m anageriaU y-m inded "super-p rogram m er."  The adaptive team  ap p ro ach  w as 

popu larized  as "egoless" p rog ram m ing  b y  the iconoclastic G erald  W einberg in  

h is 1971 classic The P sych o logy o fC o m p u ter Program m ing.7* W einberg  

p roposed  an  open, "dem ocratic" style of m anagem ent that em phasized  

team w ork  and  ro tating leadership.

A lthough it is possible to a rrange  these approaches into a  ro u g h ly  

chronological order, it is n o t m y  in ten tion  to suggest tha t they rep resen t any 

sim ple "evolution" tow ards increasing  m anagerial control or econom ic 

efficiency. Each of these m anagem ent m ethodologies represents separa te  b u t 

in terrelated  visions about how  com puter p rogram m ing as an  econom ic activity, 

an d  com puter p rogram m ers as asp iring  professionals, could best be  in tegrated  

in to  the established social an d  technological system s of the trad itional 

corporation. Each of these approaches bu ilt on, and  responded  to , the  

innovations and shortcom ings of the  others. They also reflected th e  backgrounds 

an d  aspirations of their advocates an d  developers. By study ing  carefu lly  the 

salient features of each of these th ree  m ethodologies, w e will be b e tte r  able to 

situate  them  in their particu lar social and  historical context, an d  hence to 

u n d ers tan d  m ore fully their con tribu tion  to contem porary  debates ab o u t the 

na tu re  and  causes of the softw are crisis.

28 Gerald Weinberg, The Psychology o f Com puter Programming (New York: Van 
Nostrand Rheinhold, 1971).
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Armies of Programmers

The first concerted a ttem pts to m anage softw are developm ent projects u sing  

established m anagem en t techniques occurred a t the  governm ent- an d  m ilitary- 

sponsored  SAGE (Sem i-Autom atic G round  Environm ent) air-defense project. 

The SAGE project w as the h eart of an  am bitious "ea rly  w arn ing" rad a r  n e tw ork  

in tended  to p rov ide  a n  im m ediate and  centralized response to sneak  attacks 

from  enem y aircraft. The p lan  w as to develop a  series o f com puterized  tracking 

and  com m unications centers that w ould  coordinate observation  an d  response 

d a ta  from  a w idely  d ispersed  system  of in terconnected perim eter w arn ing  

stations. F irst au tho rized  by  Congress in  1954, by  1961 the SAGE system  h ad  

cost m ore th an  $61 billion to develop and  operate, a n d  requ ired  the services of 

over 200,000 em ployees. The software that connected the  specially designed, 

real-tim e SAGE com puters w as the largest p rog ram m ing  developm ent then  

u n d e r w ay. The System  D evelopm ent C orporation  (SDC), a RAND C orporation  

spin-off com pany responsible for developing this softw are, h ad  to tra in  an d  hire 

a lm ost 2,000 program m ers. In  the space of a few  sh o rt years the personnel 

m anagem ent d epartm en t a t SDC effectively doub led  the  num ber of trained  

p rogram m ers in  the U nited  States.

In  o rder to  effectively organize an  unpreceden ted  n um ber of softw are 

developers, SDC experim ented  w ith  a num ber of d ifferen t techniques for
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m anaging  the p rog ram m ing  process. For the m ost p a rt, h ow ever, SDC relied on  

a  hierarchical s truc tu re  th a t located m ost p rogram m ers a t the low est levels of a 

v ast organizational p y ram id  bu ilt w ith  layer u p o n  layer of m an ag ers .29 The top 

o f this h ierarchy w as occupied by  non-technical adm inistrators. T he m iddle 

layers w ere peop led  b y  those EDP [electronic d a ta  processing] personnel w ho 

h a d  exhibited a  desire  o r ap titude for m anagem ent. In  o ther w o rd s , the 

m anagers in  the SDC hierarchy w ere  self-selected as being e ither un in terested  or 

uncom m itted  to a long-term  p rogram m ing  career. The m anagem en t style in  this 

hierarchical struc tu re  w as generally  autocratic. M anagers m ade  all of the 

im p o rtan t decisions. T hey assigned tasks, m onitored  the p rog ress of 

subord inates, and  dete rm ined  w hen  and  w h a t corrective actions needed  to be 

taken.

This hierarchical app roach  to m anagem ent w as attractive to  SDC executives 

for a  num ber of reasons. First of all, it w as a fam iliar m odel for governm en t and 

m ilitary  subcontractors. Secondly, it w as often easier to justify  b illing  for a large 

num ber of m ediocre low -w age em ployees than  a sm aller n u m ber of excellent b u t 

expensive contractors. Finally, an d  perhaps m ost im portan tly , the  "M ongolian 

h o rd e"  approach to softw are developm ent corresponded  nicely w ith  

contem porary  constructions of the roo t causes of the bu rgeon ing  "softw are

29 Claude Baum, The System s Builders: The Story o f SDC (Santa Monica, CA: System 
Development Corporation, 1981), 52.
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turm oil."30 In  the early  p a rt of the 1950s, the m ajor problem  facing the  com puter 

industry  w as believed  to be program m ing  train ing  and recru itm ent. A t the 1954 

Conference o n  T rain ing  Personnel for the C om puting  M achine Field, E.P. Little 

of W ayne State U niversity  w arned  industry  m anagers th a t "estim ates of 

m anpow er needs for com puter applications...[are] astound ing  com pared  to the 

facilities for tra in ing  people for this w o rk ."31 W .H. W ilson of G eneral M otors 

observed "a un iversal feeling tha t there is a definite shortage o f technically 

trained people in  the  com puter fie ld ."32 The w idely  perceived "gap  in  

p rogram m ing su p p o rt"  w as though t to be a problem  of quan tity  ra the r than  

quality .33 It w as on ly  later th a t the em phasis shifted from  p rog ram m ing  training 

to program m er selection, from  "w here do w e find program m ers," to "w here do 

w e find the rig h t p rogram m ers."

Faced w ith  a shortage of experienced p rogram m ers, SDC em barked  on an 

extensive p rog ram m ing  of in ternal train ing and  developm ent. M ost of their 

trainees had  little o r no experience w ith  com puters; in fact, m an y  m anagers at 

SDC preferred  it th a t way. Like m any corporations in the 1950s, they  believed 

th a t "It is m uch  easier to teach ou r personnel to p rogram  th an  it is to  teach

30 Also known as the "Chinese army" approach, at least until the phrase became 
unpopular in the early 1950s.
31 Arvid W. Jacobson, ed., Proceedings o f the First Conference on Training Personnel for 
the Com puting M achine Field h eld  a t Wayne U niversity, D etroit, M ichigan, June 22 and 
23, 1954 (Detroit: Wayne University Press, 1955), 79.
32 Jacobson, Proceedings o f the First Conference on Training Personnel, 21.
33 Robert Patrick, "The Gap in Programming Support," Datamation 7,5 (1961), 37.
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outside experienced p rogram m ers the details of o u r business." 34 In  any  case, in  

the period  betw een 1956 an d  1961 the com pany tra ined  7,000 p rog ram m ers and  

system s analysts. A t a tim e w hen  all the com puter m anufacturers com bined 

could  only provide 2,500 s tu d en t weeks of instruction annually , SDC devoted  

m ore than  10,000 studen t w eeks to instructing its ow n  personnel to p ro g ram .35

The apparen t success th a t SDC achieved in m ass-producing  p rogram m ing  

ta len t reinforced the notion  th a t a  hierarchical approach  w as the suitable m odel 

for large-scale software developm ent. If large quantities o f p rog ram m ers could 

be p roduced  on  dem and, th en  ind iv idual p rogram m ers w ere  effectively 

anonym ous and  replaceable. A  complex system  like SAGE cou ld  be broken 

d o w n  into sim ple, m odular com ponents tha t could be easily u nd ers to o d  by any 

p rog ram m er w ith  the appropria te  train ing  and  experience. The principles 

beh ind  the approach  w ere essentially those tha t had  p roven  so successful in 

trad itional m anufacturing: replaceable parts, sim ple and  repetitive  tasks, and  a 

strict division of labor.

The hierarchical m odel o f softw are developm ent was a d o p te d  by  a  num ber 

of other m ajor software m anufacturers, particu larly  those invo lved  in  sim ilarly 

large m ilitary or governm ent projects. It is n o t clear how  d irec t w as the

34 Baum, The System s Builders, 48.
35 T.C. Rowan, "The Recruiting and Training of Programmers," Datamation 4,3 (1958), 
16-18.
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connection, be tw een  SDC and  these other m anufacturers. SDC certainly h ad  a 

role in  train ing  a large  num ber of p rogram m ers a n d  EDP m anagers. "W e trained 

the industry!" b oasted  SDC veterans: "W hatever com pany  I visit, I m eet two or 

three SDC a lu m n i."36 The labor historian Philip  K raft a ttribu tes m uch of w hat 

he refers to as the "rou tin iza tion" of p rog ram m ing  labor to the "degrad ing" 

influence of m ilitary-industria l organizations such  as SDC. H e describes the SDC 

"softw are factories" as "the first systematic, large-scale effort on  the p a rt of EDP 

users to transform  th e  h ighly  idiosyncratic, artisan-like occupation" of com puter 

p rogram m ing  in to  "one  w hich m ore closely resem bled  conventional industrial 

w o rk ."37 H e argues th a t SDC played a significant role in  d iffusing and  

popu lariz ing  the h ierarchical approach to softw are eng ineering  m anagem ent.

W hether the claim  th a t SDC policies and  SDC personnel p layed  a direct role 

in diffusing the h ierarchical system  of m anagem ent th ro u g h o u t the com puter 

in d u stry  w as valid , sim ilar top-dow n m ethodologies w ere  w idely  adopted. In 

the IBM Federal System s division, a m ulti-level o rgan izational structure was 

used  o n  all large governm en t projects. IBM m anager Philip  M etzger prov ided  a 

deta iled  descrip tion o f the Federal Systems app roach  in  his h igh ly  popu lar 

tex tbook M anaging a P rogram m ing Project, w h ich  w en t th ro u g h  three editions

36 Baum, The System s Builders, 47.
37 Philip Kraft, Program m ers and Managers: The Routinization o f Com puter 
Programming in the U nited States (New York: Springer-Verlag, 1977), 39.
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in  the  p erio d  betw een  1973 an d  1996.38 A  1974 article on  "Issues in  

P rogram m ing  M anagem ent" th a t ap p ea red  in  the respected  industry  new sletter 

EDP A nalyzer listed the hierarchical system s approach  as one of the m ost 

com m only im plem ented softw are m anagem ent m ethodolog ies.39 Joel A ron, 

ano ther IBM Federal Systems veteran , u sed  the hierarchical m odel as the  basis 

for his series o f books on The Program  D evelopm en t Process?®

The hierarchical approach  to softw are developm ent w as attractive to 

m anagers because it corresponded nicely w ith  the contem porary  m anagem ent 

theories. In  the  first half of the  tw en tie th  century , corporate  m anagem ent 

becam e a professional activity dom inated  by  specialists and  experts. As the 

h isto rian  A lfred  Chandler has fam ously described it, " the existence of a 

m anagerial h ierarchy is a defining characteristic of the m o d em  business 

en te rp rise ."41 These professional m anagers developed  a shared  culture and  

value system  reinforced by  an  increasingly form alized p rogram  of tra in ing  and  

education. T hey exerted a h igh  degree of control over the w ork  practices of their 

subord inates, "scientifically m anaging" all aspects of the business and

38 Philip Metzger, Managing a Program m ing Project (Englewood Cliffs, N.J: Prentice- 
Hall, 1973).
39 Richard Canning, "Issues in Programming Management," EDP A nalyzer 12, 4 (1974), 
1-14.
40 Joel Aron, The Individual Programmer, The Systems Programming Series (Reading, 
MA: Addison-Wesley, 1983); Joel Aron, Part II: The Programming Team, The Program 
Development Process (Reading, MA: Addison-Wesley, 1983).
41 Alfred P. Chandler, The Visible Hand: The M anagerial Revolution in American 
Business (Cambridge, MA: Belknap Press, 1977), 7.
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m anufacturing process. EDP m anagers assum ed th a t the  techniques and  

structures tha t appeared  to w ork  so efficiently in  trad itiona l industries w ould 

translate na turally  into the softw are developm ent departm ent. It w as only a 

m atter of identifying and  im plem enting the "one best w a y "  to develop software 

com ponents.

Em bedded in  the hierarchical m odel of m anagem ent w ere a series of 

assum ptions about the essential character of p rog ram m ing  as an  occupational 

activity. Im plied in  the suggestion  that the structures a n d  procedures of a 

traditional m anufacturing organization  could be seam lessly  m apped  on  to the 

EDP departm ent w as a belief that the skills and  experience required  to  program  

a com puter w ere, in effect, n o t very  different from  those required  to assem ble an 

autom obile. M anagers could  define, in  the m inu test detail, the specifications that 

the program m ers w ould follow. The program m ers, in  tu rn , need only  be trained 

to perform  a very lim ited an d  specialized function. Ind iv idua l program m ers 

w ere looked u p o n  as interchangeable un its .42 T hey lacked a distinct 

professional identity. The p a th  to advancem ent in  the hierarchical system  (if 

indeed there actually w as one available to m ere p rogram m ers) w as th rough  

m anagem ent. Certification p rogram s were desirable in  o rd er to ensure  a 

m inim um  levels of com petence, b u t only as m eans for assuring  a standard

42 Richard Canning, "Issues in Programming Management."
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degree of perform ance and  p ro d u c t.43 P rogram m ers w ere  encouraged  to be 

professionals only  to  the extent th a t being a  professional m ean t self-discipline, a 

w illingness to  w ork  long  hours w ith  no overtim e pay , and  loyalty  to the 

corporation an d  obedience to superv isors.44

The no tion  th a t program m ers could be trea ted  as unskilled  clerical w orkers 

w as reinforced by  a series of technical developm ents in tended  to allow  m anagers 

to m echanically transla te  high-level system s designs into the low -level m achine 

code requ ired  by  a  com puter. For exam ple, one of the  alleged advantages of the 

COBOL p rogram m ing  language frequently  to u te d  in  the lite ra tu re  w as its ability 

to be read , und ers to o d  -  and  perhaps even w ritten  -  by  in form ed m anagers.45 

M ore than  a fashionable m anagem ent technique, the hierarchical organizational 

m odel w as a ph ilosophy  about w ha t p rog ram m ing  w as a n d  w here  program m ers 

stood in  rela tion  to o ther corporate professionals. It em bodied  -  in  a  com plex of 

in terrelated cu ltu ral, technical, an d  political system s - a particu lar social 

construction o f the na tu re  and causes of the softw are crisis.

Despite the obvious appeal th a t the theory  o f hierarchical system s held  for 

conventional m anagers, it rarely w orked  as in ten d ed  in  actual practice.

A lthough m anagers w ould  have preferred  to th in k  of p rog ram m ing  as routine

43 Richard Canning, "Professionalism: Coming or Not?," EDP Analyzer 14,3 (1975), 1-12.
44 Brian Rothery, Installing and M anaging a Com puter (London: Business Books, 1968), 
80.
45 Gordon, "Personnel Selection," 85.
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clerical w ork  an d  p rog ram m ers as interchangeable laborers, experience 

suggested th a t in  rea lity  the situation  w as quite different. I have already- 

described how , in  the  late 1950s an d  early  1960s, p ro g ram m in g  h a d  acquired  a 

reputation  as be ing  a un iquely  creative activity requ iring  "rea l in tellectual ability 

and  above average personal characteristics."46 "To 'teach ' the  equipm ent, as is 

am ply evident from  experience to date, requires considerable skill, ingenuity , 

perseverance, o rgan iz ing  ability, etc. The hum an  e lem ent is crucial in  

program m ing ."47 A necdotal evidence suggesting th a t sk illed  p rog ram m ers w ere 

essential elem ents of softw are developm ent w as su p p o rted  b y  num erous 

em pirical studies p ro d u ced  by  industria l psychologists a n d  p ersonnel experts.

The realization tha t com puter program m ing  w as a m ore  intellectually 

challenging activity  th an  w as originally  anticipated th rew  a  m onkey  w rench  into 

the elaborate hierarchical system s th a t m anagers h ad  constructed . W hereas the 

"software turm oii" of the  1950s w as a ttributed  largely  to num erica l shortages of 

program m ers, the "p rog ram m er quality" problem s of the 1960s dem anded  a 

subtly  different construction  of the  roo t causes of the "softw are  crisis." The 

problem  could still be defined  as a m anagem ent prob lem  requ iring  a 

m anagem ent-driven solution. W hat h ad  changed w as the  p revailing  conception

46 Conway, Business experience with electronic computers,. 81.
47 Ibid, 81-82.
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of w h a t p rog ram m ers w ere and  w hat they did. A  1967 article in  Fortune 

M agazine laid  o u t the issue in  plain  language for its executive readership:

The m assive attack  o n  system s softw are poses difficult m anagem ent 
problem s. O n the  one hand, a good p rog ram m er, like a w riter or 
com poser, w orks best independently. But the  pressure  to tu rn  o u t 
opera ting  system s an d  o ther program s w ith in  a lim ited tim e m ake it 
necessary  to dep loy  huge task forces w hose coordination  becom es a 
m onstrous task. The problem  is fu rther com plicated by  the fact th a t there 
is no  "best w ay" to w rite  either a  system s o r an  application p rogram , or 
any  p a rt  of such  program . Program m ing has now here  near the discipline 
of physics, for exam ple, so intuition plays a  large part. Yet ind iv idual 
p rog ram m ers differ in  their creative and  in tu itive  abilities.48

C om panies th a t im plem ented hierarchical system s m ethodologies also 

discovered th a t p rogram m ers were not content w ith  the professional iden tity  

th a t these system s im posed  upon  them. T urnover rates in  the industry  reached 

crisis p roportions, averag ing  close to 20 percent an n u a lly .49 One large em ployer 

experienced a susta ined  tu rnover rate of 10% p e r  m onth .50 The problem , 

according to one SDC survey  of term ination in terview s, w as that p rogram m ers 

w ork ing  in  hierarchical organizations "d id  n o t foresee for them selves the 

opportun ities they  w a n t for professional g row th  an d  developm ent...o r for 

p rom otion  and  advancem en t."51 The career asp irations of the p rogram m ers

48 Bylinsky, "Help Wanted: 50,000 Programmers," 141.
49 H.V. Reid, "Problems in Managing the Data Processing Department," Journal o f  
System s M anagem ent (May, 1970), 8; Richard Canning, "Managing Staff Retention and 
Turnover," EDP A nalyzer 15,8 (1977), 1-13.
50 Datamation Editorial, "EDP's Wailing Wall," Datamation 13, 7 (1967), 21.
51 Baum, The System s Builders, 52.
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conflicted w ith  the  occupational role they  h a d  been  assigned  by  the  m anagers. 

M any p referred  to p u rsu e  professional advancem ent w ith in  p rogram m ing, 

ra ther than  a w a y  from  program m ing. In  the h ierarchical system , the higher an 

ind iv idual advanced , the  m ore they w orked  as adm in istrators ra ther than  

technologists.

Superprogrammer to the rescue...

The advocates of hierarchical m anagem ent received their m ost devastating 

b low  in  the  early  1970s, w ith  the publication  of Frederick P. Brooks' The M yth ical 

M an-M onth. F rederick Brooks w as the project m anager for the IBM 

C orpora tion 's -  an d  the w orld 's  - m ost am bitious softw are developm ent project 

to  date: the IBM O S/360 operating system . In  the early  half of the 1960s, IBM 

began  to feel increasing com petitive p ressure  from  sm aller com puter 

m anufacturers such as C ontrol Data C orporation  (CDC) and  H oneyw ell. CDC 

h a d  succeeded in  challenging IBM's h igh-end  m ainfram e business w ith  a fast 

m achine (the CD C 6600) w ith  a superio r price-perform ance ratio. In  1963 

H oneyw ell announced  their H-200 m achine, w hich p osed  a serious th rea t to 

IBM 's lucrative low -end 1401 com puters. The H-200 w as 30% cheaper, 

significantly m ore  pow erfu l, and offered 1401 softw are com patibility  via its 

"L iberator" au tom atic  p rog ram  translator. In  response to these changing m arket
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conditions, IBM decided  to integrate all of its p ro d u c ts  in to  a single, com patible 

series: the System  360 machines.

The IBM System /360 has been referred to as "the  com puter that IBM m ade, 

th a t m ade  IB M ."52 The System /360 system s so lved  a num ber of problem s for 

IBM a n d  its custom ers. It filled in  the gaps in  th e  IBM line of p roduct offerings 

b y  p ro v id in g  a n  entire range of hardw are  an d  softw are  com patible com puters 

ran g in g  from  the  low -end m odel 360/20 (in tended  to com pete directly w ith  the 

H oneyw ell H-200) to the m odel 360/90 supercom puter, w hich  com pared 

favorably  to the  CDC-6600. By m aking all of these  m achines softw are com patible 

(theoretically, a t least) IBM provided an  inexpensive u p g rad e  pa th  for its 

custom ers. The client could purchase just the a m o u n t of com puting  pow er th a t 

they  needed , know ing  th a t if their needs changed  in  the  fu tu re  they could sim ply 

transfer their existing applications and  data  to the  nex t level of System /360 

h ardw are . They could  also m ake use of their ex isting  peripherals, such as tape 

readers and  p rin te rs , w ithou t requiring  an  expensive upgrade .

The System /360 w as an  enorm ously risky a n d  expensive undertaking. The 

F ortune jou rnalis t Tom  W ise referred to it as "IBM 's $5 Billion G am ble." H e 

q u o ted  one senior IBM m anager as calling it the "w e b e t the com pany" project.53 

The risk iest an d  m ost expensive com ponent o f System /360  developm ent w as the

52 Martin Campbell-Kelly, in a 1991 lecture.
53 Thomas Wise, "IBM's $5,000,000,000 Gamble," Fortune (September 1966), 226.
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O S/360 opera ting  system . In  th e  years betw een  1963 a n d  1966, over 5,000 staff 

years o f effort w e n t into the design, construction, a n d  docum entation  o f O S/360. 

W hen  O S/360 w as finally delivered  in  1967, nine m on ths late an d  r id d led  w ith  

errors, it h ad  cost the  IBM C orporation  half a billion dollars — four tim es the 

original b u d g e t -- "the  single largest expenditure  in  com pany h is to ry ."54

A lthough the S y stem /360 project tu rn ed  ou t to be  a trem endous success for 

IBM, sealing the ir position  of leadersh ip  in  the com m ercial com puter industry  for 

the next several decades, the O S/360 project w as generally  considered  to be a 

financial and  technological d isaster. The costs of the O S/360 debacle w ere 

h u m an  as w ell as m aterial:

The cost to IBM of the S y s te m /360 p rogram m ing  suppo rt is, in  fact, best 
reckoned in  term s of the toll it took on  people: the  m anagers w ho  
strugg led  to  m ake and  keep com m itm ents to top  m anagem ent an d  to 
custom ers, an d  the p rogram m ers w ho w orked  long  hours over a period  of 
years, ag a in st obstacles o f every  sort, to deliver w orking  p rog ram s of 
unp receden ted  com plexity. M any in  both  g ro u p s left, victim s of a variety  
of stresses rang ing  from  technological to physica l.55

The highly-publicized failure of the O S/360 project served as a dram atic  

illustration  of the  shortcom ings o f the hierarchical m anagem ent m ethod. 

Techniques th a t h a d  w orked w ell on a n  application requ iring  10,000 lines of code 

failed m iserably w h en  applied  to  a  m illion code line project. Faced w ith  serious

54 Thomas Watson, Jr., quoted in Campbell-Kelly and Aspray, Computer, 199.
55 Emerson Pugh, Lyle Johnson, and  John Palmer, IBM's 360 and E arly370System s 
(Cambridge, MA: MIT Press, 1991), 336.
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schedule slippages, quality  problem s, an d  unanticipated changes in  scope, the  

O S/360 m anagers d id  w h a t traditional m anufacturing m anagers w ere 

accustom ed to doing: they  a dded  m ore resources. The only  noticeable resu lt was 

th a t the project fell m ore an d  m ore behind  schedule.

The M yth ica l M an-M onth  is O S/360 project leader Frederick Brooks's post

m ortem  analysis of the  failures of trad itional hierarchical m anagem ent. It is one 

of the m ost w idely-read an d  oft-quoted references on  the practice of softw are 

engineering. The m ythical m an-m onth  in  the title refers to the com m only held- 

notion  tha t p rogress in  softw are developm ent projects occurs as a function o f 

tim e spen t tim es the num ber of w orkers allocated - the im plication being th a t 

m ore w orkers equaled  faster production. Brooks dism issed this assum ption  w ith  

now -fam ous Brooks's Law, one of the m ost m em orable aphorism s in the lore of 

softw are developm ent: A d d in g  m an pow er to a la te  so ftw are p ro je c t m akes i t  

la ter. O r to use one of Brooks's m ore earthy m etaphors, "the bearing  of a child 

takes nine m onths, no m atter how  m any w om en are assigned."56

The highly-quotable Brooks's Law  w as neither the only, nor even the m ost 

significant, of the insights p ro v id ed  in The M yth ical M an-M onth. Brooks d id  

m ore than  criticize existing m ethodologies; he p rovided  an  entirely  new  m odel 

for understand ing  softw are developm ent m anagem ent. Brooks w as firmly

56 Brooks, The M ythical Man-Month, 17.
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convinced  th a t there w as a w ide d isparity  in  perform ance am ong ind iv idua l 

p rog ram m ers. H e believed that sm all team s of sharp  p rogram m ers w ere 

substan tia lly  m ore productive th an  m uch larger g roups of m erely m ediocre 

perform ers. H e also recognized, how ever, th a t even  the best sm all team  could 

on ly  accom plish so m uch in  any  g iven  period  of tim e. The sm all team  approach  

s im p ly  d id  n o t scale w ell onto larger projects. The p roblem  of scalability w as the 

h e a r t o f the "cruel dilem m a" facing project m anagers: "For efficiency and  

conceptual integrity , one prefers a few  good m inds do ing  design a n d  

construction. Yet for large system s one w ants a w ay  to bring  considerable 

m an p o w er to bear, so tha t the p ro d u c t can m ake a tim ely  appearance."57 A nd  yet 

the M ongolian  H orde m odel of th row ing  p rog ram m ing  resources — so-called 

"m an-m on ths"  -  a t projects was also obviously insufficient. W hat w as needed  

w as a  w ay  to app ly  the efficiency and  elegance of the sm all team  app roach  to the 

p rob lem s of large-project m anagem ent.

Brooks p roposed  the adoption  of w ha t he called the  "surgical team " m odel 

of softw are  developm ent. In  do ing  so he borrow ed  heavily  from  the w ork  of 

IBM m anager an d  researcher H arlan  Mills, w ho h ad  earlier developed  the "chief 

p ro g ram m er team " concept.58 In  b o th  versions of the chief p rog ram m er team

57 Ibid, 31.
58 The CPT concept was first introduced as one of two experimental "superprogrammer" 
projects by J.D. Aron in a paper given at the 1969 Rome Conference. The first
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(CPT) approach, a  single, expert p rogram m er w as responsible for all m ajor 

design  and im plem entation  decisions involved w ith  system  developm ent. The 

"chief p rog ram m er" (or surgeon), defined  the p rog ram  specifications, designed  

the program , coded  it, tested  it, and  w ro te  the docum entation. H e w as assisted 

in  his tasks by  a n  opera ting  team  of su p p o rt staff. H is im m ediate  assistant (or 

copilot) w as on ly  slightly  less expert th an  the chief p rog ram m er himself. H e w as 

the chief p rog ram m er's  m irror and  alter ego, serving n o t only  as an  em ergency 

backup or stand-in , b u t also as an  advisor, discussant, a n d  evaluator. A lthough 

the assistant knew  the program  code intim ately  and  m ay  even have w ritten  som e 

of it, it was the chief program m er w ho w as u ltim ately  responsible for it.

O ther m em bers of the Brooks's "surgical" team  included  an  adm inistrato r, 

w ho  handled  schedules, m oney, personnel issues, an d  h ardw are  resources; an  

editor, w ho p ro v id ed  the finishing touches to chief p ro g ram m er's  

docum entation; tw o  secretaries w ho dea lt w ith  correspondence and  filing; a 

p rogram  clerk w ho  m aintained all the technical records for the project; a 

"toolsm ith" w ho built, constructed, and  m aintained the  interactive tools used  by  

the rest of the team  for p rogram m ing, debugging, an d  testing; a tester, w ho

experiment involved a 30 man-year project requiring 50,000 instructions. Harlan Mills 
attempted to complete the project himself (using a prototype 'surgical team') in only six 
months. The project eventually required about six man-years of effort to complete, and 
was considered a moderate success. The second experiment mentioned by Aron at the 
Rome conference turned out to be the famous New York Times project, which 
established the reputation of the chief programmer team approach when it was 
publicized by F.T. Baker in 1971.
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served  bo th  as the  chief p rog ram m er's adversary  and  assistant, and  w ho 

developed test p lans to challenge the integrity  of the p rog ram  design and  

devised  test da ta  for day-to-day debugging; and  finally, the  "language law yer," 

w ho delighted in  the m astery  of the intricacies of a  p rogram m ing  language. The 

language law yer, unlike the chief p rogram m er, w as n o t invo lved  in  "big-picture" 

issues or system  design; h is responsibility  w as finding "n ea t an d  efficient w ays 

to use the language to do difficult, obscure, or tricky th ings." Language lawyers 

w ere  usually  called in  only for special, short-term  assignm ents.59

Figure 2.4: Communications Patterns in the Chief Programming Team

59 Brooks, The M ythical Man-Month, 34-35.
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The advantage to the chief p rog ram m er team  approach, accord ing  to Mills 

a n d  Brooks, w as th a t it dram atically  sim plified com m unications b e tw een  team  

m em bers. W hereas a  large, hierarchical organization  o f X num ber of em ployees 

cou ld  require  as m any  as (X2-X )/2  independen t p a th s  of com m unication, in  the 

CPT m odel all essential inform ation passed  th rough  the person  of the  chief 

p rog ram m er. Figure 2.4 illustrates the central role th a t that the chief p rogram m er 

p layed  in  the organization of the  p rog ram m ing  team : all team  m em bers repo rt to 

h im  directly , and  d id  no t com m unicate w ith  each o ther directly.

By centralizing all decision-m aking in  the p e rson  of the chief p rogram m er, 

the CPT approach  assured  the m aintenance of the p rogram 's s tru c tu ra l integrity. 

