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Abstract

Re/constructing computing experiences from “punch girls” to “computer
boys” traces the life cycle of five computing devices between the 1940s
and the 1980s, each representing a key development in the history of
computing. The experimental media archaeology framework of Nutzer-
perspektiven critically evaluates the typeof user sources re/construct. The
object’s life cycle traces phases of design, production, sale, installation,
application and use, and decommission or re-use. The lens of intersec-
tionality with a focus on gender facilitates (visual) discourse analysis of
advertisements to expose stereotypes. User experiences differ because
inequalities in computing have at times resulted in occupational segrega-
tion, and working conditions varied across case studies.

Computing experiences encompass the object, the environment, and
application, and a user, serving as a structure for the case studies. The
first case study discusses the accounting departments of Helena Rubin-
stein which used Remington Rand, and later Powers-Samas, punch card
machinery since 1940. Miss Summerell led the Powers room in the Lon-
don branch from 1955 onward. The second case study centers around
a workflow Dr. E. Blatt created for the International Business Machines
(IBM) System/360 announced in 1964 used in German clinical chemistry
laboratories since 1969. The Digital Equipment Company’s client appli-
cations slides form the basis of the next case study and showed several
uses of the Programmable Data Processor or PDP-11 in aerospace and
commercial aircraft between1970and1980. Thefinal chapter compares



two educational initiatives from the 1980s. By 1981 the BBC Microcom-
puter kick started the Computer Literacy project in the United Kingdom,
first targeting adults but soon entering primary and secondary schools.
Apple’s Kids Can’t Wait initiative in the United States equally introduced
many children to computing.

Methods from user experience (UX) design and experimental media
archaeology supported the re/constructionor reenactment of past human-
computer interaction. As a study of material culture, the historical case
studieswere informedbymuseumobjects pairedwith additional archival
sources. The research added phases to the life cycle framework and
paired a reflection on the provenance of material objects with a focus on
human actors. The case studies in turn demonstrated how sources lim-
ited the typeof user andcomputingexperienceshistorians can re/construct.
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Preface

One day with a great teacher is better
than a thousand days of diligent study
– Japanese proverb

Some teachers inspire us to follow our passion and it is thanks to mr.
Decat and mrs. Van Gils that I went on to study history. At KU Leuven
professor Meijns was such an amazing narrator that I decided to special-
ize inmedieval history. Professor Haemers then taught us to look beyond
the great men and heroic battles at ordinary people, shifting my focus to
social history. During my one year stay at the Università di Bologna, I
learned what role the economy has on our lives from professor Andreolli.
Back in Leuven I chose to focus on women’s lives and family marriage
strategies with great advice from Dr. Bardyn. Then professor Bordalejo
inspired me to continue my studies with a Master in Digital Humanities.
Through our conversations I deepened my knowledge of gender as a so-
cial construct. I am deeply grateful to her for pushing me far out of my
comfort zone and encouraging me to present at conferences.

Although the Master in Digital Humanities had a good gender balance,
I was surprised by the predominance of male students and professors
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a large crowd of mostly male, rather stereotypical, computer nerds or
geeks motivated me to discover why such great female professors were
mostly teaching a male crowd. Encouraged by professor Bordalejo I pre-
sented my research at the Digital Humanities Summer School at KU Leu-
ven,where I struggled toanswerprofessorWyatt’s critical questions,mak-
ingher the ideal candidate formyPhDcommitteeor comité d’encadrement
de thèse (CET). Since I wanted to continue my research in Digital Human-
ities and gender, but with a return to my history background, the newly
createdCentre for Contemporary andDigital History (C2DH)was the ideal
research institution for me. I want to thank professor Fickers for accept-
ing my application to become part of the Doctoral Training Unit Digital
History and Hermeneutics (DTU DHH) and for supervising this research.
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perience with computing devices. I soon realised however that it takes
time to build a crowd and that collaboration often works better in per-
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valuable to the research: museumobservations, interviewswith curators,
and reenacting the user experience with the BBCmicrocomputer and the
Apple IIe.
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Chapter 1