Brooks com pared  the conceptual architecture of the  typical large softw are project 

to th e  haphazard  design  of m any  E uropean  cathedrals; the pa tchw ork  structure  

of these  cathedrals revealed an  u np leasan t lack of continuity, reflecting the 

d ifferen t styles and techniques of different builders in  different generations. 

Brooks p referred  the architectural u n ity  of the cathedral a t Reims, w hich  derived  

"as m uch  from  the in tegrity  of design  as from  any particu lar excellences." This 

in teg rity  w as achieved only th rough  the  "self-abnegation of eigh t generations of 

bu ilders,"  each of w hom  "sacrificed som e of his ideas so that the  w hole m igh t be 

of p u re  design."60 U sing w onderfu lly  evocative Biblical language, Brooks

60 Ibid, 42.
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exto lled  the v irtues of a unified  conceptual design: "A s the child  delights in  his 

m u d  p ie , so the ad u lt enjoys bu ild ing  th ings, especially th ings o f h is ow n  design. 

I believe th a t this delight m u st be an  im age o f G od 's de ligh t in  m ak ing  things, a  

de ligh t show n  in  the distinctiveness and  new ness of each leaf an d  each 

snow flake."61 O nly  the chief p rog ram m er team  app roach  could  guaran tee  such  a 

degree o f uncom prom ised architectural in tegrity .

T he chief p rogram m er team  approach  d iffered  from  hierarchical system s 

m ethodologies in  a num ber of essential characteristics. W hereas the hierarchical 

m odel allow ed  for (and in  fact encouraged) the  use of novice p rogram m ers, the 

chief p ro g ram m er team  w as b u ilt en tirely  a ro u n d  skilled, experienced 

professionals. This im plied a  radically d ifferen t app roach  to professional 

developm ent. Each m em ber of the team  w as encouraged  to develop  w ith in  their 

ow n  particu la r disciplinary com petency; i.e. i t  w a sn 't necessary  to becom e a 

su rgeon  to advance one's career. For exam ple, a n  asp iring  language law yer 

could  continue to focus on  h is technical specia lty  w ith o u t feeling p ressu re  to 

transfer into m anagem ent. The chief p ro g ram m er team  app roach  em bodied  the 

belief th a t com puter program m ing  w as a legitim ate, respectable profession.

T he chief p rogram m er team  also reflected changing  con tem porary  notions 

abou t th e  nature  of program m ing  ability. The p rim ary  justification for using

61 Ibid, 7.
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sm all team s of experienced p rogram m ers rather th an  large hordes o f novices was 

the belief th a t one good  p rog ram m er w as w orth  a t least ten  of his average  

colleagues. In  the p erso n  o f the chief program m er, the  innate technical abilities 

of the "superp rog ram m er" w ere m erged w ith  the o rganizational a u th o rity  of the 

trad itional m anager. The chief p rog ram m er was bo th  a technical gen ius and 

expert adm inistrator. P rogram m ing  ap titude  could n o t be  abstracted from  its 

em bodim ent in particu lar individuals; skilled p rogram m ers w ere an y th in g  bu t 

"replaceable com ponents" of an  au tom ated  "softw are factory." In the  elite 

"surgical team " m odel, the  contributions of talented professionals far 

ou tw eighed  those p ro v id ed  by  trad itional m anagem ent techniques o r 

developm ent m ethodologies.

Besides endow ing com puter program m ers w ith  considerable institu tional 

pow er, The M yth ical M an-M onth  reinforced the no tion  th a t p rog ram m ing  was 

an  exceptional activity, un like any  other engineering o r m anufacturing  

discipline. His suggestion  th a t p rogram m ing  was ak in  to  poetry  strong ly  

im plied tha t p rogram m ing  w as no t an  activity that cou ld  be readily 

system atized. W hat Brooks p roposed  w as the adop tion  of useful tools and  

techniques, no t som e overarch ing  m ethodology. As he later declared in  a 

fam ous article entitled  "N o Silver Bullet," although the m anagem ent of large
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program m ing  projects could be im proved increm entally, there w ere no easy 

solutions to be derived  from  the lessons of trad itional m anufacturing.62

Like the hierarchical system s m odel, the chief p rogram m er team  w as 

intim ately linked to specific techniques an d  technologies. Since all m ajor 

decisions relating  to bo th  design and  im plem entation had  to b e  m ade by  a single 

"superprogram m er", the chief p rog ram m er team  approach effectively dem anded  

the adoption  of top-dow n developm ent techniques. T op-dow n program m ing 

w as one of the foundational principles of the "structured  program m ing" 

approach  to softw are engineering advocated  by  m any academ ic com puter 

scientists in  this period. The essence of top-dow n program m ing  w as the concept 

of abstraction: by  proceeding step-by-step from  general design  goals to the 

specific im plem entation details, a system s architect could indiv idually  m anage 

the otherw ise unm anageable com plexity of a large software developm ent project. 

The use of top-dow n program m ing techniques enabled the au thoritarian  chief 

program m er to m aintain  the "architectural integrity" that Brooks believed w as 

so central to the  design of useful and  beautifu l software program s. The hey-day 

of the structured  p rogram m ing m ovem ent w as coincident w ith  the publication of 

The M yth ical M an-M onth, and  the attractiveness of the "surgical team " approach

62 Frederick P. Brooks, "No Silver Bullet: Essence and Accidents of Software 
Engineering," IEEE Computer, April, 1987.
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to m anagem ent w as reinforced by , a n d  helped  reinforce, the popu larity  of 

struc tu red  program m ing as a developm ent technology.

In  addition to borrow ing  heav ily  from  the established techniques and  

technologies of struc tu red  p rogram m ing , the chief p rogram m er m odel also help 

define technological innovations of its ow n. The developm ent su p p o rt library 

(DSL) w as a system  of docum ents an d  procedures tha t p rov ided  for the 

"isolation and  delegation" of secretarial, clerical, and  m achine opera tions (see 

Figure 2.5 for a struc tu ra l overview  of the DSL).63 Basically, the DSL w as a set of 

technologies (including coding sheets, project notebooks, and  com puter control 

cards) tha t facilitated com m unications w ith in  the developm ent team . The DSL 

w as envisioned as a m eans of fu rther centralizing control in  the han d s o f the 

chief program m er:

The DSL perm its a chief p ro g ram m er to exercise a  w ider sp an  o f control 
over the p rogram m ing, resu lting  in  few er p rogram m ers do ing  the  sam e 
job. This reduces com m unications requirem ents an d  allows still m ore 
control in the program m ing. W ith  structured  p rogram m ing , th is span  of 
detailed control over code can  be greatly  expanded  beyond p resen t 
practice; the DSL plays a  crucial role in  this expansion.64

By provid ing  a core set of public  p rogram s and docum ents th a t w ere  highly 

visible to all m em bers of the "surg ical team ," the DSL w as supposed  to

63 F. Terry Baker and Harlan Mills, "Chief Programmer Teams," Datamation 19,12 
(1973), 198-199. In earlier accounts the DSL is referred to as the Programming Production 
Library (PPL).
64 Ibid, 200.
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discourage the " trad itiona l ad  hoc m ystique" associated w ith  conventional craft- 

orien ted  p rogram m ing .65 The chief p rog ram m er could  read , u n d ers tan d , and  

validate all of the  w o rk  done by  his subordinates. The technology o f the DSL 

w as clearly in tended  to  reinforce a conventional m anagem ent agenda: the 

transfer of control over the w ork  practices of p rog ram m ers to the h an d s of the 

m anagerial "superprogram m er."  In  language rem arkab ly  rem iniscent of the 

"head  versus h an d "  dialectic em phasized by  K arl M arx an d  his disciples, one 

p roponen t of the chief program m er team  approach  described the DSL as having  

been  "designed to separa te  the clerical an d  intellectual tasks of p rog ram m ing ."66

C h ie f  
P ro g ram m er 

T eam s

Top* D aw n 
D ev e lo p m en t

‘S P  applied  to 
co m p lete  p ro g ram  sy stem )

S tru c tu re d  P ro g ram m in g  

(A pplied to  in d iv id u a l p rogram  m o d u les )

D ev e lo p m en t S up p o rt L ib ru rj

Figure 2.5: The Developm ent Support Library

65 Ibid, 201.
66 Clement McGowan and John Kelly, Top-Down Structured Program m ing Techniques 
(New York: Petrocelli/Carter, 1975), 148.
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A lthough  the  chief p rogram m er team  received m uch a tten tion  in  the 

industry  lite ra tu re , it does n o t seem  to have been  w idely  o r successfully 

im plem ented.67 The original concept h a d  been  popu larized  b y  F.T. Baker in  a 

series of articles docum enting  the successful im plem entation of the app roach  by  

IBM m anager H arlan  Mills. Mills h ad  been  the chief p rogram m er in  a team  that 

developed a com puterized  inform ation bank  application for the N ew  York 

Tim es. Mills claim ed to accom plished in  22 m onths w h a t a traditionally , 

hierarchically m anaged  group w ou ld  have  required  a t least several m ore years of 

calendar tim e to  develop. Baker's favorable reports on the N e w  York T im es 

project, w h ich  involved 83,000 lines of code and  eleven m an-years of effort, 

convinced m an y  com puter professionals of the scalability of the chief 

p rogram m er team  approach. The project w as portrayed  as hav ing  h igh  

p roductiv ity  an d  low  error rates, a lthough  questions later arose about the 

accuracy o f B aker's assessm ent; M ills' system  eventually  p ro v ed  unsatisfactory 

an d  w as rep laced  w ith  a less am bitious system .68 For the tim e being, how ever, 

the N ew  Y ork T im es system  w as considered  to be proof-positive of the efficiency 

of the chief p rog ram m er approach.

67 B.S. Barry and J.J. Naughton, "Chief Programmer Team Operations Description," U.S. 
A ir Force, R eport No. RADC-TR-74-300, v. 10 (of 15), 12-13.
68 Stuart Shapiro, "Splitting the Difference: The Historical Necessity of Synthesis in 
Software Engineering," Annals o f the H istory o f Com puting 19,1 (1997), 25.
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Several objections to  the  chief p rogram m er team  app roach  w ere  raised in  the 

contem porary industry  lite ra tu re , how ever. The first is th a t it w as difficult to find 

individuals w ith  enough  ta len t a n d  energy to fulfill all o f the functions required  

of the chief program m er.69 The few  w ho d id  exist w ere v e ry  expensive, and  w ere 

n o t interested in  w ork ing  on  sm all com puters and  m u n d an e  applications. A 

second problem  w as a perceived  over-dependence on  key ind iv idua ls im plied in 

the  chief program m er team  approach: "W hat happens if [our Superprogram m er] 

snaps up  a m ore lucrative offer elsewhere? H e'll likely take o u r back-up 

program m er w ith  him , leav ing  us h igh-and-dry ."70 A  num ber o f observers 

suggested that the "surg ical team " m odel led to excessive specialization.71 The 

com puter scientist C.A.R. H oare  derided  the sm all-team  ap p ro ach  as a retreat 

tow ards "to the age of the  m aster craftsm an - m ore fashionably  know n as a chief 

program m er." 72 There w ere  w idespread  doubts about the ability  of the small- 

team  approach to scale-up to the needs of large developm ent efforts.

69 Barry Boehm, "Software Engineering," IEEE Transactions on Com puters 25,12 (1976), 
349; Edward Yourdon, ed., Classics in Software Engineering (New York: Yourdon Press, 
1979), 63.
70 J.L. Ogdin, "The mongolian hordes versus superprogrammer," Infosystem s (December 
1973), 23.
71 Daniel Couger and R Zawacki, "What Motivates DP Professionals?," Datamation 24, 9 
(1978), 116-123; Richard Canning, "Issues in Programming Management," EDP A nalyzer 
12,4 (1974), 1-14.
72 Anthony Hoare, "Keynote Address: Software Engineering," 3rd International 
Conference on Sofware Engineering Proceedings (1974), 1-4.
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The m ost revealing criticism s of the chief p rog ram m er team  system , 

how ever, h a d  to do w ith  th e  w ays in  w hich the  presence o f a n  elite 

ad m in is tra to r/p ro g ram m er d isru p ted  existing patterns of m anageria l authority: 

"The CPT [chief p rog ram m er team ] perpetuates the p rim a d o n n a  im age of the 

p rogram m er. Instead of b ring ing  the p rog ram m er into the  organization 's fold, it 

isolates an d  alienates h im  b y  encouraging the p rog ram m er to strive  for a 

superhero  im age."73 The chief p rogram m er team  allow ed for little participation  

by  non-technical adm inistrators. A  1981 textbook on  M anaging Softw are 

D evelopm en t an d M aintenance corrected this perceived over-dependence on  

technical personnel by  p ro p o sin g  a revised chief p rog ram m er team  (RCPT) in  

w hich  "the project leader is v iew ed as a leader ra ther than  a 'su p er

program m er. ' "7i

...whereas the chief p rog ram m er is an  expert p rog ram m er, the project 
leader is an  expert concep tualizes designer, and  pro ject m anager, b u t not 
necessarily a "super-program m er." Because he possesses bo th  project 
m anagem ent and  technical skills and  because his p ro g ram m in g  tasks have 
been  reassigned to o th er team  m em bers, he  is able to d irect, oversee, and  
review  all technical functions.75

The RCPT approach w as clearly  in tended to add ress a concern  faced by  m any  

trad itionally  trained departm ent-level m anagers; nam ely, th a t top  executives had

73 Carma McClure, M anaging Software D evelopm ent and M aintenance (New York: Van 
Nostrand Rheinhold, 1981), 77.
74 Ibid, 77-78.
75 Ibid, 86.
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"abdicated their responsib ility  and  le t the "com puter boys" take o v e r."76 As will 

be show n, it w as th is fear o f the loss of control over valuab le  occupational 

territory that m ost de te rm ined  contem porary  reactions to  p ro p o sed  m anagerial 

solutions to the softw are  crisis.

Computer Programming as a Human Activity

It is clear w hy  the  hierarchical system  of m anagem en t appea led  to traditional

m anagers: by  trea ting  softw are developm ent as ju st an o th e r large-scale

technological m anufactu ring  project, it  posed  no th rea t to  existing relationships

of pow er and  au thority . I t is equally  apparen t w hy  so m an y  elite program m ers

and academ ic com pu ter scientists p referred  the chief p rog ram m er team

approach, w hich positioned  them  a t the h ighest levels o f bo th  the technical an d

m anagerial py ram id . W hat is no t so obvious, how ever, is w hich  o f these two

organizational s truc tu res the average w orking  p ro g ram m er w o u ld  have

supported. N either offered m uch in  term s of professional opportun ity . The

hierarchical m odel unapologetically  a ttem pted  to m ake their w ork  as routine and

m echanical as possible; the  chief p rogram m er team  p ro v id ed  a rea l creative

outlet for a single superp rog ram m er only. For m odera te ly  skilled program m ers

attem pting to estab lish  for them selves a  legitim ate professional iden tity  that

w ould prov ide  th em  w ith  au tonom y and  status, b o th  m odels w ere equally

76 John Golda, "The Effects of Computer Technology on the Traditional Role of 
Management," (MBA thesis, Wharton School, University of Pennsylvania, 1965), 34
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uninviting . W hat w as needed w as an  alternative organizational m odel that 

could sim ultaneously  su p p o rt two seem ingly contradictory agendas: increased 

m anagerial control over the "irrational" p rogram m ing  process, an d  ongoing 

su p p o rt for the independent professional au thority  of p rogram m ers.

In 1969, the program m er and  com puting consultant G erald  W einberg 

published  The P sych ology o f  C om puter Program m ing. The b o o k  claim ed to 

p resen t th e  first detailed em pirical s tudy  of com puter p rogram m ing  as a 

com plex h u m an  activity, and  indeed, a lthough  W einberg w as ne ither a 

psychologist no r ethnographer, his observations appear to be  rem arkably  

accurate an d  insightful.77 A t the very  least his w ork w as w ell received by  

practitioners, whose personal experiences seem  to have resonated  w ith  the 

anecdotes p rov ided  b y  W einberg. The P sych ology o f  C om pu ter P rogram m ing  

has been  w idely  cited as an  accurate descrip tion of w ha t really  w en t on  in  actual 

p rog ram m ing  projects.

W einberg 's book d id  m ore than sim ply describe existing a ttitudes and 

practices, how ever. It also proposed a n ew  m ethod for o rgan iz ing  a nd  m anaging 

team s of softw are developers. The problem  w ith  existing hierarchical m ethods 

of softw are production, according to W einberg, w as tha t they  encouraged 

p rogram m ers to become "detached" from  the social env ironm en t - and  overly

77 At the time, Weinberg was serving as a programming instructor at the Institute for 
Advance Technology at SUNY Binghampton.

134

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



www.manaraa.com

The M ongolian Horde vs. The Superprogram mer 135

possessive o f their softw are. W hen  program m ers invest so m u ch  of them selves 

in  their program s, W einberg suggested, they lose the ability  to evaluate their 

creations objectively. The im m ediate  resu lt w as bad  softw are  — an d  ultim ately a 

software crisis. "Program m ers, if left to their ow n devices, w ill ignore the m ost 

glaring errors in  their o u tp u t — errors th a t anyone else can see in  an  instant."78 

The solution to the crisis p ro v o k ed  by  "property-orien ted" p rogram m ing , argued 

W einberg, w as the adop tion  o f the "egoless p rogram m ing  team ", in  w hich every 

p rogram m er is equal an d  w here  all of the code is "attached" to the team , rather 

th an  to the individual. By open ing  up  the p rogram m ing  process to self-reflection 

and  criticism, the egoless (or adaptive) p rogram m ing m odel w ou ld  increase 

efficiency, elim inate errors, a n d  enhance com m unication — all w ith o u t inhibiting 

the creative abilities of program m ers.

A lthough egoless p rog ram m ing  represented a rela tively  rad ical departure 

from  traditional softw are developm ent m ethodologies, it w as p red icated  on 

fairly conventional notions ab o u t the nature  of p rog ram m ing  ability. There w as 

little doubt, according to W einberg, that the m ajority of peop le  in  program m ing 

w ere "detached" personality  types w ho preferred  to be left to  them selves. This 

tendency tow ards detachm ent w as reinforced ''bo th  by  personal choice and 

because h iring  policies for p rogram m ers are often directed to w ard  finding such

78 Weinberg, The Psychology o f Com puter Programming, 56.
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people ."79 This de tachm en t from  people often  led  p rog ram m ers to become 

excessively attached to th e ir products. The "abom inable p ractice" of attaching 

their nam es to their softw are  (as in  Jules' O w n V ersion of the International 

A lgebraic Language, b e tte r know n  as the JOVIAL p ro g ram m in g  language) 

offered evidence of the p ro g ram m er's  inability to d isassociate them selves from  

their creations.80 This p ro p rie ta ry  sense of "ow nersh ip" o n  the p a rt of the creator 

w as n o t necessarily a n  u n u su a l o r even undesirable tendency  - after all, artists 

"ow ned" paintings, au th o rs  "ow ned  books," an d  architects "ow ned" buildings. 

In  m any  cases these a ttribu tions led to the adm iration  an d  em ulation  of good 

w orkers by  lesser ones. W hat w as different abou t com puter program s, how ever, 

w as th a t they  w ere "o w n ed " exclusively by  their creators. G ood program s, 

unlike good literature, w ere  never read by  anyone o ther th an  the  author. Thus, 

according to W einberg, " th e  adm iration  of ind iv idual p rog ram m ers cannot lead 

to an  em ulation of their w o rk , b u t only to an  affectation of their m annerism s."81 

Junior program m ers w ere  unable to benefit from  the w isdom  an d  experience of

79 Ibid, 53.
80 The JOVIAL programming language was created for the United States Air Force in the 
late 1950s by the System Development Corporation (SDC). As it was to be a variant of 
the International Algebraic Language (eventually renamed ALGOL), it was suggested 
that it be called OVIAL (Our Own Version of the International Algebraic Language). 
Since OVIAL apparently had  "a connotation relative to the birth process that did not 
seem acceptable to some people," the name was soon changed to JOVIAL. It was later 
decided that the "J" in JOVIAL would stand for Jules Schwartz, one of the programmers 
involved in the project. Hence, "Jules' Own Version of the International Algebraic 
Language."
81 Ibid.
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their superiors. The only th ing  available to em ulate w as their m annerism s. The 

resu lt w as the perpetuation  of b a d  w ork  habits an d  p ersonal eccentricities - "the 

sam e phenom enon  w e see in  'a r t  co lon ies/ w here everyone know s h o w  to look 

like a n  artist, b u t few, if any, know  h o w  to pain t like one ."82

W einberg believed that the use  of small, un struc tu red  p rog ram m ing  teams 

an d  regu lar code review s w ou ld  alleviate the p roblem  of p rog ram m er 

"attachm ent." Each of the p rogram m ers in  the group  w o u ld  be responsible for 

read ing  and  review ing all of the  application  code. E rrors th a t w ere identified 

d u rin g  the process w ere sim ply "facts to be exposed to investigation" w ith  an 

eye tow ards fu tu re  im provem ent, ra ther than  personal attacks on  a n  individual 

p rogram m er.83 By restructuring  the  social environm ent of the w orkplace, and 

thereby  restructu ring  the value system  of the p rogram m ers, the ideal of 

"egoless" p rog ram m ing  w ould  be  achieved. The resu lt w ou ld  be a n  academic 

style, "peer rev iew " system  th a t w o u ld  encourage h igh  s tandards, open  

com m unication, an d  ongoing professional developm ent. Junior p rogram m ers 

w ou ld  be exposed to good exam ples of p rogram m ing practice, an d  m ore senior 

developers could  exchange subtle  tricks and  techniques. A  piece of com pleted 

code w ou ld  n o t be considered the  p roduct of an ind iv idua l team  m em ber bu t

82 Ibid.
83 Ibid, 57.
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rather of the  team  as a  whole. The openness of th is process w ou ld  also 

encourage the  developm ent of proper docum entation.

There w ere a  n um ber of other salient features o f the  "egoless" (or adaptive) 

p rogram m ing  team  th a t differed from  conventional team -orien ted  approaches. 

The m ost u nusua l a n d  significant was that all m ajor design  an d  im plem entation 

decisions w ere to be determ ined by consensus, ra th e r th an  decree. There were 

no assigned team  leaders, a t least no t in  the conventional sense. Leadership 

shifted betw een team  m em bers based on the needs o f the m om ent an d  the 

strength  of the ind iv idual team  members (hence the te rm  "adaptive"). For 

exam ple, if a particu lar phase of the project involved a lo t of debugging, one of 

the team  m em bers especially skilled a t debugging  m ig h t assum e the tem porary  

role of team  leader d u rin g  tha t period. Even then, a ll of the im portan t decisions 

w ould  be m ade dem ocratically. W ork was assigned based  on  the strengths -  and  

preferences — of the ind iv idual team  members.

The dem ocratic app roach  to software project m anagem ent offered a num ber 

of advantages, according to W einberg. It encouraged com m unication and  

flexibility. Schedule an d  design changes could be m ore read ily  accom m odated, 

and  resources could  be allocated efficiently. Secondly, the lack of a form al 

hierarchy m ade the adap tive  team  significantly m ore  robust than  m ore 

structured  alternatives. For example, the adaptive  team  could  readily  adjust to
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the add ition  or rem oval of m em bers. The success of the project w ou ld  no  longer 

h inge on  the presence of an y  one particular indiv idual. In a n  e ra  in  w hich the 

perform ance of p rogram m ers w as believed to vary  dram atically  from  

program m er to p rogram m er, an d  w hen tu rnover in  the softw are industry  

averaged u p w ard s of tw enty-five percent annually , th is was an  appealing  

benefit. Last b u t n o t least, the social dynam ics of the  dem ocratically-m anaged 

adap tive  team  appeared  to correspond w ell w ith  the  actual experiences and  

expectations of the average w orking  program m er.84 W einberg p rov ided  a  g rea t 

deal of anecdotal evidence suggesting tha t program m ers w orked  best in  

environm ents in  w hich  they  participated  in  all aspects of project developm ent, 

from  design  to im plem entation  to testing. By elim inating the th ings tha t caused 

p rogram m ers to becom e dissatisfied, tu rnover could  be reduced significantly. 

The adaptive  team  approach  to program m ing, a rgued  W einberg, w as n o t only 

cost-effective and  efficient -  it kep t the p rogram m ers happy. A nd, of course, 

h ap p y  p rogram m ers w ere productive program m ers.

Like the chief p rog ram m er team  and  the hierarchical system  of m anagem ent, 

egoless p rog ram m ing  constitu ted  a solution to a specific conception of the 

burgeon ing  softw are crisis. The advocates of the adaptive  team  approach  shared  

w ith  m any of their contem poraries certain basic assum ptions ab o u t the na tu re  of

84 Ogdin, "The Mongolian Horde versus Superprogrammer," 23.
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program m ing  as a skill a n d  activity: nam ely, tha t p ro g ram m ing  w as an  

essentially creative undertak ing ; that ind iv idua l p rog ram m ers varied  

enorm ously  in  term s o f style and  p roductiv ity ; and  th a t cu rren t p rogram m ing  

practices resem bled craft m ore than  they  d id  science. T hey also believed that, 

despite  these exceptional characteristics, softw are developm en t w as an  activity 

th a t could, to a  certain  extent, be m anaged an d  controlled. W hat w as unusual 

abou t the adaptive team  solu tion  w as the degree to w h ich  is offered com puter 

p rogram m ers a  legitim ate career p a th  an d  a n  attractive professional identity.

In  the hierarchical system  of m anagem ent, p rog ram m ers w ere generally 

regarded  as technicians ra ther than  a professionals. The few  program m ers who 

d id  rise th rough  the h ierarchy  d id  so by  abandoning  th e ir technical interests in 

favor of m anagerial careers. The chief p rog ram m er team  offered sta tus and  

au tho rity  only to a sm all corps of elite "superp rog ram m ers."  All b u t the m ost 

talen ted  individuals se rv ed  as m uch less priv ileged  su p p o rt personnel. As will 

be seen, m any p rog ram m ers w ere extrem ely concerned w ith  issues of 

professional developm ent, b o th  as they re la ted  to them selves as ind iv iduals and 

to their larger d iscip linary  com m unity. The journal articles, job advertisem ents, 

an d  letters to the ed ito r from  this period  show  that m any  p rog ram m ers w ere 

w orried  about becom ing "dead-ended" in  p u re ly  technical positions.
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H ierarchical organizations an d  chief p rog ram m er team s d id  n o t offer them  an  

attractive m odel o f professionalization.

The adap tive  team  approach, in  com parison, offered prom ising career 

opportun ities to w ide range of software w orkers. The goal of the adap tive  team  

w as to foster a  "fam ily" atm osphere in  w hich  every m em ber's contributions 

w ere im portan t. Team  m em bers were any th ing  b u t interchangeable units. 

P rogram m ers could  cultivate their technical skills and  advance their careers 

w ith o u t feeling pressure to transfer into adm inistration. As one know ledgeable 

observer suggested , in  the adaptive team  approach  "a good program m er does 

n o t g e t fu rther an d  further aw ay  from  program m ers, as occurs in  a hierarchical 

struc tu re  w hen  he m oves up  the m anagem ent ladder. Instead, he stays w ith  

p rog ram m ing  an d  gravitates tow ard w h a t he does best."85

Ju dg ing  from  the response it received in  the industry  literature, The 

P sych o logy o f  C om puter Program m ing  appealed  to a  b road  popu lar audience.86 

W einberg 's anecdotes about the real-life w ork  habits of program m ers rang  true 

to m any  practitioners. H is descriptions of the  m ischievous p ranks tha t 

p rog ram m ers p layed  on their m anagers, for exam ple, or of the social significance 

of a strategically  located Coca Cola dispenser, cap tu red  for m any  of his readers 

the essential character of the program m ing profession. The book has rem ained

85 Richard Canning, "Issues in Programming Management," EDP A nalyzer12,4 (1974), 6
86 .J. Hirschfelder, Com puting Reviews (1999).
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in  continuous publication  since 1969, and w as recently celebrated  by  the industry  

journal D atam ation  as "the  best book on com puter p rog ram m ing  ever w ritten."87 

W einberg p resen ted  a rom antic  portrayal of softw are developm ent tha t 

em phasized  the qu ie t professionalism  of skilled, dedicated  program m er- 

craftsm en. O f the m any  m odels for "software engineering" th a t w ere suggested 

in  the late 1960s a n d  early  1970s, the "egoless" p rogram m er w as by  far the m ost 

attractive to  the average practitioner.

The popu larity  of egoless program m ing extended beyond  the com m unity of 

practitioners, how ever. W einberg 's theories about the efficiency of sm all 

"fam ily" w ork-groups and  "bottom -up" consensus decision-m aking resonated 

w ith  certain  p o p u lar contem porary  m anagem ent theories. In  1971, A ntony Jay's 

C orporation  M an p ro v id ed  an  ethological analysis of "tribal behavior" in 

m o d em  corporations tha t reinforced W einberg's conclusion th a t six to ten 

m em ber team s w ere a "natu ra l"  organizational unit.88 D ouglas M acG regor's The 

H um an S ide o f  E n terprise  (1960) discrim inated betw een the Theory X approach 

to m anagem ent, w hich  assum ed that because of their innate  d istaste for 

reg im ented  labor, m ost em ployees m ust be controlled an d  th rea tened  before they 

w ou ld  w ork  h a rd  enough , an d  the Theory Y belief th a t the expenditu re  of 

physical and  m ental effort in  w ork  is as natural as p lay  or rest, and  tha t the

87 Datamation review cited on www.geraldweinberg.com.
88 Antony Jay, Corporation Man (New York: Random House, 1971)
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average m an  learns, u n d e r p ro p e r conditions, n o t only to accept b u t  to seek 

responsibility .89 For the supporte rs  of Theory Y m anagem ent, W einberg 's 

adap tive  team  represen ted  a n  exem plary  m odel of the partic ipative problem  

solving approach .90

The concept of egoless p rog ram m ing  w as rare ly  adop ted  in  to to , how ever.

In  later descrip tions of the chief p rog ram m ing  team , Baker an d  Mills claim ed 

th a t their system  represen ted  a form  of egoless p rogram m ing , in  the sense that 

the code p ro d u ced  b y  the chief p rogram m er w as open for inspection by  o ther 

m em bers o f the surgical team .91 In  this case, the  adaptive team  term inology 

seem s to  have been  adop ted  for public  relations purposes only. The w hole point 

of the  chief p rogram m ing  team  w as to consolidate all aspects of design  and  

im plem entation  into the hands of a single "superp rog ram m er."  It w ou ld  have 

been  im possible to m aintain  the level of "architectural in teg rity" desired  by  

Brooks if the  chief p rogram m er w ere  no t heavily  invested in  his ow n individual 

conceptual structure.