Introduction

OnacoldThursdayafternoon inFebruary, 1969,womenseated
at rowsof InternationalBusinessMachines (IBM)24CardPunches
in one of the regional service centers of the Internal Revenue
Service (IRS) in the United States were hard at work. One
employee had just placed a new stack of controlled and com-
pleted 1040 forms on her desk and inserted a set of empty
punch cards in the card hopper. The correct program was al-
ready in place, and after another drag of her cigarette a new
card automatically transferred to the punching station. Care-
fully reading the tax form she started typing the gross income,
tax withheld, and refund claimed. With each keystroke a col-
umn of holes was punched onto the card. Once the card was
full the reading station duplicated some essential information
before the card was added to the stack on the other end. The
entire operation took her less than a minute. After an hour or
so, she moved the finished cards and forms to another cart,
ready for transport to the machine room, where they were
transferred onto magnetic tape.1

1. Original photo female Internal Revenue Service (IRS) worker use IBM keypunch
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The machine room contained a series of cabinet-size tape readers,
printers and a control panel, making up one large computer system. How-
ever, not all computers would take up an entire room. A computer can in
fact refer to three distinctly different meanings according to the Oxford
English Dictionary (OED), starting from “a personwhomakes calculations
or computations […],” to the device itself “performing or facilitating cal-
culation,” and currently defined as a more elaborate electronic machine
used to “store, manipulate, and communicate information, perform com-
plex calculations, or control or regulate other devices.”2 These three def-
initions chronologically describe the history of the computer from a hu-
man computer to the elaborate machines we now take for granted. How-
ever, these devices would not be of any importance without their users.
As Grace Hopper pointed out: “I am pleased that history recognises the
first to invent something, but I am more concerned with the first person
to make it work.”3

The research questions revolve around the people (who?) and the
process (how) throughout all stages of a computer’s life cycle, as visu-
alised in figure 1.1. Who designed, produced, sold, or purchased, in-
stalled, used, or accessed a computer? How was a computing device an-
nounced, and who represented the user? How did a computer interface
influence the user experience? The research compares both professional
and educational computer applications over time and space. Eventually
some computers were decommissioned, while others were reused in an-
other context.

Often, the history of computing focused on inventors, companies and

machine for US Government, Feb 27, 1969, IBM Branch, Box 67, Living Computers Mu-
seum+Labs; Right on the Button, Department of the Treasury, Internal Revenue Service,
ca. 1960 - ca. 1970, Motion Picture Films, Record Group 58, National Archives at Col-
lege Park, https://www.youtube.com/watch?v=lOt0GRVGNXo; Reference Manual
IBM 24 Card Punch IBM 26 Printing Card Punch, Dec 1964, Harwood G. Kolsky papers,
Lot X3021.2005, Box 08, Folder 03-22, Computer History Museum.
2. computer, n., accessed June 21, 2019, http://www.oed.com/view/Entry/

37975.
3. Paul E. Ceruzzi, A History of Modern Computing, History of Computing (Cambridge,

MA: MIT Press, 2012), 27.
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Figure 1.1: Computer life cycle model

their leaders, thedevelopment of computer architectures and innovations.
Instead, I will pay attention to user groups that have been overlooked in
the traditional historical narrative. Placing computers into a broader con-
text, I focus on the societal, business, and labour developments at the
basis of new computer models. The production, sales and installation
is briefly touched upon, before discussing applications and uses of past
machines. Furthermore, the thesis treats the emergence of new occu-
pations or changes in existing labour structures in relation to computer
models. I also study the influence of computers on both the work space
and workflow of the user. Finally, I will look at sources such as advertise-
ments in order to analyse the image of the idealised and archetype user,
and influenced stereotypes of computing such as thepunch girl, geek, and
hacker.
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In current society, understanding past incentives for designing com-
putersbecomes increasingly important as technologypermeatespeople’s
lives more and more. Historical research can assess the impact comput-
ers have had on people and society at large. Moreover, it can expose
and counteract the image developed by advertisements of who can own
or operate technology, and who cannot. My thesis broadens the narra-
tive to include actors previously ignored. In order to retain a clear focus,
the research is limited to five carefully selected case studies of partic-
ular computer models, and applications. The original intention was to
select one case study for each decade. The timeline in figure 1.2 clearly
shows that the first case study spans multiple decades, and the last two
occurred in the same decade. Therefore, these two cases will be treated
comparatively in a single chapter. Each case study centers around a type
of computer and a particular computer model which sold in large num-
bers, rather than one-off designs for scientific or military organisations.