Indeed , by  the  m iddle of the 1970s the language of egoless p rogram m ing  

appears to have been  alm ost en tirely  transform ed and  co-opted  b y  conventional

89 Douglas MacGregor, The Human Side o f Enterprise (New York, McGraw-Hill, 1960)
90 Ogdin, "The Mongolian Horde versus Superprogrammer," 23.
91 F. Terry Baker and Harlan Mills, "Chief Programmer Teams." In m any of the later 
management-oriented texts, "egoless" programming meant that programmers should 
not be defensive about code-reviews, task assignments, and other management imposed 
structures.
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m anagers. These m anagers p icked  up  o n  the  idea th a t requ iring  program m ers to 

develop open, non-proprie ty  code allow ed for increased adm inistrative 

oversight. To them , egoless p ro g ram m in g  m ean t th a t "all p rogram m ers were to 

adhere  to ru les th a t w ould  m ake their p ro d u cts  understandab le  to others and 

m ake the ind iv idua l p rogram m er rep laceable."92 W einberg 's orig inal in tention 

th a t egoless p rog ram m ing  w o u ld  enable p rogram m ers to develop as 

au tonom ous professionals appears  to have gone en tirely  by  the w ayside. One 

m anagem ent consu ltan t rem inded  his audience th a t m anagers shou ld  "stress the 

nonpunitive  n a tu re  of the n ew  approaches. Egoless p rog ram m ing  is designed to 

help  the p rogram m er, no t p o in t o u t his faults..."93 The not-so-subtle subtext of 

th is rem inder is th a t by this p e rio d  egoless p rog ram m ing  h ad  acquired  a 

repu ta tion  for be ing  w orker-hostile  m anagem ent jargon.

A lthough  The P sych ology o f  C om pu ter P rogram m ing received, a great deal 

of popu lar a tten tion  for its descrip tive verisim ilitude, it w as less successful in its 

p rescrip tive capacity. W einberg 's recom m endations do  no t appear to have been 

taken  seriously by  m any academ ic or industry  leaders. It m ay be th a t his 

adap tive  team s d id  no t scale w ell to  large developm ent efforts, an d  w ere used in 

n o th ing  b u t sm all local projects. They m ay  have p ro v en  inefficient or difficult to

92 Bo Sanden, "Programming masters break out of the managerial mold," 
C om puterworld (June 16,1986).
93 Henry S. Lucas, "On the failure to implement structured programming and other 
techniques," chap. in Proceedings o f1975ACM  Annual Conference (New York: 
Association for Computing Machinery, 1975)
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im plem ent, a lthough  there is evidence tha t the use o f inform al, unstructu red  

program m ing  team s w as standard  practice in  the industry . A t least one au tho r 

rejected the adap tive  team  approach because it failed to provide adequate 

m echanism s for form al m anagerial control.94 It seem s likely that this last 

objection w as w h a t ultim ately proved  fatal to W einberg 's proposal. The 

adap tive  team  approach  reinforced the notion  th a t p rogram m ers were 

independen t professionals. It shifted organizational contro l and  au thority  aw ay 

from  m anagers. It ceded valuable occupational te rrito ry  to a group w hose 

institu tional pow er-base h ad  not yet been firm ly established. W einberg's 

adaptive  team s w ere unappealing to everyone b u t p rogram m ers, and  

program m ers d id  n o t have the leverage to p u sh  th ro u g h  such an  unpopu lar 

agenda.

III. Programmers, Evolution, and the Struggle for Occupational Territory

There are several possible interpretations of the dram atic  tu rn  tow ards 

m anagerial solutions to the software crisis that occurred  in  the late 1960s. The 

conventional w isdom  espoused in m ost softw are engineering textbooks (and in 

the very  few  historical treatm ents of this era) is th a t this sea-change w as driven  

solely by  an  econom ic imperative. In  the in ternal language of the discipline, an  

"inversion in  the hardw are-softw are cost ratio cu rve" occurred in the mid-1960s

94 McClure, M anaging Software D evelopm ent and M aintenance, 74-75
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that clearly dem anded  a  m anagerial response.95 P u t m ore sim ply, the  cost of the 

actual com puters w en t d o w n  a t the sam e time th a t the cost of u sing  them  

(developing and  m ain tain ing  software) w ent up . By the m idd le  of the  decade 

the expenses associated w ith  com m ercial data  processing w ere dom inated  by  

softw are m aintenance an d  program m er labor ra ther than  equ ipm en t purchases. 

A nd since the m anagem ent of labor fell under the  trad itional dom ain  of the 

m iddle-level m anager, these m anagers quickly developed a deep  in terest in the 

art of com puter program m ing . A ccording to this reductionist econom ic 

in terpretation , the struc tu re  of the technology a n d  the econom y com pletely 

determ ined  the course of future developm ents; the  softw are crisis w as (and is) as 

inevitable and  uncom plicated as that.

A n alternative explanation  for these developm ents has been  p rov ided  by  the 

labor h istorians Philip K raft an d  Joan G reenbaum . Building on  the w o rk  of 

H arry  Braverm an an d  D avid Noble, Kraft and  G reenbaum  situate  the h istory  of 

p rogram m ing  in one of the g rand  conceptual structures of labor history: the 

ongoing struggle betw een  labor and  the forces o f capital. In  L abor a n d  

M on opoly C apital: The D egradation o f  W ork in  th e T w entieth  C entury, 

B raverm an argued th a t the basic social function of engineers a n d  m anagers was

95 Barry Boehm, "Software and Its Impact: A Quantitative Assessment," Datamation 19,5 
(1973). See also Michael Mahoney, "Software: the self-programming machine," to 
appear in  Creating M odem  Computing, ed. A. Akera and F. Nebeker, (New York: 
Oxford U.P, forthcoming).
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to oversee the fragm entation, routin ization , a n d  m echanization of labor.

C loaked in  the language of progress and  efficiency, the process of rou tin iza tion  

w as characterized p rim arily  as a  m eans of d isciplining an d  controlling a 

recalcitrant w ork  force. The u ltim ate resu lt w as the deskilling and deg radation  

of the w orker. In  his 1977 book P rogram m ers a n d  M anagers: The R ou tin iza tion  

o f  C om pu ter P rogram m ing in  th e U n ited S tates, K raft described a sim ilar process 

a t w ork  in  the com puter industry:

Program m ers, system s analysts, an d  o ther softw are w orkers are 
experiencing efforts to b reak  dow n, sim plify, routin ize, and s tandard ize  
their ow n w ork  so that it, too, can be done by  m achines rather than  
people...E laborate  efforts are  being m ade to develop ways of g radually  
elim inating program m ers, o r a t least reduce their average skill levels, 
required  training, experience, and  so o n .. .M ost of the people th a t w e call 
program m ers, in  short, have been  relegated  largely  to subsidiary and  
subordinate roles in the p roduction  p rocess... W hile a few of them  sit a t 
the side of m anagers, counseling a nd  p rov id ing  expert's advice, m ost 
sim ply carry o u t w hat som eone else has assigned them .96

K raft suggested tha t m anagers have generally  been  successful in  im posing  

structures on  program m ers that have elim inated their creativity and  au tonom y. 

H is analysis w as rem arkably com prehensive, covering such  issues as tra in ing  

an d  education, structured  p rogram m ing  techniques ("the software m anager's  

answ er to  the conveyor belt"), the social o rganization  of the w orkplace (aim ed a t 

reinforcing the fragm entation betw een  "head" p lann ing  and  "hand" labor), and  

careers, pay , and  professionalism  (encouraged b y  m anagers as a m eans of

96 Kraft, Programmers and Managers, 26-28.
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discouraging unions). Joan G reenbaum  follow ed Kraft's conclusions and  

m ethodology closely in  her 1979 In the N am e o f  E fficiency: M anagem ent Theory 

an d  Shop floor P ractice in  D ata-P rocessing W ork. More recently, she has 

defended  their application of the  B raverm ent deskilling hypothesis: "If w e strip 

aw ay  the spin  w ords used  today  like 'know ledge ' w orker, 'flexible' w ork, and  

'h ig h  tech ' w ork, an d  if w e insert the w o rd  'inform ation system ' for 'm achinery,' 

w e are  still talking abou t m anagem ent attem pts to control and  coordinate labor 

p rocesses."97

There is validity  to bo th  in terpretations of the  changing a ttitude  of m anagers 

tow ards p rogram m ers tha t occurred  in  the late 1960s. C ertainly there w ere 

num erous technical innovations in  bo th  h a rd w are  and softw are th a t p rom pted  

m anagerial responses. It is true  th a t m any  of the larger softw are developm ent 

projects in  this period  d id  ru n  over b udge t an d  fall behind schedule. The cost of 

softw are developm ent relative to hardw are  purchases d id  continue to climb, and 

the labor cost of p rogram m ing  d id  becom e a serious bu rden  to m any  

m anufacturers and  users. It is also true th a t som e m anagers w ere interested, as 

K raft an d  G reenbaum  argue, in  creating "softw are factories" w here  deskilled 

p rogram m ers cranked o u t m ass-produced  p roducts that requ ired  little thought

97 Joan Greenbaum, "On twenty-five years with Braverman's 'Labor and Monopoly 
Capital.' (Or, how did control and coordination of labor get into the software so 
quickly?)," M onthly R eview 50, 8 (1999)
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o r creativ ity .98 O ne 1969 guidebook  for m anagers cap tu red  the essence of th is 

adversaria l app roach  to p rogram m er m anagem ent:

C an w e m ake a final sta tem ent tha t describes the successful com puter 
m anager? We shall try. He is one w hose grasp  of the job is reflected in  
sim ple w o rk  units th a t are in  the h an d  of sim ple program m ers; no t one 
w ho, w ith  control lost, is held  in  con tem pt b y  clever p rogram m ers 
dangerously  m aintain ing control o n  his behalf.99

A n  uncritical reading of th is an d  o ther sim ilar m anagem ent perspectives on  

the process of softw are developm ent, w ith  their confident claims about the value 

an d  efficacy of various perform ance m etrics, developm ent m ethodologies, an d  

p rog ram m ing  languages, m igh t suggest th a t K raft and  G reebaum  are correct in  

their assessm ents. In  fact, m any  of these m ethodologies do indeed  represent 

"elaborate efforts" tha t "are being  m ade to develop w ays of gradually  

e lim inating program m ers, or a t least reduce their average skill levels, required  

training, experience, and  so o n ." 100 Their au thors w ou ld  be the first to ad m it it. 

A  m ore critical read ing  of this literature, how ever, suggests th a t the claims of 

m any  m anagem ent theorists represen t im agined  ideals m ore th an  current reality.

98 See Douglas Mcllroy on "'Mass produced' Software Components" in Naur, et al., 
Software Engineering. The Systems Development Corporation referred to their in-house 
programming methodology as the "Software Factory."
99 Rothery, Installing and M anaging a Computer, 152. Compare this w ith the famous 
statement of Frederick W. Taylor: "Each man m ust learn how to give up his own 
particular way of doing things, adapt his methods to the many new standards and grow 
accustomed to receiving and obeying directions covering details, large and small, which 
in the past have been left to his individual judgement." See Taylor, Principles o f 
Scientific M anagement, 113.
100 Kraft, Program m ers and Managers, 26.
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W riting in  1971, the occupational sociologist Enid M um ford actually  lau d ed  data  

processing as a n  "area w here the ph ilosophy  of job reducers a n d  job sim plifiers - 

the follow ers o f Taylor - has n o t been  accep ted ."101 A quarter cen tu ry  after the 

G arm isch conference, a Scien tific A m erican  review er still com plained  th a t "The 

vast m ajority  o f com puter code is still handcrafted  from  raw  p ro g ram m in g  

languages b y  artisans using  techniques they  neither m easure n o r  a re  able to 

repeat consisten tly"102 The w idely  he ld  perception  that, "Excellent developers, 

like excellent m usicians and  artists, are  b o m , not m ade," h a rd ly  su p p o rts  the 

conclusion th a t com puter p rogram m ers w ere  degraded  and  ro u tin ized  

laborers.103

The fact th a t the softw are crisis has surv ived  a half-century of supposed  

"silver bu lle t"  solutions suggests th a t K raft m ay have overlooked a crucial 

com ponent of this history. W hat is m issing from his analysis is th e  perspective 

on  the so ftw are  labor process p rov ided  b y  the m any com panies w ho  recognized 

tha t com pu ter p rogram m ing  w as, a t least to a certain extent, a creative and  

in tellectually  dem and ing  occupation, an d  w ho, in their m anagem en t of softw are 

personnel stressed  "the im portance of a  judicious balance be tw een  control and

101 Enid Mumford, Job Satisfaction: A  stu d y  o f com puter specialists (London: Longman 
Group Limited, 1972), 175.
102 W. Gibbs, "Software’s Chronic Crisis," Scientific American, September 1994
103 Bruce Webster, "The Real Software Crisis," Byte M agazine 21,1 (1996)
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ind iv idua l freedom ."104 K raft im plied  th a t m ost corporations a d o p ted  a 

h ierarchical system  of m anagem ent a im ed a t e lim inating w orker au tonom y. H e 

ignored  the m any  alternative m ethodologies th a t w ere p roposed  an d  ad o p ted  in  

th is period . Like his m entors B raverm an and  N oble, he overem phasized  the 

w illingness and  ability of the m anagerial "class," w hich  he trea ts as a  m onolithic 

an d  hom ogenous category, ra ther th an  as the d iverse g roup o f ind iv iduals 

opera ting  in  very  different social, political, and  technical env ironm ents, to 

im pose unilaterally  their "rou tin iza tion" agenda o n  the p ro g ram m ing  labor 

force. M any program m ers w ere skilled  w orkers w ho v igorously  p u rsu ed  their 

ow n  professional advancem ent; it is clear tha t th ey  w ere active partic ipan ts in  

the struggle  to develop the discipline of softw are engineering.

A  m ore nuanced  read ing  of the  contem porary  industry  lite ra tu re  suggests 

tha t the key to u n ders tand ing  the m anagerial response to the  softw are crisis has 

less to  do  w ith  econom ic im peratives or dialectical m aterialism  th an  w ith  w h a t 

the sociologist A ndrew  A bbott has described as th e  "jurisdictional struggles" 

th a t occur am ong g roups of professionals strugg ling  for contro l over a  particu lar 

occupational territory . In  The S ystem s o f  P rofessions: A n E ssay on th e D ivision  

o f  E xpert Labor, A bbott p rov ides an  "ecological" m odel for u n d e rs tan d in g  

professional change an d  developm ent. His m odel can be sum m arized  briefly as

104 Robert Head, "Controlling Programming Costs," Datamation 13, 7 (1967), 141
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follows: 1) professions g row  w hen  occupational niches becom e available to them ; 

they  change w hen  their particular te rrito ry  becom es threatened; 2) the  key events 

in  professional developm ent are struggles over jurisdictions; key environm ental 

changes involve the creation or abolition  of jurisdictions; 3) professional struggle 

occurs a t three levels: the workplace, cu ltu re  and  public opinion, an d  legal and  

adm inistrative rules. These levels are loosely coupled. M ost shifts in  jurisdiction 

s ta rt in  the  workplace, m ove to public opinion, and  m ay end  up  in  the  legal 

sphere. 5) The m ost consequential s truggles are over competence an d  theory  - 

the core jurisdiction. Increasing abstractions allow s for professional expansion, 

b u t over abstraction can dilute the core ju risd ic tion .105

M y argum ent is tha t this is just one of these jurisdictional struggles occurred 

on  com m ercial com puting in the late 1960s. The continued persistence of a 

"softw are crisis" m entality  am ong industria l and  governm ent m anagers, as w ell 

as the  seem ingly unrelenting quest of these m anagers to develop a softw are 

developm ent m ethodology that w ould  finally elim inate corporate dependence 

on  the craft know ledge of indiv idual p rogram m ers, can best be understood  in 

tigh t of a  struggle over w orkplace au tho rity  tha t took shape in  the early  decades 

o f com puting. In the 1950s and  1960s the electronic digital com puter w as

105 Andrew Abbott, The System s o f Professions: An Essay on the D ivision o f Expert 
Labor (Chicago: University of Chicago Press, 1988). My summary of Abbott borrows 
heavily from Paul DiMaggio's review in the American Journal o f S ocio logy^ , 2. (Sep., 
1989), 534-535.
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in troduced  into the well-established technical and  social system s of the m o d em  

business organization. As this technology becam e an  increasingly im p o rtan t tool 

for corporate  control and  com m unication, existing netw orks of pow er an d  

au tho rity  w ere uncom fortably d isrup ted . The conflicting needs and  agendas of 

users, m anufacturers, m anagers, and  p rog ram m ers all becam e w rapped  u p  in  

h igh ly  public  struggle for control over the  occupational territo ry  opened  u p  by  

the technology of com puting.

A New Theocracy or Industrial Carpetbaggers?

Prior to the invention of the electronic d ig ital com puter, inform ation 

processing in  the corporation had  largely  been  hand led  by  conventional clerical 

staffs and  trad itional office m anagers. There h ad  been attem pts by  asp iring  

"system s m anagers" to leverage expertise in  the technical an d  bureaucratic 

aspects of adm inistration  into a b roader claim  to au tho rity  over the design  of 

elaborate custom  inform ation processing sy stem s.106 In certain  cases, strong- 

w illed  executives w ere able to use inform ation  technology to consolidate control 

over lower-levels of the organizational h ierarchy. For the m ost part, how ever, the

106 Tom Haigh, "From Office Manager to Chief Information Officer: Managing 
Information Processing in American Corporations, 1917-1990." Dissertation, University 
of Pennsylvania.
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use of such  technologies d id  n o t contribute to the rise of a class of technical 

professionals capable of challenging the  pow er of trad itional m anagem en t.107

As m ore and  m ore corporations b eg an  to in tegrate  electronic com puters into 

their da ta  processing operations, how ever, it  becam e increasingly clear tha t this 

new  technology threatened the stability of the  established m anagerial hierarchy. 

Early com m ercial com puters w ere large, expensive, an d  com plex technologies 

tha t requ ired  a  high-level of technical com petence to operate  effectively. M any 

non-technical m anagers w ho had  ad ap ted  readily  to o ther innovations in  office 

technology such  as com plicated filing system s and  tabu lating  m achinery, w ere 

in tim idated  b y  com puters — and  by  com pu ter specialists. The high-tech appeal 

of electronic com puting appealed  to u p p e r  m anagem ent, b u t few  executives had  

any idea h o w  to integrate this novel technology effectively into their existing 

social, political, and  technological netw orks. M any o f them  g ran ted  their 

com puter specialists an  unprecedented  degree of independence and  authority .

The rising  pow er of EDP professionals d id  n o t go unnoticed  by  other 

m iddle-level m anagers. In a 1967 essay on  "The Im pact of Inform ation 

Technology on  O rganizational C ontrol," m anagem ent consultan t Thom as 

W hisler w a rn ed  his colleagues "it seem s m ost unlikely  th a t one can continue to 

ho ld  title to  the  com puter w ithou t assum ing  an d  using  the effective pow er it

107 JoAnne Yates, Control Through Communication: The Rise o f System  in American 
M anagem ent (Baltimore: Johns Hopkins University Press, 1989).
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con fe rs."108 A decade earlier, W hisler a n d  his colleague H aro ld  Leavitt had  

coined the term  "inform ation  technology," an d  h ad  p red ic ted  th a t w ith in  thirty 

years the com bination o f m anagem ent science and  inform ation  technology 

w o u ld  decim ate the ran k s of m iddle m anagem ent an d  lead  to the centralization 

o f m anagerial control.109 H is 1967 article suggested  th a t EDP specialists were the 

d irec t beneficiaries of such  centralization, w hich  occurred  a t the expense of 

trad itiona l m anagers. H e quo ted  one insurance executive w ho claim ed that 

"T here has actually been  a lateral shift to the EDP m anager of decision-m aking 

from  o ther departm en t m anagers w hose departm ents have been  com puterized.'" 

A no ther m anager com plained  about the relative decline of m anagerial 

com petence in  relationship  to com puter expertise:

The supervisor...has been  replaced as the person  w ith  superio r technical 
know ledge to w hom  the subord inates can tu rn  for help. This aspect of 
supervision has been  transferred , a t least tem porarily , to the EDP m anager 
an d  p rogram m ers or system s designers involved w ith  the 
program m ing ...underneath , the fo rw ard  p lann ing  function  of alm ost all 
departm en t m anagers has transferred  to the EDP m anager.110

Inform ation technology, argued  W hisler, " tends to sh ift an d  scram ble the 

p ow er structure of o rgan izations... The decision to locate com puter

108 Thomas Whisler, "The Impact of Information Technology on Organizational Control," 
in  The Im pact o f Com puters on M anagement, Charles Myers (Ed.) (Cambridge, MA: 
MIT Press, 1967), 44.
109 Harold Leavitt and Thomas Whisler, "Management in the 1980's," H arvard 
M anagem ent R eview  36, 6 (1958).
110 Whisler, "The Impact of Information Technology on Organizational Control."
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responsibility  in  a  specific p a rt o f a n  organization has strong  im plications for the 

relative au tho rity  and control th a t segm ent will subsequently  achieve."111

W hisler w as hard ly  alone in  his assessm ent of the im pend ing  danger of an 

organizational pow er shift. In  h e r  1971 book, H ow  C om puters A ffec t 

M anagem ent, Rosem ary S tew art described how  com puter specialists m obilized 

the m ystery  of their technology to "im pinge directly on  a  m anager's job and  be a 

th rea t to h is security or status." 112 In  his 1969 C om puter C an 't S o lve  E veryth ing, 

Thom as A lexander em phasized the cu ltu ral differences th a t existed  betw een  

"com puter people" and business m anagers: "M anagers... are typically  o lder and 

tend  to regard  com puter people e ither as mere technicians or as th rea ts  to their 

position an d  status - in either case they  resist their presence in  the halls of 

p o w e r."113 A uthors Porat and  V aughan  listed several deprecating  titles that 

m anagers u sed  to describe their u p sta rt rivals, including "the n ew  theocracy," 

"prim a donnas," "the new  breed," "industrial carpetbaggers" an d  "o ther sim ilarly 

unflattering  titles ."114

It is n o t difficult to u n ders tand  w h y  m any m anagers cam e to fear an d  dislike 

com puter program m ers and  o ther softw are specialists. In  a dd ition  to the usual

111 Ibid.
112 Rosemary Stewart, H ow Com puters A ffect M anagement (Cambridge, MA: MIT Press, 
1971), 196.
113 T. Alexander, "Computers Can't Solve Everything," Fortune (October, 1969), 169.
114 Avner Porat and James Vaughan, "Computer Personnel: The New Theocracy - or 
Industrial Carpetbaggers," PersonnelJournal48, 6 (1968), 540-543.
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suspicion  w ith  w hich  established professionals generally  regarded  unsolicited 

changes in  the s ta tu s quo, m anagers h a d  particu lar reasons to resent EDP 

departm en ts. The unpreceden ted  degree of au tonom y th a t corporate executives 

g ran ted  to "com puter people" seem ed a  deliberate affront to the local au tho rity  

o f departm en ta l m anagers. "All too o ften  m anagem ent adop ts an  a ttitude  of 

b lind  faith  (or a t least hope) tow ard  decisions o f p rogram m ers,"  com plained one 

m anagem ent-orien ted  com puter "textbook." As a resu lt of the "inability  o r 

unw illingness of top  m anagem ent to clearly define the objectives of the  com puter 

d ep artm en t and  how  it w ill be u tilized  to the benefit of the rest of the 

organization ," m any  operational m anagers "expect the w orse and , therefore, 

beg in  to react defensively to the possibility  of change."115 The adop tion  of 

com puter technology threatened  to b ring  abou t a revo lu tion  in  organizational 

s truc tu re  th a t carried  w ith  it tangible im plications for the au thority  of m anagers: 

"W hat has no t been  predicted , to any  large degree, is the extent to w hich political 

p ow er w ou ld  be ob tained  by  this EDP group . Top m anagem en t.. .have 

abd icated  their responsibility  and  let the 'com puter boys' take o v e r."116

There w ere o ther reasons w hy  trad itional m anagers felt th reatened  by  

com puters and  com puter specialists. The continuous gap betw een the dem and

115 Ibid, 542.
116 Golda, "The Effects of Computer Technology on the Traditional Role of 
Management," 34.

157

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



www.manaraa.com

158 From "Black Art" to Industrial D iscipline

an d  su p p ly  of qualified com puter p e rsonnel h ad  in  recent years p u sh ed  u p  their 

salary  level faster th an  those of o ther professionals a n d  m anagers. It also 

p ro v id ed  them  w ith  considerable opportun ities for horizon tal m obility, e ither in 

p u rsu it o f h igher salaries or m ore challenging  positions. These opportun ities 

w ere  often  resen ted  by  other, less m obile em ployees. In  the eyes of m any  non

technical m anagers, the personnel m ore closely identified w ith  the digital 

com pu ter "have been  the m ost a rrogan t in  their w illful d isregard  of the  na tu re  of 

the m anager's  job. These technicians have  clothed them selves in  the garb  of the 

arcane w herever they  could do so, thus alienating  those w hom  they  w ou ld  

serve."117 D eserved or o therw ise, com pu ter p rogram m ers developed  a repu ta tion  

for be ing  flighty, disloyal, and  arrogant.

The “Cosa Nostra” o f Data Processing

There is no d o u b t tha t by  the end  of the  decade trad itional corporate 

m anagers w ere extrem ely aw are of the po ten tia l th rea t to their occupational 

te rrito ry  posed  by  the rise of com puter professionals. As M ichael Rose described 

it in  h is 1969 book C om puters, M anagers, a n d  S ociety,

[Local departm en tal m anagers] obviously  tend  to resist the change. For a 
s ta rt, it th reatens to transform  the concern as they  know  and  like it...A t the 
sam e tim e the local's unfam iliarity  w ith  an d  suspicion  of theoretical 
no tions leave h im  ill-equipped to apprecia te  the rationale and  benefits of

117 Datamation Editorial, "The Thoughtless Information Technologist," Datamation 12, 8 
(1966).
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com puterization. It all sounds like dangerously  far-fetched nonsense 
divorced from  the w ork ing  w orld  as he understands it. H e is hard ly  likely 
to h it it off w ith  the com puter experts w ho arrive to  p rocure  the 
organizational transform ation. G enuine skepticism  of the  relevance of the 
m achine, reinforced by  em otional factors, will drive  h im  tow ards non
cooperation.118

In  response to this perceived challenge to their au thority , m anagers 

developed a num ber of inter-related responses in tended to  restore them  to their 

p ro p er role in  the  organizational hierarchy. The first w as to define p rogram m ing  

as an  activity, an d  by  definition program m ers as professionals, in  such  a w ay  as 

to assign it and  them  a subord inate  role as m ere technicians o r service staff 

w orkers. I have already described some of the ways in  w h ich  the rhetoric of 

m anagem ent literature reinforced the notion that com puter specialists w ere self- 

in terested, narrow  technicians rather than  future-m inded, bottom -line-oriented 

good  corporate citizens. "People close to the m achine can also lose perspective," 

a rgued  one com puter p rogram m ing  "textbook" for m anagers. "Som e of the m ost 

enthusiastic have an  unfortunate  knack of behaving as if the  com puter were a 

toy. The te rm 'ad d ic tiv e 'co m es to m ind ..."119 M anagers em phasized  the 

youthfulness an d  inexperience of m ost program m ers. The results of early 

ap titude  tests and  personality  profiles -  those tha t em phasized  their "dislike for 

peop le" and "preference fo r...risky  activities" — w ere w idely  cited as exam ples of

118 Michael Rose, Computers, Managers, and Society (Harmonds worth: Penguin, 1969), 
207.
119 Michael Barnett, Com puter Programming in English (New York: Harcourt, Brace & 
World, 1969), 5.
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the " im m atu rity"  of the com puter professions. In  fact, one of the earliest and 

m ost w idely  cited  psychological profiles of p rogram m ers suggested  tha t there 

w as a negative correlation betw een p rogram m ing  ability and  in terpersonal skills. 

120 The percep tion  th a t com puter program m ers w ere particu larly  anti-social, 

th a t they  "preferred  to w ork  w ith  things ra ther than  people," reinforced the 

no tion  th a t p rogram m ing  w as an  inherently  so litary  activity, ill su ited  to 

trad itional form s of corporate organization an d  m anagem ent.

A nother com m on strategy for deprecating  com puter professionals w as to 

challenge their technical m onopoly directly. If w ork ing  w ith  com puters w as in 

fact n o t all th a t difficult, then  dedicated p rogram m ing  staffs w ere superfluous. 

O ne of the alleged advantages of the COBOL program m ing  language frequently 

tou ted  in  the literature w as its ability to be read , understood  -  and  perhaps even 

w ritten  -  by  inform ed m anagers .121 The com bination of new  program m ing  

technology an d  stricter adm inistrative controls p rom ised  to elim inate 

m anagem ent's dangerous dependency on  ind iv idual program m ers: "The 

problem s of finding  personnel a t a reasonable price, and  the problem  of control, 

are b o th  solved by  good standards. If you  have a set o f w ell-defined standards 

you  do  n o t need  clever program m ers, no r m u st you  find yourself depend ing  on

120 Dallis Perry and William Cannon, "Vocational Interests of Computer Programmers," 
Journal o£A pplied Psychology51,1 (1967).
121 Robert Gordon - "Personnel Selection" in Fred Gruenberger and Stanley Naftaly, 
eds., Data Processing.Practically Speaking (Los Angeles: Data Processing Digest, 1967), 
85.
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them ."122 A t the very  least, m anagers could learn enough  ab o u t com puters to 

avo id  being  d u ped  by  the "garb  o f the  arcane" in  w hich  m any  program m ers 

frequen tly  clothed them selves.123 A t W est Point, cadets w ere tau g h t enough 

abou t com puters to p reven t th em  from  "being a t the m ercy of com puters and 

com pu ter specialists...w e w a n t them  to be confident th a t they  can  properly  

contro l an d  supervise these p o te n t n ew  tools and  evaluate  the significance of 

resu lts p roduced  by  them ." 124

The idea th a t the so-called "softw are  crisis" could  largely be a ttribu ted  to 

m ism anagem ent by  technicians served  a dual-purpose for trad itional m iddle- 

level m anagers. First of all, it p laced  them  solidly in  the role of corporate 

cham pion. M any of the m ost p ro m in en t software engineering m ethodologies 

developed  in  the im m ediate post-G arm isch conference e ra  w ere m anagem ent- 

re la ted  o r -d riven . Secondly, this particu lar construction of the softw are crisis 

p ro v id ed  an  unflattering  im age of the com puter specialists vis-a-vis 

m anagem ent. By represen ting  program m ers as short-sighted , self-serving 

technicians, m anagers reinforced the  notion that they  w ere ill-equipped to 

hand le  "big  picture," m ission-critical responsibilities. A fter all, according to the 

M cK insey reports, "O nly m anagers can  m anage the com puter in  the  best

122 Rothery, Installing and M anaging a Computer, 83.
123 Datamation Editorial, "The Thoughtless Information Technologist," Datamation 12,8 
(1966), 21-22.
124 Ibid.
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interests of the  business."125 A nd  n o t just any  m anagers w o u ld  do: only  those 

m anagers w ho  h ad  trad itional business train ing and  experience w ere acceptable, 

since "m anagers prom oted  from  the program m ing  an d  analysis ranks are 

singularly  ill-adapted  for m anagem en t."126

Experienced m anagers stressed  the critical differences betw een  "real-w orld 

problem s" a n d  "EDP's version  o f real-w orld p ro b lem ."127 The assum ptions 

abou t p rogram m ers em bedded  in  the  infam ous M cKinsey reports  -  th a t they 

w ere narrow ly-technical, inexperienced, and  "poorly  qualified  to set the course 

of corporate com puter effort" — resonated  w ith  m any corpora te  m an ag ers .128 

They p ro v id ed  a convenient explanation  for the burgeon ing  softw are crisis. 

M anagers, h a d  in  effect, "abd icated  their responsibility an d  let the 'com puter 

boys' take o v e r ." 129 The fau lt w as n o t entirely the m anager's  ow n, how ever. 

Calling electronic data  p rocessing  "the biggest ripoff th a t has b een  perpetrated  

on  business, industry , and  governm en t over the p ast 20 years," one au thor 

suggested  th a t business executives have been actively p rev en ted  "from  really 

bearing d o w n  o n  this s itua tion  by  the self-proclaim ed cloak of sophistication and 

m ystique w h ich  falsely claim s im m unity  from  norm al m anagem en t m ethods.

125 McKinsey & Company, "Unlocking the Computer's Profit Potential," 33.
126 Ogdin, "The mongolian hordes versus superprogrammer," 20.
127 Larson, "EDP - A 20 Year Ripoff!", Infosystem s (November 1974), 28.
128 Datamation Editorial, "Trouble ... I Say Trouble, Trouble in DP City," Datamation 14, 
7 (1968)
129 Golda, "The Effects of Computer Technology on the Traditional Role of 
Management," 34.
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They are still being  he ld  a t bay  b y  the com puter people’s m ajor w eapon  - the 

snow  jo b ."130 C om puter departm en t staffs, a lthough " th ey  m ay  be superbly  

equ ipped , technically speaking, to respond to m anagem ent's expectations," are 

"seldom  strategically p laced  (or m anagerially trained) - to fully assess the 

economics of operations o r to judge operational feasibility."131 O nly the 

restorations of the  p ro p er balance betw een com puter pe rsonnel an d  m anagers 

could save the  softw are projects from  a descent into "unp rog ram m ed  and 

devastating  chaos."132

In  m uch  of the m anagem ent literature of this period , com pu ter specialists 

w ere often cast as self-interested peddlers of "w hiz b an g " technologies. "In  all 

too m any cases the d a ta  processing technician does n o t really  understand  the 

problem s of m anagem ent and  is m erely looking for the app lication  of his 

specialty ."133 In  the w ords of one Fortune 500 data  p rocessing  executive:

They [EDP personnel] don 't exercise enough in itiative in  identifying 
problem s and  designing solutions for them ...They are  im patien t w ith  m y 
lack of know ledge of their tools, techniques, an d  m ethodology - their 
m ystique; and  som etim es their impatience settles into arrogance...In sum, 
"These technologists just d o n 't seem to u n d ers tan d  w h a t I need  to m ake 
decisions."134

130 Harry Larson, "EDP - A 20 Year Ripoff!," 26.
131 D. Herz, N ew  Power for M anagement (New York: McGraw-Hill, 1969), 169.
132 Robert Boguslaw and Warren Pelton, "Steps: A Management Game for Programming 
Supervisors," Datamation 5, 6 (1959), 13-16.
133 W.R. Walker, "MIS Mysticism (letter to editor)," Business Autom ation 16, 7 (1969), 8.
134 Datamation Editorial, "The Thoughtless Information Technologist," Datamation 12, 8 
(1966), 21-22.
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The 1969 book N ew  P ow er fo r M anagem ent em ph asized  the  m yopic perspective 

of program m ers: "For instance, a technician's d ream  m ay be a sophisticated 

com puterized  accounting system ; b u t in  practice such  a  system  m ay well m ake 

no m ajor contribution to  p ro fit."135 Others a ttribu ted  to th em  even  m ore 

M achiavellian motives: "M ore often than no t the system s designer approaches 

the  user w ith  a p red isposition  to utilize the latest equ ipm en t or softw are 

technology - for his resum e - ra ther than the real benefit for the  u se r ." 136 Calling 

p rogram m ers the "C osa N ostra" of the industry , the  colorful form er- 

p rogram m er tu rned  technology m anagem ent consu ltan t H.R.J. G rosch w arned  

m anagers to "refuse to em bark  on  grandiose or unw orthy  schem es, and  refuse to 

let their recalcitrant charges w aste skill, time and  m oney  o n  the fashionable 

idiocies of our racket."137 Like m any  of his m anagem ent-orien ted  colleagues, he 

a rg u ed  that program m ers needed  to "accept reality, n o t to rebel against it." 

M any of the technological, m anagerial, and econom ic w oes o f the softw are 

industry  became w rap p ed  up  in  the problem  of p rog ram m er m anagem ent.

It is possible to overem phasize the degree to w hich  trad itional m anagers 

w ere hostile to p rogram m ers and  other software specialists. K raft and 

G reenbaum  go too far in  their portrayal of com puter p rog ram m ers as an

135 Herz, N ew  Power for M anagement, 169.
136 H.L. Morgan and J.V. Soden, "Understanding MIS Failures," Data Base (Winter 1973), 
159.
137 Herb Grosch, "Programmers: The Industry's Cosa Nostra," Datamation 12,10 (1966), 
202.
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oppressed  a n d  degraded  labor force. M any d a ta  processing m anagers sincerely 

believed th a t the best w ay to "rationalize" softw are develop w as to im plem ent 

strict m anageria l controls on  p rog ram m ing  practices. A  num ber of them  h ad  

technical backgrounds an d  identified them selves m ore as p rog ram m ers th an  as 

m anagers. M ost of them  w ou ld  never characterize their relationship  w ith  

softw are developers as openly  and  deliberately  antagonistic. N evertheless, it is 

clear th a t the  in troduction of com puter technology into the corporate 

env ironm ent caused a realignm ent of established netw orks o f pow er and  

authority . D uring  this period  of rea lignm ent m any  program m ers actively 

p u rsu ed  a  professional agenda aim ed a t  p ro v id in g  them selves w ith  as m uch  

occupational territo ry  as possible.
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Chapter Three: The Professionalization of Programming

In one inquiry it was found that a successful team of computer specialists included an 
ex-farmer, a former tabulating machine operator, an ex-key punch operator, a girl who 
had done secretarial work, a musician and a graduate in mathematics. The last was 
considered the least competent.1

H.A. Rhee, Office Autom ation in Social Perspective (1968)

In the development of professional standards, the computer field must be unrelenting in 
advocating stringent requirements for professional status, whether these include 
education, experience, examination, character tests, or w hat not ...2

"The Making of a Profession," Communications o f the ACM  (1961)

I. The Humble Programmer

The first com puter program m ers came from  a w ide  variety  of occupational 

an d  educational backgrounds. Some were form er clerical w orkers or tabulating 

m achine operators. O thers w ere recruited from  the ranks of the female "hum an 

com puters" w ho h ad  partic ipa ted  in w artim e m anual com putation projects. 

M ost, how ever, w ere erstw hile engineers and  scientists recruited from  m ilitary 

an d  scientific hardw are  developm ent projects. For these w ell-educated 

com puter "converts," it w as no t always clear w here com puter program m ing 

stood  in  relation to m ore trad itional disciplines. In  the  early 1950s, the academic 

discipline th a t w e know  today  as com puter science existed only as a loose

1 H.A. Rhee, Office Autom ation in Social Perspective: The Progress and Social 
Im plications o f Electronic Data Processing (Oxford: Basil Blackwell, 1968), 118.
2 C.M. Sidlo, "The Making of a Profession (letter to editor)," Communications o f the 
ACM  A, 8 (1961), 366.
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association o f institutions, individuals, and  techniques. A lthough com puters 

were increasingly used  in  this period  as in stru m en ts o f scientific p roduction , 

their s ta tus as legitim ate objects of scientific a n d  professional scru tiny  h ad  no t 

yet been  established. Those scientists w ho left "respectable" disciplines for the 

uncharted  w aters of com puter science faced self-doubt, professional uncertainty, 

and  even ridicule. The physicist-tum ed-program m er Edsgar D ijkstra recalled 

this difficult transform ation in  his 1972 T uring  A w ard  Lecture (revealingly 

entitled, "The H um ble Program m er"):

...I h a d  to m ake up  m y m ind, either to stop program m ing and  becom e a 
real, respectable theoretical physicist, o r to carry  m y study  of physics to 
form al com pletion only, w ith  a m in im um  of effort, and  to becom e.. .what? 
A program m er? But w as that a respectable profession? A fter all w ha t 
w as program m ing? W here w as the so u n d  bod y  of know ledge tha t could 
su p p o rt it as an  intellectually respectable discipline? I rem em ber quite 
v iv id ly  how  I envied m y hardw are colleagues, w ho, w hen  asked about 
their professional com petence, could a t least po in t out tha t they  knew  
every th ing  about vacuum  tubes, am plifiers and  the rest, w hereas I felt 
that, w hen  faced w ith  th a t question, I w ou ld  stand  em pty-handed.3

A lthough  m any business program m ers in  this period  d id  n o t share Dijkstra's 

scientific an d  m athem atical aspirations, m ost w ou ld  have agreed w ith  his

3 Edsger Dijkstra, "The Humble Programmer," in ACM  Turing A w ard Lectures: The 
First Tw enty Years, 1966-1985(New York: ACM Press, 1987). When Dijsktra applied for 
a marriage license in his native Holland, some years later, he was rejected on the 
grounds that he had listed his occupation as 'program m er/ which was not a recognized, 
legitimate profession. Dijkstra swallowed his pride, as he tells the story, and 
resubmitted his application with his 'second choice' — theoretical physicist. Dijkstra 
would later become one of the strongest advocates for theoretical rigor and the use of 
engineering principles in computer science. His program of "structured programming" 
played a central role in debates over the so-called software crisis of the late 1960s.
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assessm ent of the  am biguous status of the p rog ram m ing  profession. C om puter 

specialists h a d  been  w ork ing  since the late 1950s to establish  a unique intellectual 

an d  occupational identity . They d id  achieve som e lim ited  success: indeed,, as 

the h isto rian  W illiam  A spray  has suggested, it  is rem arkable  how  rap id ly  

com puting  acquired  the  trappin gs of professionalization  in  the U nited States: 

research laboratories and  institutes, professional conferences, professional 

societies, an d  technical journals.4 M any of the struc tu ra l elem ents of a 

com puting  profession w ere in  place by  the end  o f the  1950s. But the existence of 

professional institu tions d id  no t necessarily translate  read ily  into w idely  

recognized professional status. Academ ic com puter scientists struggled to 

establish a legitim ate -  and  independen t - in tellectual d iscipline based  on  a 

sound  b o d y  of theoretical research. System s analysts an d  business program m ers 

w orked  to im prove their standing  w ith in  the o rganizational hierarchy by 

distancing them selves from  com puter operators an d  o ther "m ere technicians." 

N either g roup  w as entirely  successful. As one com m entator suggested in  a 1975 

review  of the com puter professions, " true  professional sta tus for system s 

analysts a n d /o r  program m ers...seem s no closer to d ay  th an  it w as ten  years ago.

4 William Aspray, The History of Computer Professionalization in America," 
(unpublished manuscript). Emphasis mine.
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It is n o t clear ju st w h a t body  of practitioners should  righ tly  classify as 

professionals."5

In  m any  respects, the question  of professionalism  lies a t the very  h e a rt of the 

historical construction  of the softw are crisis. M uch of th e  rhetoric of the crisis 

focused on  the  p rob lem  of p rogram m ing  labor, an d  o n  the  training, recruitm ent, 

and  m anagem ent of program m ers. M any of the them es developed in  p rev ious 

chapters -  the developm ent of new  program m ing  technologies, or of m ore 

"efficient" m anagem ent m ethodologies - are closely tied  to  questions of 

professional status. If skilled p rogram m ers could be rep laced  by  au tom ated  

developm ent tools, for exam ple, or by  m ore "scientific" m anagem ent 

m ethodologies, th en  they could h ard ly  have m uch  claim  to professional 

legitim acy. The question of w hat p rog ram m ing  w as - as an  intellectual and  

occupational activity  - and  w here it fit into trad itional social, academ ic and  

professional hierarchies, w as actively negotiated  d u rin g  the decades of the 1950s 

and  1960s. P rogram m ers w ere w ell aw are of their ten u o u s professional 

position, an d  they  struggled  to p rove th a t they  possessed a unique set of skills 

and  tra in ing  th a t allow ed them  to lay claim  to professional autonom y.

This chap ter w ill focus on  the a ttem pts of p rog ram m ers to establish the 

institu tional structures associated w ith  professionalism : university  curricula;

5 Richard Canning, "Professionalism: Coming or Not?," EDP A nalyzer 14,3 (1975), 7-8.
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recognized perform ance and  safety standards; certification program s; 

professional associations; and codes of ethics. I argue th a t the 

professionalization of com puter p rogram m ing  represented a  po ten tia l solution to 

the softw are crisis th a t appealed to program m ers and em ployers alike. The 

controversy  that su rrounded  the various professional institu tions tha t w ere 

established in  this period , how ever, reveals the deep divisions th a t existed w ith in  

the p rogram m ing com m unity about the na tu re  of p rogram m ing skill and  the 

fu tu re  of the program m ing  professions.

II. The Drive Towards Professionalism

It is n o t difficult to understand  w h y  program m ers in  the 1950s and  1960s 

w ere so concerned w ith  the process of professionalization. This w as a period  in 

w hich  m any  w hite-collar occupations w ere attem pting to achieve professional 

legitim acy. As sociologist H erbert W ilensky w rote in  1964, professionalism  

offered increased social status, g reater autonom y, im proved opportun ities for 

advancem ent, and  be tter pay.6 Belonging to a profession p rov ided  an  indiv idual 

w ith  a  "m onopoly of com petence," the control over a valuable skill th a t w as 

read ily  transferable from  organization to organization.7 Professionalism  

p rov ided  a m eans of excluding undesirab les and  competitors; it assured  basic

6 Harold Wilensky, "The Professionalization of Everyone?," American Journal o f 
Sociology7Q, 2 (1964).
7 Magali Sarfatti Larson, The Rise o f Professionalism : A Sociological A nalysis (Berkeley: 
University of California Press, 1977).
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standards of quality  an d  reliability; it p rov ided  a certain degree of protection 

from  the fluctuations of the labor m arket; and  it w as seen by  m an y  w orkers as a  

m eans of advancem ent into the m idd le  class.8 Program m ers in  particu lar saw  

professionalism  as m eans of d istinguish ing  them selves from  "coders" or other 

"m ere technicians."

The professionalization efforts of program m ers w ere often  encouraged by 

their corporate em ployers. M anagers resisted the incursion of com puter 

program m ers and  system s analysts into their trad itional occupational territory  

by  dism issing them  as narrow  technicians an d  self-serving careerists. As p a rt of 

their rhetorical construction of the softw are crisis as a  problem  of p rogram m er 

m anagem ent, corporate m anagers often accused p rogram m ers of lacking 

professional s tandards and  loyalties: "too frequently  these people 

[program m ers], while exhibiting excellent technical skills, are non-professional in 

every  o ther aspect of their w ork ."9 Professionalism , or a t least a  certain form  of 

corporate-friendly professionalism , w as represen ted  by  m anagers as a m eans of 

reducing  corporate dependence on  the w him s of ind iv idual p rogram m ers.10 It 

w as also thought th a t professionalism  m ight solve a num ber of o ther pressing

8 Robert Zussman, M echanics o f the M iddle Class: Work and Politics A m ong American 
Engineers (Berkeley: University of California Press, 1985).
9 Malcolm Gotterer, "The Impact of Professionalization Efforts on the Computer 
Manager," chap. in Proceedings o f 1971 ACM  Annual Conference (New York: 
Association for Computing Machinery, 1971), 368.
10 David Ross, "Certification and Accreditation," Datamation 14,9 (1968), 183,186

171

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



www.manaraa.com

172 From "Black Art" to Industrial D iscipline

m anagem ent problem s: it m igh t m otivate staff m em bers to im prove their 

capabilities; it could b ring  abou t m ore com m onality of approaches; it could be 

used  for hiring, prom otions and  raises, and  it could help  solve the perennial 

question  of "w ho is qualified."11

The professionalization o f p rogram m ing  w as attractive to po ten tial 

em ployers, how ever, only if it encouraged good  corporate citizenship. Because 

skilled p rogram m ers w ere the possessors of a " 'personal m onopoly ' w hich 

m anifests itself in the m arket place," increased professionalization m ight only 

exacerbate existing labor m arket shortages.12 "Professionalism  m igh t well 

increase staff m obility and  hence tu rnover," w arned  one con tem porary  observer, 

"and  it probably  w ould  lead to h igher salaries for the 'p rofessionals.'"13 

Program m ers w ho w ere m ore loyal to their profession th an  to  their em ployer, it 

w as suggested, w ould use their so-called "professional p rerogatives"  to 

perpetuate  an  already dangerous degree of personal an d  p rofessional 

au tonom y.14

Despite these m isgivings, corporate m anagers generally  em braced the 

concept of professionalism . It appeared  to prov ide a fam iliar so lu tion  to the 

increasingly complex problem s of p rogram m er m anagem ent: "The concept of

11 Canning, "Professionalism: Coming or Not?," 2.
12 Roger Guarino, "Managing Data Processing Professionals," Personnel Journal (Dec., 
1969), 972.
13 Canning,, "Professionalism : Coming or Not?," 2.
14 Harry Larson, "EDP - A 20 Year Ripoff!," Infosystem s (November 1974), 28-29.
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professionalism /' a rg u ed  one personnel research  jou rnal from  the early  1970s, 

"affords a business-like answ er to the existing an d  fu tu re  com puter skills 

m arket...The professional's rew ards are full u tilization of his talents, the 

continuing challenge an d  stim ulus of new  EDP situations, and  an  invaluable 

broaden ing  of his experience base."15 The rhetoric of professionalism  w as 

ideologically neu tra l, a n d  appealed  to a  w ide  varie ty  o f ind iv iduals and  interest 

groups.

In response to these various m otivations to professionalize, p rogram m ers in 

the late 1950s an d  early  1960s w orked to establish the in stitu tional structures 

traditionally  associated w ith  the professions. These included  the developm ent of 

an  academ ic in frastructure  for supporting  theoretical com pu ter science research; 

su p p o rt for industry -based  certification an d  licensing p rogram s; the 

establishm ent of professional societies and  journals; the in troduction  of 

perform ance s tandards; an d  professional codes of ethics. M any of these 

institu tional struc tu res developed quite rap id ly  and  w ere established on  a 

provisional basis b y  the end  of the 1950s.

The early ad o p tio n  of the structures of professionalism  conceals, how ever, 

the deep  intellectual and  ideological schism s tha t existed w ith in  the 

p rogram m ing  com m unity . A lthough m any  practitioners ag reed  on  the need for

15 Personnel Journal Editorial, "Professionalism Termed Key to Computer Personnel 
Situation," PersonnelJournal51,2 (February, 1971), 156-157.
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a program m ing profession, they  disagreed sharply  ab o u t w h a t such a  profession 

should  look like. W hat w as the pu rpose  of the profession? W ho should  be 

allow ed to participate? W ho w ou ld  control en try  into the  profession, and  how ? 

W hat body  of abstract know ledge w ould  be used  to su p p o rt its claims to 

legitimacy? By the beg inn ing  o f the 1960s, clearly discernible factions h ad  

em erged w ith in  the nascen t p rogram m ing  discipline. Science- and  engineering- 

oriented p rogram m ers w orked  to develop a theoretical basis for their discipline. 

They joined associations like the Association for C om puting  M achinery (ACM) 

th a t published academ ic-style journals, im posed strict educational requirem ents 

for m em bership, an d  resisted  certification and  licensing program s. Business data  

processing personnel, o n  the o ther hand , pursued  a m ore practice-centered 

professional agenda. If they  joined any professional associations at all, it w as the 

D ata Processing M anagem ent Association (DPMA). They read  journals like 

D atam ation, w hich em phasized  p lain  speech and  practical relevance over 

theoretical rigor. The tension  th a t existed betw een these tw o groups of asp iring  

professionals -  the academ ic com puter scientists and  the business data 

processors — greatly  influenced the character and  fortunes of the various 

professional institu tions th a t each faction supported.
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III. Computer science as the key to professionalism

In  Septem ber 1959, an  article in  the new ly-founded  A ssociation for 

C om puting  M achinery (ACM) journal C om m unications o f  the  A C M m troduced  

to  the w orld  the outlines of a  new  intellectual an d  academ ic discipline: com puter 

science. By this tim e there  w ere num erous com puter-re la ted  stud ies under w ay  

in  a  w ide  varie ty  of academ ic departm en ts a t various research universities, 

includ ing  departm en ts of m athem atics, business a n d  econom ics, library  science, 

physics, an d  electrical engineering. In "The Role o f the  U niversity  in  C om puters, 

D ata Processing, an d  Related Fields," Louis Fein a rg u ed  that all of these activities 

sh o u ld  be consolidated  into a single organizational entity . A fter subm itting  a 

range of possible nam es for this entity, including  "inform ation  sciences," 

"intellitronics," and  "synnoetics" (a term  that Fein h im self used  o n  several 

occasions), he p ro p o sed  the term  "C om puter Science."16 O ther nam es for this 

n ew  discipline (or its practitioners) h ad  been  suggested  elsew here in  the 

con tem porary  literature: "C om ptology," "H ypology ," derived  from  the Greek 

ro o t hypologi (m eaning "to com pute"), "A pplied  E pistem ologist," and  

"T uring ineer," am ong  others. C om puter science w as the nam e th a t stuck.17

16 Louis Fein, "The Role of the University in Computers, Data Processing, and Related 
Fields," Communications o f the A C M 1,10 (1959), 7-14.
17 Quentin Correll, "Letters to the Editor," Communications o f the ACM 1, 7 (1958), 2;
P. A. Zaphyr, "The science of hypology (letter to editor)," Communications o f the ACM  
2 ,1  (1959), 4; Editors of DATA-LINK, "What's in a Name? (letter to editor)," 
Communications o f the AC M 1,4 (1958), 6. A more complete treatment of this history
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Establishing com puter science as a legitim ate th eoretica l discipline w as 

clearly an  essential com ponent in  the p rofessionalization  agenda of its 

practitioners. W ithin the sta tus hierarchy o f the un iversity , theory  ranked 

higher th an  practice, and  w as therefore desirable for its ow n  sake. O utside of the 

academ y, theoretical know ledge offered a p o ten tia l key  to  professional 

advancem ent. It p rov ided  a m eans of d istingu ish ing  the  com petent professional 

from  the m ere technician. A s the  sociologist A ndrew  A bbot a n d  others have 

suggested , the key  to professional developm ent is contro l over abstract 

know ledge: "Practical skill g row s ou t of a n  abstrac t system  of know ledge, and  

control of the  occupation  lies in  control of the  abstractions th a t generate the 

practical techniques ... A bstraction enables su rv iva l in  the  com petitive system  of 

professions."18 A spiring  com puter professionals recognized  the need  to establish 

a m ore abstrac t an d  "scientific" approach to their discipine. In  a 1961 letter to the 

editors of the  C om m unications o f  the A C M  o n  "The M aking of a Profession," 

C.M. Sidlo suggested  tha t "A s a  profession becom es m atu re  it realizes th a t the 

science (not technology) needed  by  the profession  m u st continually  be ex tended 

to m ore basic content ra ther th an  restricted on ly  to  the  obvious applied  science.

A p rofession  is un d er an  obligation to develop an d  base itself o n  a body of

can be found in Paul Ceruzzi, "Electronics Technology and Computer Science, 1940- 
1975: A Coevolution," Annals o f the H istory o f Com puting Vi, 4 (1989), 257-275.
18 Andrew Abbott, The System s o f Professions: A n E ssay on the D ivision o f Expert Labor 
(Chicago: University of Chicago Press, 1988).
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know ledge ra the r than  upo n  a body  of applications."19 The p rim ary  distinction 

betw een  professionals and  technicians, a rgued  another practitioner, "is based on 

w hether one has undergone a 'p ro longed course of specialized, intellectual 

instruction  and  study.' This distinction has n o t yet m aterialized in  the com puter 

p rog ram m ing  occupation because of the diverse backgrounds, lack of 

com petence criteria and  em bryonic stages of applied  com puter science 

education ."20 By the end  of the 1960s, form al education w as seen by  an  

increasing num ber of da ta  processing personnel as a necessary prerequisite  to 

professional status. As the softw are crisis heated  up  in  the late 1960s, university  

com puter science p rogram s served as a resource for practitioners in their 

struggle for professional legitimacy. They also served as a ba ttleg round  in  which 

various g roups com peted for control over occupational territory.

The lack of form al theories of softw are developm ent offered a convenient 

explanation for the burgeoning  softw are crisis. A 1968 D atam ation editorial on 

"The Facts of Life" described the inadequacies of contem porary  practices: "O ur 

youthfulness m eans, for one thing, tha t w e still lack a sound  theoretical base for 

ou r w ork. W hich m eans it's h a rd  to transfer learning from  one particu lar 

experience to another. W hich m eans in  tu rn  th a t it's extrem ely difficult to select,

19 Sidlo, "The Making of a Profession," 367.
20 Malcolm Gotterer, "The Impact of Professionalization Efforts on the Computer 
Manager," chap. in Proceedings o f 1971 ACM  Annual Conference (New York: 
Association for Computing Machinery, 1971), 371-372.
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train , a n d  develop good  edp  system s people , p rogram m ers an d  analysts 

especially."21 The phrase  "softw are eng ineering" p rov ided  the organizing 

principle of the 1968 G arm isch Conference an d  w as "deliberately chosen as be ing  

provocative, in  im plying  a need  for softw are m anufacturing  to be based on  the  

types of theoretical foundations and practical disciplines that are traditional in  

the established branches of engineering."22 The subsequent adop tion  of the 

"softw are engineering" agenda by a b ro ad  spec trum  of the com puting  

com m unity  indicates the pow erfu l appea l th a t a  m ore "scientific" approach to 

softw are developm ent he ld  for m any p ractitioners, m anagers, and  

m anufacturers.

“A momentary aberration in the fields of mathematics and electrical engineering... ”

A lthough  the term  "com puter science" w as n o t adop ted  un til 1959, the 

origins of the discipline tha t it encom passes stre tch  back a t least into the late 

1940s. In  fact, m uch  of the m athem atical theo ry  th a t underp ins com puter science 

derives from  w ork  done as early  as 1854.23 C harles Babbage had  p rov ided  a 

sophisticated descrip tion of the principles of d ig ita l com puting in  the 1830s.

A lan T uring  published  his now -fam ous article o n  the com putability  of num bers

21 Datamation Editorial, "The Facts of Life," Datam ation 14,3 (1968)
22 Peter Naur, Brian Randall, and J.N. Buxton, ed., Software engineering Proceedings o f  
the NATO conferences (New York: Petrocelli/Carter, 1976), 7.
23 William Aspray, "The History of Computer Professionalism in America,"
(unpublished manuscript).
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in  1937. G eorge Stibitz of Bell Laboratories, K onrad  Zuse a t the  H enschel 

A ircraft C om pany  in  Berlin, an d  H ow ard  A iken h ad  all bu ilt w o rk in g  electro

m echanical d igital com puters b y  the mid-1930s. It w as n o t un til the im m ediate 

post-w ar period , how ever, th a t a  com m unity o f researchers ded ica ted  to the 

stu d y  of com puter technology began  to emerge.

By the  end  of the  1940s, five m ajor research universities in  the  U nited  States 

h ad  experience w ith  h igh-speed  com puting: Colum bia, H arvard , U niversity of 

Pennsylvania, MIT, an d  Princeton. Colum bia h ad  been  w ork ing  w ith  the IBM 

C orporation  since the  late 1920s on  projects rela ted  to scientific com puting. In 

1945 the un iversity  established the W atson Scientific C om puting  Laboratory on 

its cam pus. H o w ard  A iken of H arvard  U niversity  used  IBM an d  U.S. N avy 

resources to  bu ild  h is M ark I electro-m echanical com puter, first installed  at 

H arv ard  in  1944. The U niversity  of Pennsylvania collaborated w ith  the Ballistics 

Research L aboratory  of the A berdeen Proving G rounds to develop  the ENIAC 

m achine. MIT w as involved w ith  several large com putation  projects in  the 

1940s, m ost fam ously the Project W hirlw ind real-tim e flight sim ulator. Princeton 

U niversity  inherited  a  sto red-program  com puter designed by  the m athem atician 

John v on  N eu m an n  for the nearby  Institute for A dvanced Study.

A lthough  each of these projects w as developed for very  d ifferen t purposes in  

very  d ifferent institu tional contexts, they w ere un ited  b y  their focus on
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hardw are . Theoretical questions took a back  sea t to p ressing  technical concerns; 

just g e ttin g  these early  m achines to ru n  w ith o u t failure for m ore th an  a few  

m inutes w as an  engineering challenge of heroic proportions. As one of the first 

general tex tbooks on  electronic com puting described  it, "The ou tstand ing  

p rob lem s invo lved  in  m aking  m achines are  a lm ost all technological rather th an  

m athem atical."24 W hen the M oore School of Electrical E ngineering a t the 

U niversity  o f Pennsylvania held  its fam ous lecture series on  the "Theory and  

T echniques for D esign of Electronic D igital C om puters" in  1947, the em phasis 

w as m u ch  m ore  on  techniques than  on  theory.

By the  beg inn ing  of the 1950s, a com m unity  o f researchers h ad  begun to form  

a ro u n d  the  design  and  use of com puters. The 1947 M oore School lectures h ad  

served  as a  seedbed  for the nascent com puting  com m unity. M any of the 

a ttendees w o u ld  be leaders in  the field for the nex t several decades.25 Similar 

one-tim e conferences w ere held  a t H arvard  in  1947 and  1949, a t IBM in 1948, a t 

C am bridge  U niversity  in  1940, and  M anchester U niversity  in 1951. A lthough 

m ost of these conferences focused on hardw are  developm ent and  engineering 

concerns, b y  the  end  of the 1940s there w ere indications th a t the discipline w as 

becom ing m u ch  m ore theoretically oriented. In  1945-46 John v o n  N eum ann

24 B.V. Bowden, Faster than Thought: A Sym posium  on D igital Com puting M achines 
(London: Sir Isacc Pitman & Sons, 1953).
25 M artin Campbell-Kelly and Michael Williams, eds., The M oore School Lectures: 
Theory and Techniques for the Design o f Electronic D igital Com puters (Cambridge, MA: 
MIT Press: Charles Babbage Reprint Series, 1985).
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circulated an  inform al "First Draft of a  R eport o n  the  EDVAC." The EDVAC w as 

the p lanned  successor to the ENIAC com puter th en  being  developed  a t the 

U niversity  of Pennsylvania. Von N eum ann  h ad  becom e involved w ith  the 

project in  1945 as a n  ou tgrow th  of his w ork  on  nuc lear physics a t Los Alamos. 

H is rep o rt described the EDVAC in term s of its logical structure, using  notation  

borrow ed  from  neurophysiology. Ignoring m o st o f the physical details of the 

EDVAC design, such  as its vacuum  tube circuitry, vo n  N eum ann  focused instead 

on  the m ain  functional units of the com puter: its arithm etic  unit, its m em ory, 

in p u t an d  output. By abstracting the logical d esig n  o f the digital com puter from  

any particu lar physical im plem entation, von N eu m an n  took a crucial first step in  

the developm ent o f a  m odem  theory of com putation.26 The outlines of a new  

discipline had  b eg u n  to take shape.

O ver the course of the next decade, o rganizational and  adm inistrative

boundaries w ere d raw n  around  com puter science research. As early  as 1947

courses in  digital com puting  w ere being  taugh t a t  MIT and  Colum bia. That

sam e year H arvard  offered a one-year m aster's degree  p rog ram  in applied

m athem atics "w ith  special reference to com puting  m achinery."27 In 1948 this

p rog ram  w as expanded  to include Ph.D. students. In  the 1950s an  increasing

26 Michael S. Mahoney, "Computer Science: The Search for a Mathematical Theory", in 
John Krige and Dominique Pestre (eds.), Science in the 20th Century (Amsterdam: 
Harwood Academic Publishers, 1997).
271. Bernard Cohen, H ow ard Aiken: Portrait o f a Com puter Pioneer (Cambridge, MA: 
The MTT Press, 1999), 186.
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num ber of un iversities began  offering courses a n d  degree program s in  com puter- 

related specialties. M ost of these degrees w ere ac tually  received from 

m athem atics o r electrical engineering departm ents; the  first doctorate in  

"com puter science" w as n o t aw arded un til 1965.28 By the 1964-65 academ ic year, 

how ever, there w ere  approxim ately  4,300 u n d erg rad u a tes  an d  1,300 graduate 

students in  com pu ter science, da ta  processing, in fo rm ation  sciences and  related 

program s. In  1966-67, these totals jum ped to over 22,000 underg raduates and 

5,000 g raduates, ro u g h ly  a  five-fold increase.29 By the  end  of the  1960s, 

com puter science w as w ell o n  its w ay tow ards becom ing  a n  independent 

departm ental en tity  in  m any  m ajor research universities.

This m ove to w ard s institutional independence a n d  academ ic respectability 

was closely associated  w ith , an d  predicated upon , the  developm ent of com puter 

science theory. In  his 1959 m anifesto announcing  the  new  discipline, Louis Fein 

had been  careful to distance it from  its ha rdw are-o rien ted  origins:

Too m uch  em phasis has been placed on  the  com pu ter equipm ent in 
un iversity  p rog ram s th a t include fields in  the  "com puter sciences" ... 
Indeed  a n  excellent integrated p rogram  in  som e selected fields of the 
com puter sciences shou ld  be possible w ith o u t any  com puting  equipm ent 
a t all, ju st as a first rate program  in certain  a reas of physics can exist 
w ith o u t a  cyclotron.30

28 William Aspray, "Was Early Entry a Competitive Advantage?," Annals o f the H istory 
o f Com puting (2000), 64.
29 Thomas White, "The 70's: People," Datamation 16, 7 (1973), 42.
30 White, "The 70's: People," 11.
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A 1964 rep o rt from  the ACM C urricu lum  C om m ittee on  C om puter Science 

echoed th is no tion  tha t com puter science invo lved  m ore th an  ju st the d esig n  an d  

operation  o f com puting  equipm ent:

There are w idespread  m isconceptions of the  purpose  o f com puter science 
desp ite  the general acknow ledgem ent th a t it is a d istinctive subject. 
C om pu te r science is n o t sim ply  concerned w ith  the design  of com puting  
devices - n o r is it just the a r t of num erical calculation, as im portan t as 
these topics are ... C om puter science is concerned w ith  in form ation  in  
m u ch  the sam e sense th a t physics is concerned w ith  energy; it is devo ted  
to the  represen tation , storage, m an ipu lation , and  presen ta tion  of 
in form ation  in  an environm ent perm itting  autom atic inform ation system s. 
As physics uses energy transform ing devices, com puter science uses 
in form ation  transform ing devices.31

In  a  1967 letter to the ed itors of Science, H erbert Simon, A llen N ew ell and  

A lan Perlis a ttem p ted  to answ er the question  m ost com m only asked of the  

com puter scientist: "Is there such  a th ing  as com pu ter science, and  if there  is, 

w hat is it?" C om puter science, according to Sim on and  his colleagues, w as quite 

sim ply the s tu d y  of com puters, ju st as astronom y w as the s tu d y  of stars a n d  

biology the s tu d y  of life. The fact tha t the com pu ter w as an  artificial ra th e r than  

a na tu ra l phenom enon  was irrelevant: as S im on w ou ld  later argue in  The 

Sciences o f  th e A rtificia l, artifacts w ere perfectly  legitim ate objects of em pirical 

research. "C om puter science is the  study  of th e  phenom ena su rround ing

31 ACM Curriculum Committee, "An Undergraduate Program in Computer Science - 
Preliminary Recommendations," Communications o f the ACM  S, 9 (1965), 544.
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com puters ... the com puter is n o t just a n  instrum ent b u t a p henom enon  as well, 

requ iring  descrip tion  and  explanation."32

As the h isto rian  Paul C eruzzi has suggested, by  the end  of the  1960s m ost 

com puting  theorists h ad  adop ted  the definition of their discipline tha t has since 

com e to dom inate m o d em  com puter science, a t least as it is practiced  in  the 

university: com puter science is the s tu d y  of algorithm s.33 Im plied  in  this 

defin ition  is the no tion  tha t the algorithm  is as fundam ental to com puting  as 

N ew to n 's  Laws of M otion are to physics. By founding their discipline on  the 

a lgorithm  rather th an  on  engineering practices, com puter scientists could  claim  

fellow ship w ith  the sciences: com puter science w as science because it w as 

concerned w ith  d iscovering natu ra l law s about algorithm s. As Peter W egener 

described in his 1970 "Three C om puting  C ultures," "The no tion  of a  m echanical 

process and  of an  a lgorithm  (a m echanical process w hich is guaran teed  to 

term inate) are as fundam enta l and  general as the concepts that underlie  the 

em pirical and  m athem atical sciences."34 In his 1968 classic F undam ental 

A lgorith m s, com puter scientist D onald K nuth  attem pted  to situate  "the a rt of 

p rogram m ing" on  a  firm  foundation  of m athem atical principles an d  theorem s. 

T hat sam e year the A ssociation for C om puting  M achinery released their

32 Herbert Simon, Allen Newell, and Alan Perlis, "Computer Science (letter to editor)," 
Science 157,3795 (Sept. 22,1967), 1373-1374.
33 See Cerruzi, "Electronics Technology and Computer Science."
34 Peter Wegener, "Three Computer Cultures: Computer Technology, Computer 
Mathematics, and Computer Science," Advances in Computers 10 (1970), 9.
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in fluential "C urricu lum  '68" guidelines, w hich  encouraged un iversity  com puter 

science departm en ts to d rop  electronics a n d  hardw are  courses in  favor of 

m athem atics an d  algorithm s offerings.35

E m erging  as it d id  from  the large ha rd w are  developm ent projects of the 

1940s, com puter science w as from  the ve ry  beginning an  in terd iscip linary  

en terprise. This w as both  a streng th  and  a weakness. All o f the early  recruits to 

the  discipline had  necessarily come from  established departm ents. As W illiam  

A sp ray  has suggested, com puter science crossed v irtually  every  academ ic 

b o u n d a ry  th en  established w ith in  the university , d raw ing  conten t an d  people 

from  m athem atics, electrical engineering, psychology, and  business.36 Conflict 

be tw een  com puter science and  these o lder departm ents w as inevitable. Som e of 

the trad itiona l disciplines felt th reatened  b y  the newcom er. A t H arv ard  an d  

Princeton, for exam ple, underg raduate  enrollm ents g rew  rap id ly  in  com puter 

science w hile they stagnated  in  other areas of applied science and  engineering. 

A t P enn  an d  MIT, an  increasing num ber o f electrical engineering  s tuden ts chose 

to focus o n  com puter-related subjects ra th e r than  on  o ther areas of electrical 

engineering. As com puter-related sub-fields began d raw ing  resources an d  

s tuden ts from  traditional disciplines, heated  battles e rup ted  over faculty slots,

35 ACM Curriculum Committee, "Curriculum 68: Recommendations for Academic 
Programs in Computer Science," Communications o f the A C M ll, 3 (1968), 151-157.
36 Aspray, "Was Early Entry a Competitive Advantage?," 65.
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g rad u a te  adm issions, an d  courses. Its early  success a t attrac ting  studen ts and 

resources no tw ithstand ing , com puter science w as repeated ly  forced to defend its 

academ ic legitim acy.

O ne of the  accusations frequently  leveled against com pu ter science w as th a t 

is rep resen ted  little m ore th an  a grab-bag of techniques, heuristics, and  

equipm ent. "A ny science th a t needs the w ord  'science' in  its nam e is by  

defin ition  n o t a science," claim ed one contem porary  aphorism .37 The discipline's 

close association w ith  com puter hardw are  w as evoked to  d isparage its 

intellectual legitimacy:

The creation of com puter science departm ents is analogous to creating 
new  departm en ts for the  railroad, autom obile, rad io , a irp lane o r television 
technologies. These industria l developm ents w ere all trem endous 
innovations em bodied  in  m achinery, as is the developm ent of com puters, 
b u t this is n o t enough  for a discipline or a m ajor academ ic field. A 
"discipline" is based  u p o n  a cohesive and  consistent body  of theory  or 
theories along  w ith  a  "bag  of analytical" tools w hich  are used  to apply  the 
theory. "C om puter science" represents only a tool or technique w ithout a  
body  of cohesive an d  consistent theory. Therefore, it can hard ly  be 
classified as a discipline dem and ing  a separate cu rricu lum  an d  an  isolated 
program .38

As A tsushi A kera has described in  h is study  of early  scientific com puting 

efforts, m any  o f the p ioneering  academ ic com puting experts em erged  ou t of the 

central com puting  facilities th a t prov ided  com putational services to other

37 See Cerruzi, "Electronics Technology and Computer Science."
38 Jack Carlson, "On determining CS education programs (letter to editor)," 
Com munictions o f the ACM 9,3  (1966), 135.
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researchers. In  o rd er to take full advantage of expensive com pu ting  equipm ent, 

these facilities o ften  se rved  m ultip le  departm ents (and in  som e cases, m ultiple 

universities). A s personnel from  these com puting  centers m oved  in to  newly- 

founded  com puter science departm ents, they had  difficulty shedd ing  their image 

as service p rov iders ra th e r than  legitim ate researchers.39 C om pu te r science "is 

v iew ed by o ther disciplines as a  ra ther easily m astered tool," com puter theorist 

D avid  Pam as w arn ed  a n  ACM  C urricu lum  Com m ittee. " It is easy, in  any  field, 

to confuse the w o rk  of a technician w ith  the w ork  of a professional, b u t this is 

easier in com puter science because a  w orker in  another discipline w ill consider 

h im self an 'expert' a fter learn ing  to use a com puter to process his da ta ."40

The precarious s ta tu s of com puter science w ith in  the academ ic h ierarchy was 

a subject of m uch  d iscussion  an d  concern w ith in  the com pu ting  com m unity. In 

h is 1966 presiden tia l add ress to the ACM , A nthony O ettinger described an  

encounter w ith  the C om m ittee on  Science and  Public Policy of the N ational 

A cadem y of Sciences. The incident revealed w ha t O ettinger called "num erous 

m isconceptions ab o u t com pu ter science w ith in  high councils of science and  

governm ent," am ong  them  that

39 The best available source on this material is Atsushi Akera, Calculating a N atural 
World: Scientists, Engineers and Com puters in the U nited States, 1937-1968(Ph.D. 
dissertation, University of Pennsylvania, 1998).
40 David Pamas, "On the preliminary report of C3S (letter to editor)," Communications 
ofth eA C M 9,4 (1966), 242-243.
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1)...the com puter is ju st a tool and  not a p roper in tellectual discipline;

2) A lm ost all creative com puter designers and  so ftw are  inventors have 
been  trained  e ither as p u re  m athem aticians or as experim ental physicists. 
In  other w ords, the  really creative people in  com puters are those who 
w ere led into the  field by  a challenge of a p rob lem  in  their ow n  field;

3) There are n o t m an y  good people in com puter science as such...;

4) The train ing  of faculty a nd  students in  com puter usage can  better be 
done by  people in  the  various disciplines w ho have acquired  com puter 
experience, ra ther th an  by  a separate cadre of com pu ter scientists;

5) It is n o t the business of universities to train  com pu ter center m anagers 
or system s experts;

6) The [future potential?] of com puters has been  overra ted , an d  w hen the 
current fad subsides, m any  universities w ill have ... b ad ly  overextended 
them selves w ith  respect to bo th  equipm ent and  teach ing /research  
com m itm ents in  com puter science per se.

7) C om puter science is no t a coherent intellectual discipline b u t rather a 
heterogenous collection of bits and pieces from  o ther disciplines...

O ettinger's repo rt deftly  sum m arized the m ost com m on objections raised 

against com puter science b y  contem porary critics. Judg ing  from  the reaction that 

he provoked from  the ACM  m em bership, there w as a real fear w ith in  the 

com puter science com m unity  tha t their discipline w as considered  little more 

than  a "m om entary  aberration  in  the fields of m athem atics and  electrical 

engineering."41 O ettinger him self later confessed to h av in g  doub ts about

41 Robert Rosin, "Relative to the President's December Remarks," Communications o f the 
ACM1Q, 6 (1967), 342.

188

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



www.manaraa.com

The Professionalization of Program m ing 189

w hether o r no t "com puter science is a  science."42 C om puter science w as difficult 

to  categorize, he suggested, because "on  the one h an d  it  has com ponents of the 

p u re s t m athem atics and  on  the o ther h an d  the d irtiest o f engineering." Paul 

C eruzzi has suggested  th a t com puter science as it existed in  the 1950s an d  "60s 

w as w h a t E dw ard  L ayton referred  to as an  "engineering  science," m ean ing  tha t 

i t  "took  o n  the qualities of the sciences in  their system atic o rganization , their 

reliance o n  experim ent, and  in  the developm ent of m athem atical theory ."43 

Progress in  the engineering sciences often occurred in  the  absence of any  form al 

o r useful theories. A lthough  com puter science w ould, b y  the end  of the 1960s, 

a d o p t the  algorithm  as its principle subject of analysis, it h a d  difficulty 

articu la ting  any unifying them es or theories tha t w ou ld  convince the academ y 

th a t it w as a tru ly  scientific discipline ra ther than  a m iscellaneous collection of 

techniques applied  to business, technology and  science.

The response of the academ ic com puter science com m unity  to accusations of 

insufficient theoretical rigor w as understandable: they  focused increasingly on  

those aspects of their discipline th a t m ost resem bled trad itional science and 

m athem atics. M ost of the m odel curricula p roposed  in  this period  em phasized  

a lgorithm  theory and  num erical analysis. Few  included m uch  in  the w ay  of

42 "I am not sure that computer science is a science " - Anthony Oettinger, "The 
Hardware-Software Complexity," Communications oftheACM IO, 10 (1967), 604.
43 Edward Layton cited in Cerruzzi (1989); Walter Vincenti cited in Ceruzzi (1989).
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business da ta  processing, o r even  practical p rog ram m ing  courses, for th a t m atter. 

W hile this m igh t have  been  a  good  strategy from  the p o in t o f v iew  of academ ic 

program -building, it b ro u g h t the academic com puter scientists in to  conflict w ith  

their colleagues in  industry .

“Cute programming tricks”

In 1968, Bell L aboratories research scientist R ichard H am m ing  w as aw arded  

the Association for C om pu ting  M achinery's prestig ious T u ring  A w ard . In his 

aw ard  lecture, en titled  "O ne M an 's View of C om puter Science," H am m ing  

addressed one of the m ost p ressing  concerns of his discipline: the relationship 

betw een theory a n d  practice in  com puter science education . A lthough  

H am m ing w as a  firm  believer in  the inclusion of advanced  m athem atics in  the 

com puter science curricu lum , he criticized w ha t he believed  w as an  over

em phasis on  theory. "At p resen t there is a flavor of ’gam e-p lay ing’ ab o u t m any 

courses in com puter science. I hear repeatedly from  friends w ho  w an t to hire 

good software people th a t they  have found the specialist in  com pu ter science is 

som eone they do n o t w ant. Their experience is th a t g rad u a tes  in  ou r p rogram s 

seem  to be m ainly in te rested  in  p lay ing  games, m aking  fancy p rog ram s that 

really  do no t w ork, w ritin g  trick program s, etc., an d  are  unab le  to discipline their 

ow n  efforts so tha t w h a t they  say  they will do gets done o n  tim e and  in  practical 

form." If the discipline w ere  going to tu rn  ou t "responsib le, effective people
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w ho m eet the real needs of ou r society /' H am m ing  suggested, com puter science 

departm en ts m ust abandon  their love-affair w ith  p u re  m athem atics and  em brace 

a h an d s-o n  engineering approach  to com puter science education. He criticized 

the A C M 's recently released "C urriculum  '68" report for its neglect of practical 

tra in ing  and  laboratory  w o rk .44

H am m ing  w as h ard ly  the only  m em ber of the com puting com m unity  to find 

fau lt w ith  the increasingly theoretical focus of contem porary  com puter science. 

In the  1940s an d  1950s, electronic com puters w ere prim arily  a scientific an d  

m ilitary  technology, and  com puter p rogram m ing  as a  discipline reta ined  a close 

association w ith  the practice of m athem atics. The lim itations of early  hardw are  

devices often  m ean t tha t a sim ple p rogram m ing  problem  could quickly tu rn  into 

a research  excursion into a lgorithm  theory an d  num erical analysis. For exam ple, 

m any  of these m achines d id  n o t have floating-point hardw are, so program m ers 

h ad  to execute com plicated calculations to ensure  tha t the values of the variables 

w o u ld  stay  w ith in  the m achine's fixed range th roughou t the course of the  

calculation. By the beginning o f the 1960s, how ever, com puter technology had  

becom e reliable and  inexpensive enough to be adop ted  by  a w ide varie ty  of 

com m ercial organizations. M ost of these organizations used com puters for 

business d a ta  processing ra ther than  scientific analysis. The skills involved in

44 Richard Hamming, "One Man's View of Computer Science," chap. in ACM  Turing 
A w ard Lectures: The First Twenty Years, 1966-1985(New York: ACM Press, 1987).
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program m ing  business applications w ere very  d ifferent from  those requ ired  in  

scientific com puting, and  for m any  corporate  em ployers it w as n o t a t all clear 

how  a com puter science education  w as relevan t to softw are developm ent.

As early  as 1959 the consulting firm  Price-W aterhouse had  published  a study  

on  "Business Experience w ith  Electronic C om puting" th a t questioned the 

relevance of m athem atics to real-w orld  p rogram m ing  problem s:

Because the background of the  early  p rogram m ers w as acquired  m ain ly  in  
m athem atics or o ther scientific fields, they  w ere used  to dealing  w ith  well- 
fo rm ulated  problem s and  they  deligh ted  in  a sophisticated approach  to 
coding  their so lu tions...W hen  they  app lied  their talents to the m ore 
sp raw ling  problem s of business, they  often  tended  to underestim ate the 
com plexities and  m any  of their solutions tu rned  o u t to be 
oversim plifications.45

In  1958, the  Bureau of Labor no ted  the grow ing  sense of corporate 

d isillusionm ent w ith academ ic com puter science: "M any em ployers no longer 

stress a s trong  background in  m athem atics for p rogram m ing  of business or other 

m ass d a ta  if candidates can dem onstrate  an  ap titude  for the work. C om panies 

have been  filling m ost positions in  this new  occupation b y  selecting em ployees 

fam iliar w ith  the subject m atter a nd  giving them  tra in ing  in  program m ing

45 B. Conway, J. Gibbons, and D.E. Watts, Business experience with electronic com puters, 
a synthesis o f what has been learned from  electronic data processing installations (New 
York: Price Waterhouse, 1959), 82.
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w ork ."46 A rev iew  of literature from  the 1950s o n  the selection of com puter 

p rogram m ers identified  only those skills and  characteristics tha t w ould  have 

been  assets in  any  w hite-collar occupation: the ability  to th ink  logically; to w ork  

u n d e r p ressure , and  to get a long w ith  people; a  retentive m em ory, the desire to 

see a p rob lem  th ro u g h  to completion; an d  carefu l a tten tion  to detail. The only  

su rp rising  resu lt w as th a t "m ajoring in  m athem atics w as n o t found  to be 

significantly re la ted  to perform ance as a p rogram m er!"47

D uring  the  course of the 1960s com puter science m anaged  to establish itself 

as an  independen t academ ic discipline. N evertheless, m any  observers noticed 

th a t academ ic success d id  not necessarily transla te  into practical achievem ents. 

As the keynote speaker a t a 1968 Conference o n  Personnel Research suggested, 

"w e o ugh t to help  the program m er survive b y  p ro p er education. But w ho can 

w e look to for such  education? N o t the new  departm en ts of com puter science in  

the universities...they are too busy  teaching sim on-pure  courses in  their struggle  

for academ ic recognition to pay  serious tim e a n d  a tten tion  to the app lied  w ork  

necessary to educate  program m ers and  system s analysts for the real w orld ."48 

The im plication w as th a t the professionalization strategies of academ ic com puter

46 William Paschell, Autom ation and em ploym ent opportunities for office workers; a 
report on the effect o f electronic com puters on em ploym ent o f clerical workers (Bureau 
of Labor Statistics, 1958), 11.
47 W.J. McNamara and J.L. Hughes, "A Review of Research on the Selection of Computer 
Programmers," Personnel Psychology 14,1 (Spring, 1961), 41-42.
48 Hal Sackman, "Conference on Personnel Research," Datamation 14, 7 (1968), 76.
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scientists w ere  very  d ifferen t from  those of professional business p rogram m ers. 

The skills an d  abilities th a t w ere rew ard ed  by  u n iversity  adm in istra to rs w ere no t 

necessarily  valued  w ith in  the corporate environm ent: "These four year 

com pu ter science w onders are infinitely better equ ipped  to  design  a  new  

com piler th a t they are to  m anage a softw are developm ent project. W e d o n 't need 

new  com pilers. We need  on-tim e, on-budget, softw are developm ent."49

By the beginning o f the  1970s the situation  h ad  w orsened. "Possibly the m ost 

b la tan t failure of our in d u stry  has been  its ineffective efforts a t com m unicating 

w ith  the  academ ic com m unity ," a rgued  one 1970 article on  the so-called "The 

People Problem ": "O urs is the first m ajor in d u stry  in  m o d em  h isto ry  to develop 

w ith  only  lim ited su p p o rt from  colleges and  universities ... m ost colleges and  

universities still have n o t initiated  degree p rogram s leading to da ta  processing 

careers. Those w ho do  offer com puter train ing  frequently  give the curricu lum  a 

scientific orientation, th u s ignoring the add itional skills needed  by  ou r 

industry ."50

Industria l em ployers becam e increasingly d isg run tled  w ith  the p roducts of 

the academ ic com puter science departm ents. They began  tu rn in g  to o ther 

sources of educated practitioners. A 1972 D atam ation su rvey  of corporate  da ta

49 George DiNardo, "Software Management and the Impact of Improved Programming 
Technology," chap. in Proceedings o f1975ACM  Annual Conference (New York: 
Association for Computing Machinery, 1975), 288-289.
50 J.A. McMurrer and J.R. Parish, "The People Problem," Datamation 16, 7 (1970), 57.
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processing m anagers noticed  "another a ttitude  com m on to m ost of Datam ation's 

w ise men: the relative uselessness of departm ents o f com puter sciences ... and  

the people they  are capable of turn ing  out." For those people thinking about 

en tering  the field, the article recom m ended, "the consensus advice seems to be: 

s tay  ou t of com puter sciences. Take a bachelor's deg ree  in  a technical subject, 

a d d  a m aster's in  business adm inistration."51 Fred G ruenberger, himself a 

com puter science educator, suggested:

M ost program m ing  m anagers in  large corporations tell the same story 
repeated ly  (although regrettably few people  listen). Please, they say, give 
us w ell-educated MBAs, not C om puter Science graduates ... While this 
m ay seem  like a  terribly narrow  view , it has been  repeatedly  proven in 
b o th  scientific an d  commercial data  p rocessing th a t program m ing can be 
tau g h t to brigh t, w ell-m otivated and  w ell-educated  people, bu t that 
com pany identification and  a  general feeling for 'B usiness" can alm ost 
never be taugh t."52

Given the perceived lack of a close relationship  betw een  the needs of 

business an d  the o u tp u t of the universities, the  rise of com puter science as an  

academ ic discipline contribu ted  little to the professionalization of data 

processing. Em ployers look to other m echanism s for insuring  the quality of their 

w orkforce, particu larly  professional certification exam s.

51 Robert Forest, "EDP People: Review and Preview," Datamation 18, 6 (1972), 68.
52 Fred Gruenberger, "Problems and Priorities," Datam ation 18,3 (1972), 49.
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IV. The Certified Public Programmer

In  1962 the  editors of the  da ta  processing trade jo u rn a l D atam ation  called for 

the creation o f a new  technical profession: the certified public  program m er. The 

establishm ent of a rigorous certification program  for com puter personnel, they 

a rgued, w ou ld  help resolve som e of the "m any p rob lem s" that w ere 

"em barrassingly  p rom inent" in  the softw are in d u stry .53 By defin ing  clear 

standards of professional com petency, an  industry-w ide certification program  

w ould  serve several im portan t purposes for the nascen t p rogram m ing  

profession. First, it w ould  establish  a shared  body of abstrac t occupational 

know ledge - a  "hard  core of m u tu a l understand ing" — com m on across the entire 

professional com m unity. Secondly, it w ou ld  help raise the  public 's view  of 

com puting professionals "several im pressive levels from  its cu rren t sta tu re  of 

cautious bew ilderm ent an d  m isin terpretation  to a t least, confused respec t."54 

Finally, and  perhaps m ost significantly, it w ould  enable com puter professionals 

to erect en try  barriers to their increasingly contested occupational territory: 

"W ith a m ounting  tide of inexperienced program m ers, new -born  consultants, 

and  the u n tu to red  outer circle of controllers and  accountants all assum ing

53 Editorial, "Editor's Readout: The Certified Public Programmer," Datamation 8,3 
(1962), 23-24.
54 Ibid.
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greater technical responsibility , a need for qualification of com petence is clearly 

apparen t."55

The D atam ation  ed ito ria l coincided neatly  w ith  the  announcem ent by  the 

N ational M achine A ccountants Association (NM AA) o f their n ew  Certificate in 

D ata Processing (CDP) exam ination. The N M AA, w hich  w o u ld  later that year 

renam e itself the D ata  Processing M anagem ent A ssociation (DPMA), represented 

a lm ost 16,000 d a ta  processing  w orkers in the U n ited  States an d  C anada. The 

N M A A  had  been  w o rk ing  since 1960 to develop the  CDP exam , w hich 

represented  the first a ttem p t b y  a professional association  to establish rigorous 

standards of p rofessional accom plishm ent in  the d a ta  p rocessing  field.

A ccording to their 1962 p ress release, the exam  w as in ten d ed  to "em phasize a 

b road  educational background  as well as know ledge of the field o f data 

processing," and  to rep resen t "a standard  of know ledge for organizing, 

analyzing and  so lv ing  problem s for w hich data  p rocessing  equ ipm ent is 

especially suitable." It w as open  to anyone, N M A A  m em ber or not, w ho had 

com pleted a p rescribed  course of academic study; w ho  h ad  a t least three years 

d irect w ork experience in  punched  card a n d /o r  co m p u ter installations; and  had  

"h igh  character qualifications."56 The educational requ irem en ts w ere w aived

55 Ibid.
56 In response to criticism from the many otherwise qualified programmers who did not 
have formal mathematical training or college-level degrees, the educational
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th ro u g h  the 1965 exam inations, how ever. The exam  included 150 m ultiple 

choice questions on  program m ing , num erical analysis, Boolean algebra, 

applications, e lem entary  cost accounting, English, a n d  basic m athem atics (not 

including  calculus). The first year it w as offered, 1,048 applications took the CDP 

exam ination, 687 successfully.57

The DPM A w as n o t the only organization  in terested  in establishing 

certification s tandards for da ta  processing personnel. Em ployers and  

prog ram m ers alike w ere frustrated  by  the inability  of standard  selection 

m echanism s — such as a college-level m athem atics degree - to tangibly assist in 

the recru itm ent an d  train ing  of program m ers.58 "C ould  you answ er for m e the 

question  as to w h a t in  the eyes of industry  constitu tes a 'qualified' p rogram m er?" 

p leaded  one D atam ation  reader: "W hat education , experience, etc. are 

considered  to satisfy the 'qualified' status?"59 G iven this lack of agreem ent abou t 

w h a t skills and  educational background w ere appropria te  for da ta  processing 

personnel, certification program s prom ised  to guaran tee  at least a basic level of 

com petence. Em ployers v iew ed certification as m eans of screening potential

requirements were suspended until 1965. The other prerequisites -  three year's 
experience and "high character qualifications" -  were so vague as to be almost 
meaningless, and seem to have been only selectively enforced.
57 Datamation Report, "Certificate in Data Processing," Datamation 9, 8 (1963), 59.
58 John Hanke, William Boast, and John Fellers, "Education and Training of a Business 
Programmer," Toumal of Data Management 3,6 (June, 1965), 38-53.
59 John Callahan, "Letter to the editor," Datamation 7, 3 (1961), 7.
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em ployees, evaluating  perform ance, an d  assuring  un ifo rm  p ro d u c t and quality.60 

Program m ers saw  it as a n  indication of professional s ta tu s , a  m eans of assuring 

job security  and  achieving  prom otions, and  a n  a id  to find ing  an d  obtaining new  

positions.61 Furtherm ore, the certification of p rac titioners w as considered one of 

the characteristic functions of any legitim ate profession.62 The establishm ent of a 

successful certification p rogram  w as though t to be the p recond ition  for 

professional recognition.

For m ore th an  a decade the DPM A offered the on ly  real certification option  

available to asp iring  EDP professionals.63 A lthough the  CDP program  was 

criticized by  som e as overly  broad an d  superficial, by  the  end  o f 1965 alm ost 

seven thousand p rog ram m ers had  taken the exam , a n d  the  CDP appeared to be 

w ell tow ards becom ing a  widely-accepted industry  certification standard. Some 

large firms such as State Farm  Insurance, the P ruden tia l Insurance Com pany of 

Am erica, and  the  U.S. A rm y Corps of Engineers ex tended  official recognition to

60 Richard Canning, "The Question of Professionalism," EDP A nalyzer 6,12 (1968), 1.
61 Richard Canning, "The DPMA Certificate in Data Processing," EDP Analyzer'S, 7 
(1965), 1-12.
62 Sidlo, "The Making of a Profession," 366.
63 One of the few real competitors to the CDP was the Basic Programmers Knowledge 
Test (BPKT) developed at the University of Southern California in 1967. One of the 
criticisms that had been frequently leveled against the CDP was that it was broad rather 
than deep, and that its multiple choice format could only test for basic knowledge, not 
general competency. The BKPT was designed to test real-world programming 
proficiency, rather than aptitude or awareness. Although the early success of the BPKT 
prompted the DPMA to introduce its own version of a programming proficiency test, 
the Registered Business Programmers (RBP) examination, neither was widely embraced 
by the business community.
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the CDP program , an d  the  job specification for sen ior d a ta  processing jobs a t a 

W ashington, D.C. consu lting  firm  called for bo th  a college degree and  a CDP. 54 

The city o f M ilw aukee u sed  the CDP as a  m eans to a ssign  pay-grades to da ta  

processing personnel.65 In  1966, the DPM A m oun ted  a  m ajor prom otional 

cam paign  for the CDP p ro g ram  that included press releases, radio 

advertisem ents, an d  television "inform ercials."66

In  1965,6,951 ind iv iduals took the CDP exam ination , a n d  another 4,000 

persons com pleted  CDP refresher courses conducted  b y  local DPMA chapters.67 

By the end  of 1975,31,351 candidates h ad  taken the C D P a n d  15,115 had  been 

aw arded  the certificate.68 A lthough it is difficult to f in d  accurate em ploym ent 

inform ation for softw are w orkers in this period , estim ates from  the Bureau of 

Labor indicate these 15,115 CDP recipients constitu ted  approxim ately  ten  percent 

of the overall p rog ram m ing  com m unity.69 Figure 3.6 show s, for the years 

betw een  1962 an d  1973, the  to ta l num ber of cand idates tak ing  the exam , the total 

num ber of candidates w ho  passed  the exam , and  the cum ulative  num ber of CDP 

holders.

64 J.A. Guerrieri, "Certification: Evolution, Not Revolution," Datamation 14,11 (1973), 
101.

65 DPMA Certificate Panel (1964) Charles Babbage Institute Archives, CBI46, Box 1, Fid. 
17.
66 Charles Babbage Institute Archives, CBI 116, Box 1, Fid. 10.
67 Jerome Geckle, "Letter to the editor," Datamation 11,9 (1965), 12-13.
68 Richard Canning, "Professionalism: Coming or Not?," EDP A n alyzer14, 3 (1975), 1-12.
69 William C. Goodman, "The software and engineering industries: threatened by 
technological change?," M onthly Labor Review, Bureau of Labor Statistics, August 1996.
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CDP R ec ip ien ts , 1961-1973
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Figure 3.6: CDP Recipients, 1961-1973.

Figure 3.6 reveals the m ixed fortunes and  troubled h isto ry  of the CDP

exam ination. The strik ing  early  success of the program , w hich  m ore th an

qu in tup led  in  size in  its first three years, suggests tha t m any  program m ers saw

certification as a n  attractive professional strategy. This corresponds w ell w ith

evidence from  in d u stry  journals an d  o ther docum entary  sources. A  survey  of the

1963 candidates reveals a rem arkable range of background, experience, and
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education.70 For the 1966 exam ination session, how ever, the education 

requirem ents outlined in  the original 1962 p rog ram  announcem ent w ere  finally 

p u t into place. These requirem ents included specific courses in  m ath, English, 

m anagerial accounting, statistics, and  da ta  processing system s. W hereas 

participation  in  the 1965 exam  had jum ped  by  m ore than three hun d red  percent 

from  th e  p rev ious year (possibly in  anticipation of the im position of these 

requirem ents), applications for the 1966 session d ropped  by  alm ost eighty-five 

percent. O f the eighty-eight scheduled exam ination  sites, tw elve w ere d ro p p ed  

for lack of attendance. A  m ajor controversy e ru p ted  w ithin the data  processing 

com m unity, particularly  in  DPM A-oriented publications such as D atam ation  and  

C om puterw orld.

A dvocates of the academ ic requirem ents a rgued  that such requirem ents no t 

only e levated  the status an d  legitimacy of the  CDP, b u t w ere standard  for m ost 

o ther professions, including law, m edicine, engineering, and  accounting. 

O pponents claim ed that the specific course requirem ents w ere am biguous, 

m eaningless, and  irrelevant. The DPMA C om m ittee for Certification, w hich 

adm inistered  the CDP program , w as flooded w ith  letters from  d isgruntled  

applicants requesting  special dispensation. Each case had  to be indiv idually

70 CDP Advisory Council, Minutes of the Third Annual Meeting, Jan 17-18,1964. Charles 
Babbage Institute Archives, CBI 88, Box 2, Fid. 3.

202

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



www.manaraa.com

The Professionalization of Program m ing 203

ev alu a ted .71 In 1966 only 1,005 candidates w ere app roved  to sit for the exam. In 

1967, this num ber d ropped  to 646. This posed  n o t only financial difficulties for 

the DPM A, b u t also p resen ted  a g rave th rea t to the  perceived legitim acy of the 

entire CDP program . Faced w ith  the im m inen t collapse of their m em bership 

suppo rt, the DPMA adm itted  th a t "the  established eligibility requirem ents had  

unintentionally  excluded som e of the peop le  for w hom  the CDP p rog ram  w as 

originally designed."72 The C om m ittee d ro p p ed  the specific course 

requirem ents, p rov id ing  a g randfather clause for those w ith  three years 

experience prior to 1965, and  requ iring  o thers to have only tw o years of post

secondary  education. A pplications for the  1968 exam  session jum ped  back to 

alm ost three thousand.

O ver the next several years, the CDP p rog ram  struggled  to regain  its initial 

m om entum . A nnual enrollm ents d ro p p ed  again  briefly in  1969, then  leveled off 

for the next several years a t about 2,700. In  an  industry  characterized by  rap id  

expansion, this noticeable lack of g row th  represen ted  a clear failure of the CDP 

program . W ith each year CDP holders cam e to represen t a sm aller and  sm aller 

percentage of the program m ing  com m unity. In  1970 the p rog ram  faced yet 

ano ther crisis: the announcem ent th a t a  Bachelor's degree w ould  be required  of

71 Charles Babbage Institute Archives, CBI 116, Box 1, Fid. 26.
72 — , "DPMA Revises CDP Test Requirements," Data M anagement (August 1967), 34- 
35.

203

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



www.manaraa.com

204 From "Black Art" to Industrial Discipline

all CDP candidates, beginning w ith  the 1972 exam ination. Once again  a 

firestorm  of debate  broke out. The DPMA claim ed th a t this new  requirem ent 

m erely  reflected the changing realities of the labor m arket: since a college degree 

h ad  a lready  becom e a d e facto  requirem ent w ith in  the industry , requ iring  

any th ing  less for the CDP w ould  severely underm ine  its legitimacy. The 

resu lting  controversy  h ighlighted already existing tensions w ith in  the da ta  

p rocessing  com m unity , and  further d iv ided  the a lready fragm ented DPM A 

Certification Council (m any of whose ow n m em bers could no t satisfy the  new  

degree requirem ent). N um erous observers called for the DPMA to relinquish 

control o f the  CDP exam ination to an independen t certification au thority . By the 

m iddle of the  1970s it becam e increasingly clear th a t the CDP p rogram  faced 

im m inent d issolution.

In a n  a ttem p t to restore m om entum  to their flagging certification initiative, 

the DPM A joined forces w ith  seven other com puting  societies -  the Association 

for C om puting  M achinery (ACM), the IEEE C om puter Science Society, the 

A ssociation for C om puter Program m ers and  A nalysts (ACPA), the Association 

for E ducations D ata System s (AECS), the A utom ation  One A ssociation (A1A), 

the C anad ian  Inform ation Processing Society (CIPS), and  the Society of Certified 

D ata Processors (SDCP) -  to form  the Institute for Certification of C om puter 

Professionals (ICCP). The DPM A had alw ays been  extrem ely possessive of its
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certification p rog ram , an d  its decision to  relinquish  control to an  independen t 

foundation  reflects a  g row ing  sense of desperation  abou t the fu ture  of the CDP.73 

The ICCP w as charged  w ith  upgrad ing  and  expanding  the CDP program , 

in troducing  n ew  specialized exam inations, an d  p rom oting  professional 

developm ent. In 1973 the ICCP took over responsibility for the CDP 

exam inations. It also w orked  to develop a  code of professional ethics to be 

ad o p ted  by  its m em ber organizations.

The ICCP failed to  revive the CDP or to institu te a m eaningful certification 

p ro g ram  of its own. Because it represented  such a w ide varie ty  of constituents, 

the  ICCP w as h indered  by  the sam e internal divisions th a t p lagued  the larger 

p rog ram m ing  com m unity. Rivalries am ong the constituent m em ber societies, 

m any  of w hom  w ere on ly  superficially com m itted to the concept o f certification, 

doom ed  the o rganization  to internal conflict and  inactivity.74 This failure of the 

various com peting professional associations to cooperate crippled the  ability of 

the  ICCP to develop m eaningful certification standards. N o single p rog ram  w as 

able to reflect the diverse needs of the collective softw are com m unity. 

F urtherm ore, a series o f h ighly  critical assessm ents of the valid ity  of the CDP

73 Letter from R. Hoggings, Charles Babbage Institute Archives, CBI 46, Box 2, Fid. 14.
74 Paul Armer, "Editor's Readout: Suspense Won't Kill Us," Datamation 19, 6 (1973), 53.
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exam inations w eakened  popu lar and  industry  support.75 The ICCP failed to 

p resen t appealing  alternative program s or exam inations, a n d  the organization 

languished  d u ring  the 1970s.

In  response to the  inability of the professional associations to establish 

rigorous certification program s, the Society of Certified D ata Processors (SCDP) 

adop ted  an  approach  to professional s tandards th a t circum vented the ICCP 

altogether: state licensing of com puter professionals. The SCDP w as a grass-roots 

organization  of CD P-holders dedicated to im proving  the s ta tu s and  legitim acy of 

the CDP program . Founded by  the self-proclaim ed gadfly K enniston W. Lord, 

the SCDP frequently  challenged the w isdom  a n d  au thority  o f associations such 

as the  DPM A an d  ICCP. For m any years, Lord an d  his fellow  SCDP m em ber 

A lan Taylor carried  ou t a vituperative verbal cam paign against the DPMA (and 

later the ICCP) in  the  pages of the w eekly new spaper C om puterw orld .76 Taylor, 

a p o p u la r colum nist for C om puterw orld, accused the DPM A of running  the CDP 

exam inations as a p rofit-m aking enterprise ra ther than  as an  independent 

professional developm ent p rogram .77 W hen the SCDP w as den ied  form al 

represen tation  in  the ICCP in 1973, Lord p roposed  w hat w as effectively a 

governm ent takeover of responsibility for p rogram m er certification. Unlike the

75 R.N Reinstedt and Raymond Berger, "Certification: A Suggested Approach to 
Acceptance," Datamation 19,11 (1973), 97-100.
76 Charles Babbage Institute Archives, CBI 88, Box 22, Fid. 22.
77 Charles Babbage Institute Archives, CBI 116, Box 11, Fid. 42.
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certification program s voluntarily  adop ted  by  ind iv iduals an d  associations, 

how ever, governm ent licensing w ou ld  be m andatory . Since it is illegal to 

practice a licensed profession w ith o u t the  p rio r app roval of the  state, en try  into 

th a t profession  cou ld  be tightly  controlled  and  m onitored. L icensing w ould  

p rov ide  b o th  control and  protection, as w ell as a certain  degree of public 

recognition  and  legitimacy.

In  1974, the SCDP developed a m odel licensing bill and  subm itted  it to a 

num ber o f state legislatures. A ccording to its m odel legislation, no person  in a 

sta te  w hich  passes the  SCDP bill could  "practice, continue to practice, offer or 

a ttem p t to  practice data  processing o r any  branch thereof" w ith o u t either 1) 

achieving  a four-year degree in  d a ta  processing a n d  three years related  

experience o r 2) successfully com pleting a certification exam ination  an d  five 

years experience. The bill also p ro v id ed  a five-year w indow  in w hich  those w ith  

tw elve years of experience could be "g randfa thered" into the  profession. 

P ractitioners w ere g ran ted  a 24-m onth grace p erio d  in  w hich  to acquire the 

necessary  qualifications. The legislation covered a w ide  varie ty  of occupational 

activities and  titles, including any  th a t m ade use of the term s "d a ta  processing," 

"d a ta  processing professional," "com puter professional," or any  of their 

derivatives. The sta te  was g iven the  pow er to revoke the certification of any
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reg istrant w ho  com m itted  fraud, w as p roved  gu ilty  o f negligence, o r w ho 

violated the professional code of ethics.78

The p ro p o sed  SCDP legislation is notable as the  o n ly  concerted a ttem p t in 

this period  to encourage governm ent involvem ent in  the  p rog ram m ing  labor 

m arket. In  fact, the specter of externally  im posed s ta te  regu la tion  h ad  often been 

raised as a  p rim ary  justification for establishing certification prog ram s in  the first 

place: since self-regulation w as considered to be one o f the  defin ing 

characteristics of a  profession, su rrendering  control over this function  to the state 

w as essentially  a n  adm ission of defeat. O bservers w a rn e d  th a t the lack of a 

solution from  w ith in  the science w o u ld  resu lt in  a  so lu tio n  im posed  from  

w ithout: "In  several fields, the lack of professional a n d  industria l standards has 

p rom pted  the  governm en t to establish standards."79 Ironically  enough, even the 

defeat o f the  SCDP legislation p roved  hum iliating  to  som e practitioners, the 

state 's unw illingness to legislate DP activities w as perceived  as a slight to the 

entire in d u stry 's  im portance and repu tation .80

A lthough  the  m odel SCDP legislation w as a d o p ted  b y  none of the states to 

w hich it w as subm itted , the fact th a t it w as p ro p o sed  a t  all reveals one of the 

prim ary  shortcom ings of voluntary  certification p ro g ram s such  as the CDP: the

78 SCDP Draft Legislation (1974), Charles Babbage Institute Archives, CBI 116, Box 11, 
Fid. 42.
79 David Ross, "Certification and Accreditation," Datam ation 14, 9 (1968), 183; T.D.C. 
Kuch, "Unions or licensing? or both? or neither?," Lxfosystem s (January 1973), 42-43.
80 Charles Babbage Institute Archives, CBI 116, Box 11, Fid. 42.
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lack of effective m ethods of enforcem ent. The inability, or unw illingness, of 

associations like the ACM  an d  DPM A to self-regulate w as w idely criticized by  

in d u stry  observers. N either group  h ad  ever taken  action against a  m em ber 

accused of frau d  o r negligence, an d  bo th  had  repu tations for being unw illing to 

take s trong  positions on  issues of public in terest or safety. Indeed, the DPMA 

w as unable even to enforce the p ro p er use of the tradem ark. Individuals and  

organ izations w ho abused the CDP designation, either by  claiming to have 

received a CDP w hen  in reality they  h ad  not, or by  institu ting their ow n CDP 

p rogram s, received only ineffective w arn ing  letters. N o legal action appears to 

have been  taken.81 A ccording to SCDP p residen t K enniston W. Lord, the 

inability  of the profession to regulate its ow n activities justified drastic action in 

regard  to state licensing:

... one does no t tru ly  have a profession until one has the ability, legally, to 
challenge a practitioner and  w hen  proven  guilty, to see tha t he is 
separa ted  from  the practice ... There are several sets of codes of ethics in 
existence, all reasonable though t o u t ... and  all m issing one key elem ent — 
teeth. O r m ore specifically, leverage. Proved violations can lead to the 
rem oval o f a certificate or the slapping  of hands, b u t beyond that, nothing. 
This is one problem  th a t the SDCP bill w ill solve.82

The lack of ability and  w illingness of the DPM A to equip its certification 

p ro g ram  w ith  "teeth" w as n o t the only reason w hy  the CDP failed to achieve 

w idesp read  industry  acceptance, how ever. The p rogram  had  other

81 Charles Babbage Institute Archives, CBI 88, Box 18, Fid. 26.
82 Kenneth W. Lord, quoted in R. Canning, "Professionalism — Coming or Not?"
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shortcom ings as well. From  alm ost the very  beginning the exam inations h ad  

been  tain ted by  accusations of fraud  and  incom petent adm inistration . In  1966 

several individuals reported  receiving offers from  an existing CDP holder to take 

their exam inations for them  for a fee.83 A copy of the 1965 exam  w as stolen from  

a  locked storage cabinet a t California State College, and  its d isappearance w as 

covered up by  the  DPMA Com m ittee for Certification.84 C om plaints abou t 

testing  conditions and  locations w ere frequent and  vociferous. For exam ple, a t 

one exam ination site a t the U niversity  of M innesota, the noise caused by  nearby 

d ram a club rehearsal of a sw ord  fight scene "w as so severe as to show er the 

room  w ith  particles of p laster."85 O ther exam inees suggested  th a t poorly  trained 

proctors ("the little o ld  lady  w ho passed o u t the  papers") w ere  no t only unable to 

answ er even basic questions abou t content an d  procedure, b u t  in  som e cases 

sw itched room s w ithou t notice, started  sessions early for personal convenience, 

an d  m isplaced com pleted exam ination booklets.86 A lthough such adm inistrative 

snafus w ere h ard ly  unique to the CDP program , they underm ined  public 

confidence in  the ability of the DPMA to adequately  rep resen t the profession.

83 DPMA Board of Directors, 9th Meeting, March 11-12,1966. Charles Babbage Institute 
Archives, CBI 88, Box 2, Fid. 7.
84 DPMA Board of Directors, 12th meeting, 1967 Las Vegas. Charles Babbage Institute 
Archives, CBI 88, Box 2, Fid. 8.
85 Ibid.
86 Charles Babbage Institute Archives, CBI 116, Box 1, Fid. 9.
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A nother reason  w hy  the DPMA w as unable to p u sh  th ro u g h  its certification 

initiative w as a  lack of su p p o rt from  o ther p rofessional associations. A 1968 

article on  certification and  accreditation in  the C om m unications o f  the A C M  

failed to m en tion  the CDP program . This conspicuous neglect of the m ost 

successful certification p rogram  th en  available reflects a  g row ing  tension 

betw een the  tw o com peting  professional associations. The ACM  recognized tha t 

a  successful certification p rogram  required  a  s trong  contro lling  organization.

The organ ization  tha t controlled certification w o u ld  effectively control the 

profession. Indeed , the 1959 proposal tha t launched the CDP program  suggested  

th a t "The first association to undertake a Data Processor’s Certificate is going to 

be  the lead ing  association in  the d a ta  processing field."87 O pposed  to the idea 

th a t this contro lling  organization could  be any th ing  b u t the ACM , the Executive 

Council of the  ACM  w orked  to underm ine the efforts of the  DPM A at every 

occasion. In  1966 the Council considered a resolu tion , clearly aim ed a t the CDP, 

to "w arn em ployers against relying on  exam inations designed  for 

subprofessionals or professionals as p rov id ing  an  index  of professional 

com petence."88 Later th a t year they  established a C om m ittee to Investigate the

87 The Certificate and Undergraduate Program (1959), Charles Babbage Institute 
Archives, CBI 46, Box 1, Fid. 13.
88 Notes on ACM (1966) Charles Babbage Institute Archives, CBI 46, Box 1, Fid. 3. An 
early draft of this document referred specifically throughout to the "DPMA certification 
program." Although the final version referred only to certification programs in the 
abstract, the target of its attacks was obviously the CDP.
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Im plications of the CDP. The first o rd er of business for the Com m ittee w as the 

d rafting  of a strongly w o rd ed  objection to  the use of the w o rd  "professional" in 

association w ith  the D PM A exam , a n d  the w ord ing  of subsequent exam  and  

p rog ram  literature elim inated all references to such language: CDP therefore 

cam e to stand  for "C ertified D ata Processor," ra ther than  "Certified D ata 

Professional."89 Even th is m odest acronym  w as offensive to som e professional 

groups. A  m em ber of a  SHARE (an influential IBM users group) panel on  

certification w as "d istu rbed  to read  [the] sta tem ent th a t m any  DPMA certificate 

ho lders are beginning to  use the initials "CDP" in  their titles." Such pretentious 

behavior, he suggested, "w ill quickly b rin g  d ow n  u p o n  DPM A the w ra th  of 

o ther professions. It is p robably  illegal in  som e states. I fail to see how  it  can 

conceivably benefit the cause of professionalism  w hich  DPM A and  o thers of us 

are  w orking  tow ard ."90 A lthough  the DPM A insisted tha t "m any persons who 

use the CDP initials do  so m ore to  publicize the certification program ," than  to 

p rom ote  their ow n personal interests, p ressure  from  com peting associations 

forced them  to abandon  m any of their m ore am bitious claims for the CDP 

p ro g ram .91 A 1966 sta tem en t conceded th a t " it w ou ld  be p resum ptuous a t this 

early  stage in the p rog ram  to suggest th a t CDP represents the assurance of

89 DPMA Board of Directors, 10th meeting, 1966. Charles Babbage Institute Archives, CBI 
88, Box 2, Fid. 7.
90 Letter from Jack Yarbrough, Charles Babbage Institute Archives, CBI 46, Box 1, Fid. 17.
91 Charles Babbage Institute Archives, CBI 46, Box 1, Fid. 16.
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com petence, o r tha t the Certificate shou ld  be considered as a requirem ent for 

em ploym ent o r p rom otion  in  the field."92 It  is no w onder that so m any  em ployers 

an d  practitioners lost confidence in the ability  of the DPM A to successfully 

adm inister a n  industry-w ide certification program .

A n even  m ore troublesom e problem  for the DPM A was resistance from  their 

p rim ary  constituency to their p roposed  educational requirem ents. The original 

CDP announcem ent included a  list of specific academ ic prerequisites, including 

college-level courses in  m ath, English, m anagerial accounting, statistics, and  data  

processing system s, as w ell as eight o u t o f seventeen possible electives.93 M any 

of the practicing EDP specialists who form ed the core of the DPM A m em bership 

saw  such requirem ents as being irrelevant, unattainable, or both. W hen the 

educational requirem ents w ere first enforced in  1966, applications d ropped  by  

m ore th an  eighty-five percent, never to  recover.

The problem  w as no t only that the n ew  educational requirem ents w ere 

overly  stringen t for m any aspiring EDP professionals; they  w ere also entirely  too 

specific. W hat exactly counted as a m ath, English, or m anagerial accounting 

course? C ourse titles and  descriptions varied  greatly  by  institution. Each 

application h a d  to be evaluated indiv idually  to determ ine w hich courses 

legitim ately counted tow ards the requirem ent. The Com m ittee for C ertification

92 Charles Babbage Institute Archives, CBI 46, Box 1, Fid. 3.
93 Datamation Report, "Certificate in Data Processing," 59.
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w as im m ediately  overw helm ed w ith  paperw ork : com plaints, transcrip ts, notes 

from  faculty, requests for exem ptions, e t cetera. This w as in  add ition  to the 

m assive efforts requ ired  to assure th a t each candidate  h ad  the  requisite three 

years' w o rk  experience and  "h igh  character qualifications."94 The situation  

quickly tu rn ed  into an  adm inistrative n igh tm are  for DPM A officials. The specific 

course p rerequisites w ere soon replaced w ith  a  m ore stra igh tfo rw ard , although 

no  less controversial, tw o-year college requirem ent. W hen this p rerequ isite  was 

m odified  to a  four-year degree in  1972, o pposition  becam e even  m ore vociferous. 

The h ead  of the W est Tennessee chapter of the  DPMA w ro te  to com plain  that he, 

a long  w ith  abou t 1 /3  of his chapter's m em bership , h ad  su d d en ly  becom e 

ineligible to receive the CDP. A 1970 C om pu terw orld  su rv ey  ind icated  that 

m any  practitioners felt the new  requ irem ent "u n d u ly  h arsh"  and  "ludicrous," 

believing th a t it w ould  decim ate the da ta  processing staffs o f m any  sm aller 

departm en ts. The alw ays outspoken H erbert R. G rosch (him self a  PhD  

astronom er an d  future ACM  president) declared  tha t "This policy is very  ill- 

advised . W hat the hell is so ho t about college - it tu rns o u t a  b unch  of 

knuckleheads - and  a knucklehead PhD is n o  better th a t a  knucklehead  CDP."95

94 It is unclear exactly what was meant by this requirement. It does appear that certain 
candidates were eliminated on the basis of having misrepresented their qualifications or 
having committed fraud or other crimes, but no written standards for the "high 
character qualification" seem to have existed.
93 C om puterworld August 19,1970. Charles Babbage Institute Archives, CBI116, Box 1,
Fid. 27.
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D espite the strong  negative reaction  generated  b y  these educational 

requirem ents, the DPMA leadership  con tinued  to insist o n  their necessity. Such 

requirem ents h ad  alw ays been considered  an  essential com ponent o f the 

D PM A 's professionalization program : only  by  defining a "s tan d ard  of 

know ledge for organizing, analyzing, an d  solving problem s for w h ich  data  

p rocessing  equipm ent is especially su itab le" could program m ers ev er hope to 

d istingu ish  them selves from  m ere technicians or o ther "sub-professionals."96 

Like the academ ic com puter scientists, business p rogram m ers recognized  the 

n eed  for a foundational body  of abstrac t know ledge o n  w hich  to construct their 

profession; they differed only ab o u t w h a t tha t relevant foundation  o f know ledge 

shou ld  include. In  insisting on  stro n g  educational standards, the DPM A  w as in 

com plete accord w ith  the conventional w isdom  of the con tem porary  

professionalization literature.97 A n d  b y  the end of the 1960s, it w as tru e  that 

m any  em ployers d id  prefer to h ire  college graduates — although  n o t necessarily 

com puter science or data processing g raduates - for entry-level p rog ram m ing  

positions.98 According to a  s tu d y  p ub lished  in  Septem ber 1968, by  th e  Office of 

E ducation, U.S. D epartm ent of H ealth , Education and  W elfare, 61% of 353 

business da ta  processing m anagers su rveyed  preferred  th a t p rog ram m ers have a

96 Alex Orden, "The Emergence of a Profession," Communications oftheACM lQ, 3 
(1967), 145-146.
97 Sidlo, "The Making of a Profession," 367.
98 Edward Menkhaus, "EDP: Nice W ork If You Can Get It," Business Autom ation 
(March 1969), 43.
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college degree. O ver 60% indicated th a t education background w as a substantial 

factor in  determ ining  a p rogram m er's chances for prom otion.99 As a recession h it 

the  in d u stry  in  the early  p a r t  of the 1970s, this trend  became even m ore 

p ronounced .100 A n asp iring  EDP school g raduate, even  w ith  a CDP certificate, 

h a d  little chance of b reak ing  into d a ta  processing w ithou t a college degree. As 

one of these indiv iduals lam ented, "They to ld  m e 80% of all p rogram m ers d on 't 

h ave  a college degree. N ow  everyw here I go I'm  to ld  they 're sorry b u t they  only 

w a n t college peop le ."101 A lthough the D PM A 's decision to raise the educational 

requirem ents for the CDP w as highly controversial, it was also probably 

justified.

U ltim ately, how ever, the DPMA n ever m anaged  to convince em ployers and  

practitioners of the relevance of their educational standards, nor, for that m atter, 

of their certification exams. N either g roup  w as convinced th a t a CDP m eant 

m uch  in  term s of fu ture  perform ance. The DPMA Certification Council w as no t 

even  able to pass a  reso lu tion  requiring  its ow n officials to possess the CDP.102 In 

1971, the Certification Council decided to drop  the baccalaureate degree 

requirem ent. A lthough  this decision w as a response to pressure from  w ith in  the 

d a ta  processing com m unity, it w as w idely  regarded  a sign of w eakness rather

99 Thomas White, "The 70’s: People," Datamation 16, 7 (1973), 42-43.
100 Robert Forest, "EDP People: Review and Preview," Datamation 18, 6 (1972), 68.
101 Edward Markham, "Selecting a Private EDP School," Datamation 14,5 (1968), 33.
102 Executive Meeting Summary (1966). Charles Babbage Institute Archives, CBI46, Box 
1, Fid. 3.
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th an  judicious concession.103 As the  director o f the com puting cen ter a t  Virginia 

Tech w ro te  to the p residen t o f the  local DPM A chapter, "the rem oval of the 

degree requirem ent has forced all of us to consider the a tta inm en t o f the  CDP not 

as an extension of our norm al academ ic and  w ork  experience, b u t, as a  m atter of 

fact, som ething  quite inferior to e ither one."104 H is letter p rov ides a stinging b u t 

accurate indictm ent of the failure of the CDP p rogram  to achieve w idespread  

acceptance and  legitimacy:

M y experience indicates th a t people seek certification from  their 
professional peer g roup  for only tw o reasons. Either it is requ ired  by law 
or the individual feels th a t the m ark  of acceptance s tam p ed  u p o n  him  by 
his peer group is sufficiently im portan t to be w orthy  of th e  ex tra  effort to 
achieve that certification. U nfortunately , in the data  p rocessing  profession, 
m any, certainly m ost, of the  people w e recognize as ou ts tan d in g  
professional achievers an d  accom plishes, do no t ho ld  the  C D P.105

One of the major criticisms leveled against the CDP exam ination  by  

em ployers and  data  processing m anagers w as tha t it tested "fam iliarity" rather 

th an  com petence.106 It was n o t clear to m any observers w hat skills a n d  abilities 

the CDP w as actually in tended  to certify: "the presen t DPMA exam ination  

m easures b read th  of da ta  processing  experience b u t does no t m easure  dep th  ... It 

certainly does no t m easure or qualify  p rogram m ing  ability. It m akes no  pretense

103 Charles Babbage Institute Archives, CBI 88, Box 18, Fid. 28
104 Ibid.
105 Ibid.
106 Canning, "The DPMA Certificate in Data Processing."
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o f being any  m easure  of m anagem ent skills."107 The p ro b lem  w as a fam iliar one 

for the industry : a lthough  m o st em ployers in  this p e rio d  believed  th a t only 

"com petent" p rogram m ers w ere  could develop quality  softw are, no  one agreed 

o n  w hat know ledge and  abilities constitu ted  "com petence."108 A s Fred 

G ruenberger suggested  a t a  1975 RAND sym posium  o n  certification issues, "I 

have the fear th a t som eone w ho  has passed  the certify ing exam s has e ither been 

certified in  the  w ro n g  th ings (w rong  to m e, to be sure) o r he has b een  tuned  to 

pass the diagnostics, and  in  e ither case I d istru st the w ho le  affair."109 H is attitude 

reflects the am bivalence th a t m any  observers in this p e rio d  felt abou t 

contem porary  DP train ing  an d  educational practices. If d a ta  processing w as 

sim ply a "m iscellaneous collection of techniques ap p lied  to business, technology 

an d  science," ra th er than  a  un ique  discipline requ iring  special know ledge and 

experience, then  no certification exam  could possibly te s t for the  b ro ad  range of 

skills associated w ith  "general business know ledge." "G iven the choice betw een 

tw o people from  the sam e school, one of w hom  has the  CDP, b u t the other 

appears b righ ter,"  G ruenberger argued , "I'll take the b rig h te r guy ."  110

107 Canning, "The DPMA Certificate in Data Processing"; Jack Yarbrough, Charles 
Babbage Institute Archives, CBI 46, Box 1, Rd. 17.
108 Milt Stone, "In Search of an Identity," Datamation 18,3 (1972), 53-54.
109 RAND Symposium, ""Problems of the ARPS Societies Revisited" (1975). Charles 
Babbage Institute Archives, CBI 78, Box 3, Rd. 7.
110 Ibid.
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A lthough  the DPM A revised a n d  updated  its exam inations annually , and 

eventually  in troduced  a  R egistered Business P rogram m ers (RPB) exam  intended 

specifically for p rogram m ers, it w as never able to convince the in d u stry  of the 

relevance of its certification program s. One DP m anager suggested  th a t the CDP 

w as a t  best "a m inor p lus for the person  w ho can m easu re  u p  to o ther 

standards,"  b u t  th a t it w o u ld  never be considered a  "rea l"  qualification for 

em ploym ent.111 A nother w arned  o f a  "lack of confidence" in  the  valid ity  of the 

CDP exam: "I do  n o t expect to ap p ly  for a CDP o r to  use  the possession of a CDP 

as a criterion for em ploym ent."112 Still another resen ted  a  perceived a ttem p t on 

the  p a r t  of the DPM A to foster a "closed shop" m entality , p rom ising  to "continue 

to regard  the  CDP ho lder w ith  suspicion as to m otive an d  qualification, the level 

of suspicion being  in  inverse p roportion  to the date  o f the certificate."113 In the 

absence of a s trong  com m itm ent to the CDP on  the p a r t  of em ployers, m any 

p rogram m ers saw  little benefit in  participating in  the  p rogram . Those w ho did 

w ere  increasingly self-selected from  the lowest ranks of the  labor pool, 

ind iv iduals for w hom  the  CDP w as a perceived substitu te  for experience and 

education.

111 DPMA Certificate Panel (1964). Charles Babbage Institute Archives, CBI 46, Box 1, Fid. 
17.
112 Letter to Computerworld from Arthur Kaupe, March 1,1972. Charles Babbage 
Institute Archives, CBI 116, Box 1, Fid. 33.
113 Com puterworld. Charles Babbage Institute Archives, CBI 116, Box 1, Rd. 30.
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V. Professional Associations

In  the sp ring  of 1975, on  the  eve of the annual N ational C om pu te r 

Conference, a  sm all group of the  elite leaders of the com puting  com m unity  m et 

in  a  nondescrip t conference ro o m  in  a Q uality  Inn  in A naheim , California to 

discuss the  fu tu re  o f the com puting  profession. Similar m eetings h a d  been 

convened every year for the p rev ious two decades, alw ays w ith  the  in tent to 

address the m ost pressing issues facing the com puting com m unity . A lthough 

the specific com position of the g roup  changed from  year to year, the  attendees 

alw ays rep resen ted  the h ighest levels of leadership in the discipline: aw ard- 

w inning  com puter scientists, successful business entrepreneurs, association 

presiden ts, prolific authors. The cum ulative list of participants reads like a 

W ho 's W ho of the com puting  industry: Gene A m dahl, Paul A rm er, H erbert 

Bright, H ow ard  Bromberg, R ichard Canning, H erb Grosch, F red  G ruenberger, 

R ichard H am m ing, J.C.R. Licklider, Daniel D. McCracken, A.G. O ettinger, 

Seym our Papert, and  Joseph W eizenbaum , am ong m any o thers. This particular 

m eeting included high-ranking representatives from  all of the m ajor professional 

societies: the Association for C om puting  M achinery (ACM), the  D ata Processing 

M anagem ent A ssociation (DPMA), the IEEE C om puter Society, an d  the Institute 

for the Certification of C om puter Professionals (ICCP). These societies 

represen ted  the largest and m o st influential constituent m em bers o f the um brella
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organization  the A m erican Federation  of Inform ation Processing Societies 

(AFIPS). O n  the  agenda w as a  discussion of the role of AFIPS in the professional 

developm ent of the  discipline.

AFIPS h ad  been  founded  in  1961 as a society of societies. The im m ediate 

goal w as to p rov ide  an  A m erican representative to the upcom ing  International 

Federation of Inform ation Processing (iFiP) conference. IFIP h ad  been 

established several years earlier u n d er the aegis of UNESCO (the U nited N ations 

Educational, Scientific, an d  C ultu ra l O rganization). Beginning in 1959, IFIP 

hosted  an  annual in ternational conference on  com puting. Each m em ber nation  

w as allow ed to send  representatives from  a sin g le  organization. Since the U nited  

States h ad  no single organization  th a t spoke for its com puting  com m unity,

AFIPS w as created to represen t three of the largest com puter-related societies: 

the Association for C om puting  M achinery (ACM), the A m erican Institute of 

Electrical Engineers (AIEE), an d  the Institu te  of Radio Engineers (IRE).114 It w as 

ho p ed  th a t AFIPS w ould  eventually  come to serve as the single national 

spokesm an for com puter interests in  the U nited  States.115

From  the very  beginning, AFIPS w as a d isappoin tm ent. AFIPS d id  represen t 

the  U nited States a t  the annual IFIP m eeting. It w as g iven  control over the

114 The AIEE and IRE later merged into the IEEE.
115 Willis Ware, "AFIPS in Retrospect," Annals o f the H istory o f Com puting^, 3 (1986), 
304.
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lucrative Jo in t C om pu te r Conferences, b u t beyond  that, it p ro v ed  incapable of 

serving as " the  voice of the com puting profession in  A m erica."116 It w as crippled 

by  a w eak charter a n d  a lack of tangible su p p o rt from  its found ing  societies. 

AFIPS w as a  society o f societies, no t a society of m em bers, and  w as therefore 

dependen t o n  an d  subserv ien t to the interests of its constituen t societies, rather 

than  to the larger com pu ting  com m unity. In  add ition , several obvious candidates 

for m em bership , inc lud ing  the Data Processing M anagem ent A ssocation 

(DPMA) h ad  been  conspicuously  excluded from  participation , a n d  the AFIPS 

voting structure  m ade  it obvious th a t additional m em bers w o u ld  be 

unw elcom e.117 E ven m ore lim iting w as a clause in  the  constitu tion , insisted on 

by  the ACM  as an  essential precondition for its su p p o rt, p roh ib iting  AFIPS from  

placing itself " in  d irec t com petition w ith  the activities o f its m em ber societies."118 

A lthough the constitu tion  w as revised in 1969 to p ro v id e  for stronger leadership 

and  a  m ore inclusive atm osphere, AFIPS continued  to struggle for suppo rt and 

recognition. The DPM A  d id  n o t join until 1974, for exam ple, an d  even  then 

w ithou t m uch  enthusiasm . The 1975 gathering of the  com puting  elite a t the

116 ARP A survey, 1968 (reference in AFIPS consitution letter, Communications ACM, 
March 1969). The East and West Joint Computer Conferences were lucrative annual 
trade shows.
117 Bernard Galler, "The AFIPS Constitution (President's Letter to ACM Membership)," 
Communications o f the ACM Y1, 3 (1969), 188.
11 8---- , "Reflections on a Quarter-Century: AFIPS Founders," Annals o f  the H istory o f
Com puting^, 3 (1986), 225-260.
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Q uality  Inn  in  A naheim  represen ted  one of the m any  attem pts to reinvigorate 

in terest in  this a iling  association.119

The transcrip ts of the  1975 m eeting are revealing. The existence of a 

pow erfu l professional association w as obviously considered  by  the elite 

leadership of the  com puting  com m unity  to be the cornerstone of a strong 

professional iden tity . A fter all, a rgued  one ACM  editorial, "Professions are 

organized, established  an d  directed b y  professional societies; o u r Association 

shou ld  represen t o u r profession."120 C onstant references w ere  m ade to the role 

th a t the A m erican M edical Association (AMA) p layed  in  the advancem ent of the 

m edical profession. The AM A prov ided  tangible benefits to its m em bership: it 

m aintained s tan d ard s  an d  controlled access to the profession; it p rotected them  

from  adverse legislation; it p rov ided  for public relations; it allow ed for self

regulation. N o t incidentally , it also served a valuable social function, providing 

sta tus and  privilege. In  an y  case, strong  national associations had  served law 

an d  m edicine qu ite  nicely: w ho could doub t th a t they  w o u ld  do  the same for the 

com puting professions?121

119 In 1989, just two years after celebrating its twenty-fifth anniversary, AFIPS voted itself 
out of existence. The loss of control over the lucrative National Computing Conferences 
left it financially unstable and without any clear means of support. Few in the 
community m ourned its passing.
12 0-----, "Will you vote for an association name change to ACIS?," Communications o f
the ACM S, 7 (1965), 424.
121 "Problems of the AFIPS Societies Revisited," Charles Babbage Institute Archives, CBI 
78, Box 3, Fid. 7.

223

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



www.manaraa.com

224 From "Black Art" to Industrial D iscipline

D espite a general ag reem ent on  the value of professional associations, a t 

least w ith in  the confines of the  Q uality  Inn  conference room , the  debate  about the 

role an d  future of AFIPS w as surprisingly  contentious. R ivalries be tw een  the 

m em ber societies, particu larly  ACM and  the DPMA, w ere an  endem ic problem . 

Participants disagreed over m em bership qualifications, dues, vo ting  privileges, 

and  certification and  licensing proposals. M ore im portant, how ever, w as the 

lack of w idespread  p o p u lar su p p o rt for these associations. A 1967 D atam ation  

article indicated tha t "Less th an  40% [of program m ers] belong to any  

professional association. Probably less than  1% do any th ing  in  connection w ith  

an  association that requires a n  extra effort on the indiv idual's p a rt."122 Even 

these low  figures w ere p robab ly  inflated: a  W all Street Journal rep o rt from  the 

next year revealed only  th a t 13% of the data  processing personnel surveyed  

belonged to any professional society.123 These num bers correspond  w ell w ith  the 

low  level of interest in  the CDP certification program .124 A lthough  it is difficult 

to com pile exact figures o n  association m em bership, it is clear th a t a t best only a 

sm all percentage of the eligible popu lation  chose to participate in  any  

professional society.

122 Richard Jones, "A time to assume responsibility," Datamation 13,9 (1967), 160.
123 "Survey on Use of Service Bureaus," W all Street Journal (1969). Charles Babbage 
Institute Archives, CBI 80, Box 30, Fid. 29.
124 See Figure 3.6 above.
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If s trong  professional associations w ere w idely  perceived  to  be an  im portan t 

elem ent of p rofessional identity , w hy d id  g roups like the ACM , DPMA, and  

AFIPS have such  difficulty attracting and  keeping  m em bers? AFIPS h ad  som e 

obvious struc tu ra l prob lem s that alm ost assu red  its ineffectiveness. Indiv iduals 

could n o t d irectly  jo in  AFIPS; it was m erely an  um brella  o rgan ization  for o ther 

associations, and  possessed  little real authority . B ut w h a t ab o u t the ACM  an d  

the DPMA, the tw o largest relevant m em ber societies? Both o f these groups 

w ere established early , w ere relatively high-profile, an d  p ub lished  their ow n 

w idely  d istribu ted  journals. Both w ere frequently  m en tioned  as candidates for 

the position  of th e  p rofessional com puting association. Yet ne ither w as able to 

consolidate their contro l over any significant p o rtio n  of the d iscipline's 

practitioners. The reasons behind  their failure su g g est the lim itations of 

professional associations as a n  institutional so lu tion  to the softw are crisis.

The Association for Computing Machinery

O n January  10,1947, a t the Sym posium  on Large-Scale D igital Calculating 

M achinery a t the H arv ard  C om putation L aboratory , Professor Sam uel C aldw ell 

of MIT proposed  to a crow d of more than  three h u n d re d  the form ation  of a n ew  

association of those in terested  in com puting m achinery. H is p roposal obviously 

landed  on  fertile soil: w ith in  six m onths a  "N otice o n  the O rganization  of an  

Eastern A ssociation for C om puting M achinery" w as c irculating w ith in  the
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com puting com m unity , and  in  Septem ber the  first m eeting  of the Eastern 

A ssociation for C om puting  M achinery w as held  a t C olum bia University. 

Seventy-eight ind iv iduals a ttended . Officers w ere elected, an d  an  Executive 

Council appo in ted . A  second m eeting, he ld  in  D ecem ber a t the A berdeen 

Proving G rounds in  M aryland attracted  three h u n d re d  participants. The next 

year the o rgan ization  d ropped  the  w ord  "E astern" from  its title, and  w as 

thereafter k n o w n  as the ACM.

D uring th e  1950s the ACM  grew  steadily  b u t n o t spectacularly. By 1951 

there w ere 1113 m em bers, including  43 in  o ther countries; in  1956, the total had  

risen to 2305, a n d  b y  1959 h ad  reached 5254. In  the  1960s, m em bership g rew  

som ew hat m ore slow ly, and  there  w ere a  few  periods d u rin g  w hich the to tal 

num ber of m em bers actually decreased. O verall, how ever, the  ACM continued 

to expand a t a  ra te  of about 16% annually. By the end  of 1969 there w ere 22,761 

regular m em bers. Figure 3.7 show s the annual m em bership  statistics for the 

years 1947-1972.125

125 ACM 15 years. Charles Babbage Institute Archives, CBI 23, Box 1, Fid. 5.
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Figure 3.7: Association for Computer Machinery Membership, 1961-1973.

From  its inception the ACM  sty led  itself as an  academ ically-oriented

organization. M any of the original m em bers either w ere or h ad  been  associated

w ith  a  m ajor university  com putation  project, and  m ost w ere university  educated,

a num ber a t the graduate  level. The focus of the organization 's early  activities

w ere a  series of national conferences, the first of w hich w as co-sponsored by  the

Institu te  for N um erical A nalysis a t the U niversity  of California - Los Angeles.

These m eetings represented an  ou tg row th  of an  earlier series of university-

sponsored  conferences, and  they  retained  an  academ ic character. M any were

low -budget affairs held a t universities or research institutions, an d  frequently

m ade use of dorm itory  facilities. The papers p resented  w ere usually  technical,

227

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



www.manaraa.com

228 From "Black Art" to Industrial D iscipline

and  the  p roceedings w ere published. The A CM  conferences never acquired  the 

trade-show  atm osphere that characterized o th er national m eetings. In  fact, 

deliberate efforts w ere m ade to distance the A CM  from  the influence o f the 

com m ercial vendors, particularly IBM.126 For m any  years the  ACM  resisted 

pub lish ing  its o w n  journal, possibly because "som e early  ACM  leaders saw  the 

society as a declaration of independence from  IBM, and , b y  extension, from  all 

com m ercial considerations like the sale of publications an d  the solicitation of 

advertising ."127 U ntil 1953, w hen  it began pub lish ing  the  Journal o f  th e ACM , the 

ACM  exclusively supported  the N ational R esearch C ouncil's highly-technical 

journal M athem atical Tables an d O ther A id s to  C om putation . Even then , the 

p rim ary  contents of the Journal w ere  theoretical papers, an d  the em phasis w as 

on  the d issem ination of "inform ation about com puting  m achinery  in  the  best 

scientific trad ition ."128 Articles w ere peer-review ed, an d  every  a ttem p t w as 

m ade to m aintain  rigorous academ ic standards.

T hroughou t the 1950s and  '60s the ACM  con tinued  to cultivate its 

relationship w ith  the academic com m unity. In  1954 it accepted an  invita tion  to 

apply  for m em bership in  the A m erican A ssociation for the  A dvancem ent of

125 Particularly the National Computer Conference, which became almost entirely
commercial, resembling a trade show much more than an academic conference.
127 Eric Weiss, "Publications in Computing: An Informal Review," Communications o f 
the A C M 15,7  (1972).
128 Saul Gass, "ACM class structure (letter to editor)," Communications o f the ACM 2,5 
(1959), 4.
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Science. Since 1958 the A CM  has been rep resen ted  in  the M athem atical Sciences 

Division o f the N ational A cadem y of Sciences N ational Research Council. In  

1962 it affiliated w ith  the Conference B oard of the M athem atical Sciences, w hich 

also consisted  o f the A m erican M athem atical Society, the M athem atical 

A ssociation of Am erica, the  Society for Industria l and  A pplied M athem atics, and  

the Institu te  of M athem atical Statistics. In  1966, the ACM established the 

p restig ious T uring  A w ard, the highest ho n o r aw arded  in com puter science. 

A lm ost ha lf of the  institu tional m em bers o f the  ACM  were educational 

o rganizations, an d  after 1962 a thriving s tu d e n t m em bership p rogram  w as 

developed .129

T he close association th a t the ACM  m ain tained  w ith  the academ ic 

com puter scientist p roved  a mixed blessing, how ever. A lthough the ACM  w as 

able to m ain ta in  a relatively high-profile w ith in  scientific and  m athem atical 

circles, it w as often  castigated by the business com m unity. M any business 

p rogram m ers looked u p o n  the ACM as "a  so rt of holier than  thou  academ ic 

intellectual so rt of enterprise - not inclined to be m essing around  w ith  the 

garbage th a t com ptrollers w orry  about," an d  the ACM  leadership w as 

characterized as "a bunch of guys w ith  the ir heads in  the clouds w orry ing  abou t

129 Charles Babbage Institute Archives, CBI 88, Box 22, Fid. 1; Charles Babbage Institute 
Archives, CBI 23, Box 1, Fid. 15.

229

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



www.manaraa.com

230 From "Black Art" to Industrial D iscipline

Tchebysheff polynom ials a n d  things like tha t."130 A 1963 D atam ation  article on  

"The Cost of P rofessionalism " w arned  th a t the m em bers of the  ACM  had  to 

"decide w hether it's w o rth  th a t m uch to belong to an  o rgan ization  which m any  

feel has been  dom ina ted  b y  - an d  catered p re tty  m uch to- Ph.D. m athem aticians 

... the A ssociation tends to look dow n  its nose a t business d a ta  processing types 

w hile claim ing to rep resen t the whole, w ide w onderful w orld  of com puting. "131 

A  1966 D iebold G roup  publication  characterized the ACM  as a  group  "w hose 

interests are p rim arily  academ ic and  w hich  is helpful to those w ith  scholastic 

backgrounds, theoreticians of m ethodology, scientific p rog ram m ers and softw are 

people." A lthough  the A C M  presiden t im m ediately den ied  th is characterization, 

calling it "too narrow ,"  the  popu lar perception  that the ACM  catered solely to 

academ ics w as difficult to counter.132

The ACM  leadersh ip  w as no t entirely  unaw are of or unsym pathetic  to the  

needs of the business p rogram m ers. In  his unsuccessful 1959 b id  for the ACM  

presidency, Paul A rm er u rg ed  the ACM  m em bership to "TH IN K  BIG," to " 

visualize ACM  as the p rofessional society unifying a ll com pu ter users."133 T hat 

sam e year, H erbert G rosch, an  outspoken proponen t of a strong , AM A-style

130 Rand Symposium, 1969. Charles Babbage Institute Archives, CBI 78, Box 3, Fid. 4.
131 Datamation Editorial, "The Cost of Professionalism," Datamation 9,10 (1963), 23.
132 Anthony Oettinger, "On ACM's Responsibility (President's Letter to ACM 
Membership) (1966)," Communications o f the ACM 9, 8 (1966), 545-546.
133 Paul Armer, "Thinking Big (letter to editor)," Communications ofih eA C M I, 1 
(1959), 2. Emphasis mine.
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professional society, ro u n d ly  criticized the ACM  for its academ ic parochialism: 

"Inform ation processing is as broad as our culture an d  as deep as interplanetary 

space. To allow  narrow  interests, pioneering though  they  m igh t have been, to 

p reem p t the nam e, to relegate n inety percent of the field to 'an  exercise left to the 

reader,' w ou ld  be d isastrous to the underlying un ity  of the  n ew  inform ation 

sciences."134 Several a ttem pts w ere m ade du ring  the nex t decade to m ake the 

ACM  m ore relevant to the business com m unity. In  response to w idespread  

criticism  of the theoretical orientation of the Journal o f  the A C M , a new  

publication, the C om m unications o f the ACM , w as in troduced  in  1958. The m ain 

contents of the C om m unications were short articles, m ostly  unrefereed, on  

technical subjects such as applications, techniques, and  s tandards.135 In 1966 the 

Executive Com m ittee announced  a $45,000 professional developm ent program  

aim ed at business data processing personnel. The p ro g ram  included short "skill 

upgrade" sem inars offered a t the national com puter conferences, a traveling 

course series, and  self-study m aterials.136 There w as even  talk, in  the mid-1960s,

134 Herb Grosch, "Plus and Minus," Datamation 5, 6 (1959), 51.
135 Robert Payne, "Reaction to Publication Proposal (letter to editor)," Communications 
o f the ACM S, 1 (1965), 71.
136 Anthony Oettinger, "ACM sponsors professional development program (President's 
Letter to ACM Membership)," Communications oftheA C M 9 , 10 (1966), 712-713.
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of a po ten tia l m erger w ith  the  DPMA. In 1969, ACM  p res id en t Bernard Galler 

announced a m ove tow ards "less form ality, less science, an d  less academ ia."137

D espite these short-lived efforts to reconcile w ith  the  business com m unity, 

how ever, the  conservative ACM  leadership con tinued  to  p u rsu e  a largely 

academ ic agenda. As early  as 1959 it w as suggested  th a t the  ACM  should  

im pose s tringen t academ ic standards on  its m em bers, a n d  in  1965 a four-year 

degree becam e a  prerequisite  for receiving full m em bership . F requent battles 

arose over repeated  a ttem pts to change the nam e of the  association to som ething 

m ore b ro ad ly  relevant. In  1965 a proposal to change it to the  Association for 

C om puting  an d  Inform ation  Science w as rejected; a  decade later the sam e issue 

w as still be ing  debated .138 W hen Louis Fein suggested  in  1967 tha t the ACM 

faced a "crisis of identity ," ACM  President O ettinger insisted  vehem ently that 

the "ACM  has no  crisis of identity ." In do ing  so, he reaffirm ed the association's 

com m itm ent to a theoretical approach to com puting: "O u r science m ust, indeed, 

'm aintain as its sole abstract purpose of advancing tru th  a n d  know ledge.'"139

This com m itm ent to abstract science w as fu rther reinforced  the following 

year w h en  the ACM  Com m ittee on  C urriculum  for C o m p u te r Science (C3S)

137 Bernard Galler, "The Journal (President's Letter to ACM Membership)," 
Communications o f the A C M 12,2 (1969), 65-66.
13 8---- , "Will you vote for an association name change to ACIS?," Communications o f
the ACM S, 7 (1965); Vote on ACM name change (1978) Charles Babbage Institute 
Archives, CBI 43, Box 3, Fid. 10.
139 Anthony Oettinger, "President's reply to Louis Fein," Communications o f the ACM  
10,1 (1967), 1.
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announced  their C urriculum  '68 guidelines for un iversity  com pu ter science 

program s. C urricu lum  '68 advocated a  rigorously  theoretically  approach to 

com puter science th a t included little of in te rest to business p ractitioners.140 Even 

w h en  the ACM  d id  recognize the grow ing im portance of business data 

p rocessing to the fu ture  of their discipline, the em phasis w as alw ays p laced  on  

research an d  education:

All of us, I am  sure, have read non-A C M  articles on  business data 
processing an d  found them  lacking. They suffer, I believe, from  one basic 
fault: They fail to report fundam ental research  in  the d a ta  processing field. 
The question  of 'fundam entalness' is a ll-im portan t ... In  sum m ary, th is 
letter is in tended  to urge new  em phasis on  FUNDAM ENTALISM  in  
business d a ta  processing. This objective seem s no t o n ly  feasible b u t 
essential to m e. It provides no t on ly  a  technique for ge tting  ACM into the 
business da ta  processing business, b u t a  technique (the sam e one) for 
getting  the  field of business da ta  processing  on  a firm  theoretical 
footing.141

There is little question  th a t throughout the  1960s the ACM  p u rsu e d  a 

professionalization strategy  that was heavily  dep en d en t on  the  authority  an d  

legitim acy of its academ ic accomplishm ents.

I t w as no t un til the 1970s that the ACM  began  to seriously  reconsider its 

policy tow ards business-oriented practitioners. In  1974 the A C M  Executive 

Council com m issioned a series of studies o n  business p rog ram m ing  as p a rt  of its

140 Raymond Wishner, "Comment on Curriculum 68," Communications o f the ACM  11, 
10 (1968); Datamation Report, "Curriculum 68," Datamation 14,5 (1968); Hamming 
(1968).
141 John Postley, "Letter to Editor," Communications o f the A C M 3 ,1 (1960), A6.

233

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



www.manaraa.com

234 From "Black Art" to Industrial D iscipline

long-range p lann ing  report. In do ing  so the ACM  w as responding  bo th  to long

stand ing  criticism  and  to a recent spate  of anti-A CM  editorials that had  appeared  

in  the industry  new sletter C om puterw orld. "ACM  h a d  becom e n o t so m uch an  

industry  professional g roup," declared one of these editorials, "as it was a hom e 

for m em bers of educational institutions a round  the coun try  to overw helm  us 

w ith  their e rud ition  on  topics of vaguely  m oderate  in terest."142 The au thor noted 

th a t w hile m ost business data processing installations h ad  standard ized  on  the 

COBOL and  FORTRAN program m ing languages, the ACM  still supported  

ALGOL. H e quo ted  ACM  presiden t A nthony R alston to the effect tha t a lthough 

only 25% of the ACM  m em bership w ere academ ics, 10 ou t o f 25 council m em bers

143were.

The 1974 long-range report no ted  that of the 320 thousand  software 

personnel then  w ork ing  in the U nited  States, 85% dealt w ith  business data 

processing (BDP). It adm itted  th a t while the ACM  h a d  a repu tation  for 

professionalism , "BDP people tend  to be tu rned  off by  ACM 's academ ically 

o rien ted  leadership ... BDP professionals feel th a t academ ics don 't understand  

w h a t BDP needs, and  they're right."144 It concluded th a t any  new  ACM m em bers 

w ere likely to com e from  BDP, and  recom m ended the developm ent of a new

142 "Why are business users turned off by ACM?" (1974). Charles Babbage Institute 
Archives, CBI 23, Box 1, Fid. 3.
143 Ibid.
144 Ibid.
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publication aim ed a t a BDP audience. The rep o rt signaled to m any in  the ACM  

th a t the organization needed  to broaden it m em bership  and  becom e m ore 

accom m odating. The next few  years w itnessed a  b itterly  contested presidential 

election (the cornerstone of w hich w as a debate over business da ta  processing); 

yet ano ther a ttem p t to change the nam e o f the ACM  to som ething m ore broadly  

relevant; and  efforts to reconcile w ith  its business-oriented com petitor, the Data 

Processing M anagem ent Association.

The Data Processing Management Association

The D ata Processing M anagem ent O rgan ization  originated in 1949 as the 

N ational M achine A ccountants Association (NMAA). The NM AA w as founded 

as an  association of accountants and  tabulating  m achine m anagers. In  1952 it 

held  its first convention in  M inneapolis, M N. Ten years later, it represented  

alm ost 16,000 d a ta  processing w orkers in  the U nited  States and  Canada. In  1962 

the N M AA changed its nam e to the DPM A in  hopes of expanding its 

m em bership beyond finance and accounting professionals, and  to call a tten tion  

to its new  CDP certification program . The CDP program  w as only one of the 

DPM A's am bitious "Six M easures of Professionalism  Program ":

1) Professionals devote a portion  of their efforts to help ing  new com ers 
acquire the know ledge required of practitioners in  the field; therefore, a 
p rog ram  of education for the beginner is one m ark  of professionalism .
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2) Professionals devote  a  po rtio n  of their efforts to u p d a tin g  their ow n  
know ledge; therefore, a  p rog ram  for self-education is one m ark  of 
professionalism .

3) Professionals possess a  m in im um  level of know ledge of the field; 
therefore, a  s tan d ard  w ay  of m easuring th a t know ledge is one m ark  of 
professionalism .

4) Professionals devote a po rtio n  of their efforts to contribute  to the 
know ledge of their field; therefore, a p rog ram  of continuing  research is 
one m ark  of professionalism .

5) Professionals conduct them selves in a w ay  th a t reflects credit on their 
p rofession  o r alw ays act in  the best interests of the general public a nd  
their profession; therefore, a  code of ethics, accepted an d  practiced, is one 
m ark  o f professionalism .

6) Professionals police the ir o w n  ranks and  invoke discipline am ong 
them selves to those w ho violate the established rules of ethical conduct; 
therefore, an  effective m eans of policing a nd  disciplining practitioners is 
one m ark  of professionalism .145

In  1967 the DPM A released  a rep o rt detailing its efforts to  fulfill their 

professionalism  agenda. The F uture o f  Data P rocessors p rog ram  w orked  w ith  

colleges an d  universities in  cu rricu lum  developm ent. N ational conferences, local 

chap ter p rog ram s and  sem inars, an d  DPMA publications and  hom e-study 

courses w ere all d irected  tow ard  the self-education of ind iv idual m em bers. The 

CDP p ro g ram  w as obviously  in tended  to establish a m eans of "m easuring  a 

m in im um  level of know ledge in  the field." DPMA G raduate R esearch G rants 

encouraged  contributions to the "know ledge of the field." The DPM A C ode o f

145 DPMA report on "Six measures of professionalism." Charles Babbage Institute 
Archives, CBI 88, Box 21, Fid. 40.
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E thics d a ted  back to the origins of the  association, and  w as the  first of such  codes 

to be established for the com puter-re la ted  professions. Finally, a lthough  the 

DPM A acknow ledged that it h a d  no  existing m echanism s for determ in ing  and  

pu n ish ing  m isconduct, the rep o rt p rom ised  th a t the association w ould  take a 

lead ing  role in  the developm ent of an  in d u stry  policing program . Of the 

D PM A 's attem pts to address these "six m easures of professionalism ," only  the 

CDP p ro g ram  achieved even m odera te  in d u stry  acceptance; nevertheless, sim ply  

by  articu la ting  a clear professional agenda  the  DPM A claim ed for itself a  

leadership  role in  the com puting com m unity.

F rom  the very  beginning the  DPM A m ade efforts to reach a b road  spectrum  

of d a ta  processing personnel. In  1964 the  national leadership m ade specific 

efforts to include program m ers w ith in  its m em bership .146 The structure of the 

organization , w hich included s tro n g  regional chapters, allow ed for d iversity  and  

local control. Each region had  a  represen tative  on  the Executive Council w ho 

served  w ith  several executive officers an d  im plem ented  policy decisions from  

the In ternational Board of D irectors. In  add ition , the DPM A's official 

publication, the D ata M anagem ent Journal, encouraged subm issions on  a m uch  

w ider range of subjects than  d id  the  A CM 's Journal ox C om m unications. The 

DPM A also m aintained  a close association w ith  the editors of D atam ation,

146 Local Chapter CDP publicity (1964). Charles Babbage Institute Archives, CBI 46, Box 
1, Fid. 8.
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another w idely-read  industry  journal tha t focused o n  issues of tim ely concern 

and  practical relevance.

The DPM A 's inclusive approach to professional developm ent b ro u g h t it into 

conflict w ith  com peting societies, particu larly  the ACM. The differences betw een 

tw o organizations m irrored the larger tensions th a t existed w ith in  the com puting 

com m unity: academ ic com puter scientists versus the business data  processors; 

theory  versus practice. I have already show n  how  this tension affected the 

adop tion  of the DPM A's CDP program : the  A CM 's obvious lack of su p p o rt 

helped  to underm ine the program 's legitim acy and  prevented  its w idespread  

adoption. This opposition was based on  g rounds bo th  philosophical — m any  in 

the ACM  believed tha t the CDP exam inations w ere superficial and  irrelevan t — 

and  institutional, since control over an industry -w ide  certification prog ram  

w ou ld  have gran ted  the DPMA considerable political au thority .147 D espite 

several half-hearted attem pts to explore an  ACM -DPM A m erger, or a t least to 

establish an  inter-association liaison, the tw o groups rarely com m unicated.148 

W hen AFIPS w as established in  the early 1960s, the  NM AA and  other industry-

147 Letter re: four year degree requirement (1970) CBI 116.1.27; Misc. Correspondence re: 
CDP exams (1973) CBI 46.2.14
148 Notes on ACM/DPMA merger (1964) CBI 88.22.2; Correspondence re: ACM/DPMA 
liason (1966) CBI 88.22.1; Discussion of DPMA/ACM merger (1970) CBI 88.22.3
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o rien ted  groups w ere trea ted  w ith  dism issive contem pt, and  the  DPMA resisted 

AFiPS affiliation until the m id-1970s.149

Professional societies...or technician associations?

The persisten t conflict be tw een  the ACM  an d  DPM A reflected a m uch larger 

tension th a t existed w ith in  the com puting  com m unity. As early  as 1959 the 

outlines of a battle betw een academ ically-oriented com puter scientists and  

business p rogram m ers h ad  taken  shape a ro u n d  the issue o f professionalism .150 

A lthough  bo th  groups agreed  o n  the desirability  of establishing institutional and  

occupational boundaries a ro u n d  the nascent com puter-re la ted  professions, they 

d isagreed  sharply  abou t w h a t form  these professional struc tu res should  take. 

O bservers no ted  a deepen ing  "program m ing  schism " develop ing  w ithin  the 

industry , a "grow ing breach betw een the scientific and  engineering  com putation 

boys w ho talk  ALGOL and  FORTRAN...and the  business d a ta  processing boys 

w ho talk  English and  w rite  p rogram s in COBOL."151 Ind iv iduals w ho believed 

tha t the key to professional s ta tus w as the developm ent of form al theories of 

com puter science resisted "sub-professional" certification p rogram s and tended  

to jo in  the ACM; business da ta  processors w ho  w ere skeptical of "cute

149 RAND Symposium, "Problems of the AFIPS Societies Revisited," 1975. Charles 
Babbage Institute Archives, CBI78, Box 3, Fid. 7. At a meeting arranged by AFIPS 
officials, DPMA representatives were kept waiting, without explanation or apology, for 
over an hour.
150 RAND Symposium, "Is It Overhaul or Trade-in Time? Part II," Datamation 5,5 (1959).
151 Christopher Shaw, "Programming Schisms," Datamation 8, 9 (1962), 32.
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m athem atical tricks" e ither suppo rted  the D PM A or ignored  the  professional 

societies altogether.

It is clear th a t the tu rf battles tha t raged betw een  the A C M  a n d  the DPM A 

du rin g  the 1950s and  '60s he lped  underm ine p o p u la r su p p o rt for b o th  

organizations. In  response to extensive D atam ation  coverage of a 1959 RAND 

sym posium  o n  "the perenn ial professional society question," one reader 

com m ented th a t he " h a d n 't  laughed  so h a rd  in  a  decade. A re these guys 

kidding? You w on 't solve th is p roblem  by self-interested conversa tion  abou t it, 

no r is it solved by  found ing  ano ther o rganization ."152 In  a 1985 retrospective on  

the troubled  h isto ry  of AFIPS, H arry  Tropp suggested  th a t " th e  question  of tu rf  

seem s to have been  there from  the beginning. I t show s u p  in  the [1950s] Rand 

S ym p o siu m ... There w ere the  hardw are  and  softw are types a n d  th en  there w ere 

the users. W e h ad  the east c o as t/w e st coast tu r f  problem s. W h at I am  hearing  

today  is a w hole new  evo lu tion  of different tu rfs as this in form ation  processing 

society explodes."153 The fact th a t the DPMA refused affiliation w ith  AFIPS un til 

the mid-1970s -  largely because of the percep tion  that the la tte r organization  w as 

dom inated  by  the ACM — w as a m ajor factor in  its perpetual ineffectiveness and

152 Wolf Flywheel, "Letter to the editor (on professionalism)," Datam ation 5, 5 (1959), 2.
153 AFIPS Presidents discussion (1985). Charles Babbage Institute Archives, CBI 114, Box 
1, Fid. 4.
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eventually  d isso lu tio n .154 M any observers w ere d ism ayed  b y  the pettiness of the 

ACM -DPM A debates, w hich they  believed detracted  from  the overall goal of 

establishing a  legitim ate professional identity:

I co u ld n 't care less w ho publishes som e abstrac t scientific paper! W hat I 
w a n t to  k n o w  is how  do w e p u ll together a h u n d red  thousand  w arm  
bodies th a t are w orking on  the  outskirts of the  com puter business, give 
them  a  h ig h  priced executive director, lots of advertising, a w hole series of 
technical journals; in  other w ords, organize a  real rip-snorting  profession? 
W henever som ebody starts w orry ing  abou t w hich journal w h a t paper 
shou ld  be published  in, w e get bogged d o w n  in  an  academ ic cross-fire 
w e 've  b een  in  for ten  years.155

As d am ag in g  as these inter-associational rivalries w ere to the influence and  

repu ta tion  of th e  ACM  and  DPMA, w h a t really h u r t  them  w as the lack of 

su p p o rt th a t th ey  received from  industry  practitioners. N either organization w as 

able to clearly  estab lish  its relevance to the needs of either w orkers or their 

m anagers. "N either organization ... has done m uch  for the in d u stry  or for 

society as a w ho le ,"  argued  one 1965 D atam ation editorial. "W e th ink  the tim e is 

ripe to m ore c learly  define larger, m ore im portan t long-range goals w hich 

d istinguish  a  professional society from  a technician’s association."156 Employers 

looked to the  professional associations to p rov ide  a supp ly  of reliable, capable 

program m ers. A s w as clear from  the im passioned debates abou t structure and

154 AFLPS was dissolved in 1987, just two years after celebrating its 25th anniversary.
155 RAND Symposium, "Is It Overhaul or Trade-in Time? Part II."
156 Datamation Editorial, "Professional Societies ... or Technician Associations?/' 
Datamation 11, 8 (1965), 23.
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relevance of com puter science curricula, how ever, it w as far from  obvious to 

m any  m anagers th a t form al educational p rogram s contribu ted  m uch  to the 

p roduction  of "professional" program m ers. The A CM 's con tinued  devotion  to 

theoretical com puter science m ade it seem  out-of-touch w ith  the  practical 

d em ands of business. The DPM A 's CDP program , a lthough  it w as m uch  m ore 

o rien ted  to business d a ta  processing, failed to achieve w idesp read  industry  

acceptance. As a result, it also w as no t able to  guaran tee  the k ind  of 

s tandard ized  labor force in  w hich corporations w ere in terested. Em ployers saw  

little value in  either organization.

VI. The Limits of Professionalism

In his 1968 m onograph  on O ffice A u tom ation  in  Social P erspective, the 

O xford  sociologist H.A. Rhee no ted  that "The com puter elite are  beginning to 

erect collective defenses against the lay w orld. They are beginn ing  to develop a 

sense of professional iden tity  and  values." But the process of establishing 

professional attitudes and controls and  a professional conscience and  solidarity, 

Rhee suggested, h ad  "no t yet advanced  very far."157 H e could ju st have easily 

been  describing the com puting  professions as they  existed a decade earlier or a 

decade afterw ard. By 1968 com puting  had  acquired  m any  of the trapp ings of 

professionalism : academ ic com puter science departm ents, certification program s,

157 Rhee, Office Autom ation in Social Perspective, 118.
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professional associations. A nd ye t m ost com pu ting  practitioners w ere n o t 

w ide ly  reg a rd ed  as "professionals/' a t  least n o t in  the eyes of the general public. 

In  1967, for exam ple, the U.S. Civil Service C om m ission declared da ta  p rocessing  

personnel to be  "non-exem pt" em ployees, officially categorizing p rog ram m ers as 

technicians ra th e r than  professionals. A lth o u g h  this decision d id  no t affect the 

lives or practices of program m ers, i t  rep resen ted  a sym bolic defeat for 

professional associations such as the A C M , w ho lobbied h a rd  to have it 

ov e rtu rn ed .158

The inability  of p rogram m ers an d  o th er d a ta  processing personnel to 

successfully professionalize raises som e perp lex ing  questions for the historian: 

g iven  the  ap p aren t in terest in  p rofessionalization  on the p a rt  of b o th  em ployers 

an d  practitioners, w hy  w ere these efforts so ineffective? As w as described 

earlier, industria l em ployers in the 1960s com plained n o t as m uch  about 

technical incom petence as a general lack o f professionalism  am ong 

program m ers. "It w as his distressing lack o f professional attributes th a t m ost 

often  u nderm ines his w ork  and destroys h is m anagem ent's confidence," declared  

M alcolm  G otterer. "Too frequently these people , while exhibiting excellent 

technical skills, are non-professional in  every  o ther aspect o f their w ork ."159

158 Minutes of the Annual Meeting of the Certification Advisory Council (1967). Charles 
Babbage Institute Archives, CBI 116, Box 1, Fid. 13.
159 Gotterer, "The Impact of Professionalization Efforts on the Computer Manager," 368.
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Increased  professionalism  w ould p resum ab ly  address the m o st frequent 

com plain ts leveled aga in st data processing  personnel: an  over-reiiance on  

id iosyncratic  craft techniques; an  a rro g an t d isregard  for p ro p e r lines of au thority ; 

sh o d d y  w orkm anship ; a  lack of com m itm ent to the best in terests of the 

organ ization . O n  the surface, the professionalization  of p rog ram m ing  appeared  

to be  a n  ideal solution to  m any of the  m ost deleterious sym ptom s of the 

b u rg eo n in g  softw are crisis.

T here a re  a num ber of explanations for the  failure of m ost 

p rofessionalization  program s. In terna l rivalries w ith in  the com pu ting  

com m unity  u n derm ined  the effectiveness of g roups such as the  ACM  and  

DPM A. N o single organization  cou ld  m eet the needs of a d iverse  com m unity  of 

"com pu ter people" th a t included everyone from  Ph.D. m athem aticians to high- 

school d ro p o u t keypunch  operators. A s Louis Fein suggested  in  his discussion 

of the  A C M 's "crisis o f identity, "It is n o t clear ... tha t an  organ ization  can play 

sim u ltaneously  the role of a profession, of an  industry , and  of a  science ... I 

canno t see th a t ACM m em bers, o r EEEE C om puter G roup m em bers, o r DPM A 

m em bers, o r Sim ulations Councils, Inc. m em bers, are m em bers of a profession. 

They a re  practitioners o r scientists o r engineers o r program m ers-m em bers of a
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technical society."160 As the p rogram m ing  com m unity broke d o w n  into 

com peting  factions — theoretical vs. practical; certified vs. un-certified; ACM vs. 

DPM A -  its m em bers lost the leverage necessary to p u sh  th ro u g h  any  particular 

professionalization agenda.

In  add ition  to in ternal rivalries, the aspiring com puting professions also 

faced external opposition. For m an y  corporate m anagers, professionalism  was a 

po ten tially  dangerous doubled-edged w eapon: on  the one h an d , 

"Professionalism  m igh t m otivate staff m em bers to im prove their capabilities, it 

could b ring  about m ore com m onality  of approaches, it cou ld  be used  for hiring, 

prom otions and  raises, and  it cou ld  help determ ine 'who is qualified.'" O n the 

o ther h and , "professionalism  m igh t w ell increase staff m obility  and  hence 

tu rnover, and  it p robably  w ould  lead  to h igher salaries for the  'professionals.'"161 

C om puter personnel w ere often seen  as dangerously d isrup tive  to the traditional 

corporate establishm ent. The last th ing  traditional m anagers w an ted  w as to 

p rov ide  da ta  processing personnel w ith  additional occupational authority. 

Professionalism  w as therefore encouraged only to the extent th a t it prov ided  a 

standard ized , tractable workforce; professionalization efforts th a t encouraged

160 Louis Fein, "ACM Has a Crisis of Identity?," Communications o/theACMIO, 1 
(1967).
161 Richard Canning, "Professionalism: Coining or Not?," EDP A nalyzer 14, 3 (1976), 2.
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elitism , protectionism , or any th ing  tha t sm acked of unionism  w ere  seen  as 

counter-productive.

Perhaps the m ost im portan t reason  tha t p rogram m ers and  o ther da ta  

processing personnel failed to professionalize, how ever, w as th a t the 

professional institutions th a t w ere  set u p  in  the 1950s an d  1960s failed to 

convince em ployers of their relevance to the needs of business. A  1974 

C om puterw orld  survey  indicated  tha t "no technical society has ever cap tured  

and  held  the attention of professionals in  BDP [business da ta  processing]."162 

Em ployers looked to professional institutions as a m eans of supp ly ing  their 

dem and  for com petent, tru stw orthy  em ployees. As w e have seen, a lthough  

com puter science program s in  the 1960s thrived  in  the  universities, in  the 

business w orld  they w ere often  seen as overly theoretical and  irrelevant. 

Likewise, the DPM A's CDP p rog ram  failed to establish itself as a  reliable 

m echanism  for predicting  p rog ram m er perform ance or ability. N either the ACM 

n o r the DPM A offered m uch  to em ployers in  term s of im prov ing  the supp ly  or 

quality  of the  p rogram m ing  workforce.

G iven th is lack of active su p p o rt from  em ployers, the professional 

associations h ad  little to offer m ost da ta  processing practitioners. N either a 

com puter science education  no r professional certification could  ensure

162 "Just So Programs," Com puterworld (May 15,1974). Charles Babbage Institute 
Archives, CBI 23, Box 1, Fid. 3.
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em ploym ent o r  advancem ent. In  response to a 1974 C om pu terw orld  article on  

"W hy Business U sers Are T urned O ff b y  ACM ," AFIPS p res id en t George G laser 

suggested  th a t "The general lack of success of ACM  in  a ttracting  business da ta  

processing professionals to its m em bership  has relatively little to  do w ith  the 

na tu re  and  ex ten t of the services it offers them . It is, rather, m ore attributable to 

a lack of in te rest on  the part of these 'professionals' in  any professional 

society."163 G laser's com m ent can be read  either as an  ind ictm ent of the ap a th y  

of the average com puting  practitioner or of the policies of the ACM; either w ay, 

it suggests the  stra ined  relationship th a t existed betw een  the tw o com m unities. 

M any w ork ing  p rogram m ers saw  little value in  belonging to e ither the ACM  or 

the DPM A, a n d  su p p o rt for bo th  organizations, as w ell as for professional 

institu tions in  general, languished d u rin g  the late 1960s an d  early  1970s.

163 George Glaser, "Letter to W. Carlson." Charles Babbage Institute Archives, CBI 23, Box 1, Fid.
3.
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Epilogue: No Silver Bullet

A quarter of a century later software engineering remains a term of aspiration. The vast 
majority of computer code is still handcrafted from raw  programming languages by 
artisans using techniques they neither measure nor are able to repeat consistently...1

"Software's Chronic Crisis," Scientific Am erican (1994)

I. From Exhilaration to Disillusionment

The 1968 NATO Conference on  Software E ngineering was, according  to 

con tem porary  accounts, an  exhilarating experience for m any  participants. The 

pub lic  acknow ledgem ent of a  perceived  softw are crisis w as a cathartic m om ent 

for the  industry . As one p rom inen t com puter scientist described it, "The general 

adm ission  o f the softw are failure in  this group  of responsible people is the m ost 

refresh ing  experience tha t I have h ad  in  a num ber of years, because the 

adm ission  of shortcom ings is the p rim ary  condition for im provem ent." 2 Despite 

the  general recognition of im pend ing  crisis, the sp irit of the conference w as 

"positive , even  liberatory."3 A ttendees rallied beh ind  the organizers' call for "a 

sw itch  from  hom e-m ade softw are to m anufactured  softw are, from  tinkering  to

1 W. Gibbs, "Software's Chronic Crisis," Scientific American, September 1994.
2 Dijkstra interview, cited in Eloina Palaez, "A Gift From Pandora's Box: The Software 
Crisis," (Ph.D. dissertation, University of Edinburgh, 1988).
3 Donald MacKenzie, "A View from the Sonnenbichl: On the Historical Sociology of 
Software and System Dependability," in M apping the H istory o f Computing: Software 
Issues, U. Hashagen, R. Keil-Slawik, A. Norberg, eds. (New York: Springer-Verlag, 
forthcoming), 79.
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engineering."4 Softw are engineering em erged as the  dom inan t rhetorical 

parad igm  for discussing the future of software developm ent. By adopting  the 

"types of theoretical foundations a n d  practical disciplines th a t are traditional in  

the established branches of engineering," com puter p rogram m ing  could be 

successfully transform ed from  a black a rt into an  industria l discipline. Software 

w orkers from  a w ide  variety  of disciplines and  backgrounds adop ted  the rhetoric 

of softw are engineering as a shared discourse w ith in  w hich  to discuss their 

m u tua l professional aspirations.

In  order to capitalize on  the enthusiasm  generated  in  the w ake of the 

Garm isch m eeting, the NATO Science Com m ittee quickly  organized  a  second 

conference to be he ld  the following year in Rome, Italy. The 1969 Rome 

Conference was in tended  to have a n  explicitly practical focus: the goal was to 

develop specific techniques of softw are engineering. As w ith  the Garm isch 

m eeting, a deliberate and  successful a ttem pt w as m ade  to a ttract a w ide range of 

participants. The resulting  conference, how ever, bore  little resem blance to its 

predecessor. W hereas the G arm isch participants h a d  coalesced a round  a shared 

sense of urgency, the Rome conference w as characterized by  conflict. A ccording 

to the same observer w ho had  referred  glowingly to the  G arm ish conference as a  

"m ost refreshing experience," the discussions a t the Rom e m eeting w ere

4 F.L. Bauer, "Software Engineering: A Conference Report," Datamation 15,10 (1969).
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"sterile," the various g roups of attendees "never clicked," a n d  "m ost 

partic ipan ts"  left feeling "an  enorm ous sense of d isillusionm ent."5 A  prolonged 

debate ab o u t the establishm ent of an  in ternational softw are eng ineering  institute 

p ro v ed  so acrim onious and  divisive th a t it w as om itted  from  the conference 

proceedings: "All I rem em ber is tha t it ended  u p  being  a lo t of tim e w asted , and 

no a rgum en t ever tu rn ed  u p  to m ake som ething  h ap p en  — w hich  is p robab ly  just 

as w e ll..."6

W hy w as the Rom e conference considered such  a d isappo in tm en t relative to 

G arm isch? M any of the sam e participants h ad  a ttended  b o th  m eetings: there had  

been  no significant changes in  term s of dem ographic  m akeup  o r organizational 

structure . N either w ere there any m ajor new  issues or technologies in troduced  

o r discussed. M any of the Rome p resentations covered m ateria l th a t h ad  

p rev iously  been  addressed , albeit a t a  less de ta iled  an d  technical level, a t 

Garm isch. A nd ye t w hile the Garm isch conference is w idely  considered  to have 

m arked  a p ivo tal m om ent in  the h istory  of softw are developm ent - "a  m ajor 

cu ltu ral shift in  the perception  of p rogram m ing" - the Rome conference seem s to 

have been  deliberately  forgotten.7

5 J. Buxton, quoted in Paleaz.
6 D. Ross, quoted in Paleaz.
7 Martin Campbell-Kelly and William Aspray, Com puter: A H istory o f the Information 
M achine (New York: Basic Books, 1996), 201.
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One obvious difference be tw een  the tw o events is th a t the  earlier conference 

h a d  encouraged partic ipan ts to focus their a tten tion  o n  a com m only perceived 

b u t  vaguely defined em ergency, w hile the latter forced th em  to deal w ith  specific 

controversial issues. Softw are engineering  had  em erged  as a  com pelling so lu tion  

to  the software crisis in  p a rt because it w as flexible enough  to appeal to a w ide  

varie ty  of com puting  practitioners. The am biguity  of concepts such  as 

"professionalism /' "engineering  discipline," and  "efficiency" allow ed 

com peting interests to partic ipate  in  a shared  discourse th a t nevertheless enabled 

them  to pu rsue  vastly  d ifferent personal and  professional agendas. Industry  

m anagers adop ted  a  defin ition o f "professionalism " th a t p ro v id ed  for 

educational and  certification standards, a tightiy  d iscip lined  w orkforce, and  

increased corporate loyalty. C om puter m anufacturers looked  to "engineering  

discipline" as m eans of coun tering  charges of incom petence an d  cost- 

inefficiency. A cadem ic com puter scientists p referred  a h igh ly  form alized 

approach  to softw are engineering  th a t w as bo th  in tellectually  respectable an d  

theoretically rigorous. W orking program m ers tended to focus on  the m ore 

personal aspects of professional accom plishm ent, includ ing  autonom y, sta tus, 

a n d  career longevity. The softw are engineering m odel seem ed  to offer 

som ething to everyone: standards, quality , academ ic respectability , status and  

autonom y.
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The rhetorical flexibility tha t h ad  served  the consensus-seeking Garm isch 

partic ipan ts p ro v ed  unw ieldy w hen  it cam e to establishing specific s tandards 

an d  practices, how ever. The Rome conference illum inated in  sh arp  relief the vast 

differences th a t existed betw een com peting visions for the softw are engineering 

discipline. U nlike the conflict betw een w orkers and  m anagers described  in  the 

p rev ious chapter, these divisions w ere largely  internal to the p rog ram m ing  

com m unity. The prim ary split w as betw een  academ ic com puter scientists and  

com m ercial softw are developers. The in d u stry  program m ers resen ted  being 

inv ited  to Rom e "like a lot of m onkeys to be looked a t by  theoreticians;" the 

theoreticians com plained of feeling isolated, of "no t being a llow ed to say 

anyth ing ."8 A s the editors of the conference proceedings have suggested , the 

"lack of com m unication betw een different sections of the partic ipan ts" became 

the "dom inan t feature" of the m eeting.9 "The seriousness of this 

com m unications gap," and  the realization th a t it "w as b u t a reflection of the 

situation  in  the  real w orld," caused the gap itself to become a m ajor topic of 

discussion.10 It w as to rem ain an  issue of central concern to the p rog ram m ing  

com m unity  for the next several decades.

8 Christoper Strachey, quoted in Peter Naur, Brian Randall, and J.N. Buxton, ed., 
Software engineering Proceedings o f the NA TO conferences (New York: 
Petrocelli/Carter, 1976), 147.
9 Naur, et al., 145.
10 Ibid.
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II. Software’s Chronic Crisis

In  an  1996 article entitled  "Softw are's C hronic C ris is / ' W illiam  Gibbs noted 

in  a S cien tific A m erican  article th a t a quarter of a cen tu ry  after the  Garmisch 

conference, "softw are engineering rem ains a  term  of asp iration ," rather an  fully 

realized discipline.11 Indeed , in  the years after 1968 the rhetoric of the software 

crisis becam e even m ore heated. In  1987 the editors of C om puterw orld  

com plained th a t "the average softw are project is often one year behind  p lan  and  

100% over budget."12 In 1989 the H ouse Com m ittee on  Science, Space and 

Technology released a repo rt h ighly  critical of the  "shoot-from -the-hip" practices 

of the  softw are industry . A m ong o ther things, the rep o rt called for a 

professional certification p rogram  for p ro g ram m ers .13 Later th a t sam e year the 

Pen tagon  launched a b road  cam paign to "lick its softw are prob lem s" that 

included  funds for a Software Engineering Institute and  the w idespread  

adop tion  of the ADA program m ing  language.14 ADA w as tou ted  by  D epartm ent 

of Defense officials "a  m eans of replacing the idiosyncratic 'a rtis tic ' ethos that 

has long governed  softw are w riting  w ith  a m ore efficient, cost-effective

11 W. Gibbs, "Software's Chronic Crisis," Scientific American, September 1994.
12 Ann Dooley, "100% Over Budget," Com puterworld, July 8,1987
13 The 33-page report, entitled "Bugs in the Program: Problems in Federal Government 
Computer Software Development and Regulation," was written by two staff members, 
James H. Paul and Gregory C. Simon, of the Subcommittee on Investigations and 
Oversight of the House Committee on Science, Space, and Technology.
14 David Morrison, "Software Crisis," Defense 21, 2 (1989)
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engineering  m ind-set."15 The list of critical reports, denunciations o f cu rren t 

practices, a n d  p roposed  "silver-bullet" solutions goes on  and  on. A n d  yet, in  the 

w o rd s of one industry  observer, by  the  mid-1980s "the softw are crisis has 

becom e less a  tu rn ing  p o in t th an  a  w a y  of life."16

The continued existence of a  fou r decade long crisis in  one of the  largest and  

fastest grow ing  sectors of the A m erican  econom y reveals the h igh ly  contested 

n a tu re  of com puter technology. H isto rians of technology have long argued  tha t 

all technologies are, a t least to a certain  degree, socially constructed. T hat is 

sim ply  to say  tha t the physical design  of an  artifact is inextricably influenced by  

its larger environm ent. In  the 1950s an d  1960s the electronic d ig ita l com puter 

w as in troduced  into the w ell-established technical and  social system s of the 

m o d em  business organization. Like all n ew  technologies, the com puter bo th  

took  its shape from  - and  helped  to shape  — its social, cultural, and  technological 

context. As the com puter becam e a n  increasingly im portant p a rt o f the  m o d em  

corporate  organization, control over its use an d  identity becam e increasingly 

contested. The conflicting needs a n d  agendas of users, m anufacturers, m anagers, 

an d  p rogram m ers all becam e w ra p p ed  up  in  highly public struggle for control 

over the professional territo ry  o p ened  u p  by  the technology of com puting.

15 Morrison, "Software Crisis,"
16 John Shore, "Why I Never Met a Programmer I Could Trust," Communications o f the 
ACM 31, 4 (1988).
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T hinking about the  softw are crisis -  and  invention  of the discipline of software 

engineering - as a series of interconnected social and  political negotiations, rather 

th an  an  isolated technical decision about the "one best w ay" to develop software 

com ponents, p rov ides an  essential link betw een in ternal developm ents in 

inform ation technology and  the ir larger social and  historical context. It can help 

explain w hy, in  an  in d u stry  characterized by  rap id  change a n d  innovation, the 

rhetoric of crisis has p ro v en  so rem arkably  persistent.
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