The story begins in 1940, when punch cards were well established
and spread to applications beyond the United States census into the ac-
counting department of companies such as Helena Rubinstein.4 In the
1960s computing really took off with the introduction of room-size com-
puters. TheSystem/360 (S/360) from the IBMcorporationwasannounced
in 1964 and installed by 1967 in large and middle-sized businesses, as
well as clinical chemistry laboratories in Germany.5 At the same time, the
Digital Equipment Company (DEC) addedminicomputers such as the pro-
grammed data processor (PDP) to the market. The PDP-11 launched in
1970 in particular allowed large groups of people to directly interact with
the machines.6 The research ends in the 1980s, with the introduction of
a BBC microcomputer in 1981 developed by Acorn Ltd. in classrooms

4. Madame Helena Rubinstein: pioneer in beauty, research scientist, astute business-
woman, Remington Rand promotional and salesmaterials, 1940, David C. Faloon papers,
Lot X3947.2007, Box 1, Computer History Museum.
5. IBM S/360-20 Main-Frame Computer, IBM Deutschland GmbH, 1967, Inventory Nr.

84/487:1-5, Deutsches Museum; Dr. E. Blatt, Datenverarbeitung im Klinisch-Chemischen
Laboratorium (IBM, 1969), Folder 05, IBM Firmenschriften.
6. Ceruzzi, A History of Modern Computing, 124.
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throughout the United Kingdom. The BBC Micro will be compared to the
Apple IIe, a personal computer from 1983 that was used in classrooms
in the United States.7

Figure 1.2: Timeline

In short, the research looks into changes and continuity in computer
devices, users, and applications, between the 1940s and 1980s. Each
case study discusses workforce composition and the emergence of new
occupations in relation to the introduction of particular computing de-
vices. Next, the research focuses on theworking conditions such as room

7. Classrooms of BBC Micro’s have been reconstructed at The National Museum of
Computing (TNMOC) and the Centre for Computing History (CCH) in the United Kingdom.
In the United States a classroom of Apple IIe’s was on display at the Living Computers
Museum + Labs (LCM+L) in November 2018.
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size, heat, noise, machine size, office type, as well as the evolution of the
work flow. Finally, each chapter ends by answering the question: how
does media representation of technology and its users influence gender
stereotypes in computing?

1.1 Does Technology Drive History?
The next sections treat the literature review and important concepts that
form the theoretical framework for the dissertation. I start from the key
question at the basis of the history of technology: “Does technology drive
history?”8 As a reaction to the traditional narrative focused on inventors,
the field of science, technology and society (STS) emerged in the 1980s
and developed three theories on the driver of technological change: tech-
nological determinism, technologyasneutral, and technological construc-
tivism or the social construction of technology (SCOT). After explaining
these rather abstract theories fromsociology, I introducea short overview
of the history of computing focusing on key developments in the com-
puter industry. The field of human-computer interaction (HCI) equally
emerged in the 1980s and places the user firmly at the center of the de-
sign process. Both research in STS and HCI began in the 1980s when
the PC was introduced. Research does not stand alone in a vacuum out-
side of society. Both in the 1980s and now, the ubiquity of technology
shapes the interpretation of the past. Sociologists and media archaeolo-
gists have defined several user perspectives which guide the research to-
wards particular sources that in turn limit the potential analysis of differ-
ent types of users. Users are often defined by their demographics and the
theoretical lens of intersectionality can aid in understanding constructed
identities often at the basis of stereotypes shown in advertisements. Fur-
thermore, computer advertisements are analysed with a particular fo-
cus on gender stereotypes, so the section on intersectionality includes

8. Merritt RoeSmith and LeoMarx,Does TechnologyDriveHistory? TheDilemmaof Tech-
nological Determinism (Cambridge, MA: MIT Press, 1994), https://books.google.
lu/books?id=WWztFfsA-QEC.
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a separate part about gender. Before moving on to the methodology and
sources, a final section of the literature review highlights several studies
on the inequality found in computing providing a background for the evo-
lution of the labour market parallel to changes in computer technology.

Previously I referred to three meanings of the term computer ranging
from human computers, over simple calculation devices, to a more com-
plex machine. The final definition of interest to this dissertation refers to
a computer as follows:

An electronic device (or system of devices) which is used to
store,manipulate, andcommunicate information, performcom-
plex calculations, or control or regulate other devices or ma-
chines, and is capable of receiving information (data) and of
processing it in accordance with variable procedural instruc-
tions (programs or software).9

However, the focus of this dissertation will move away from program-
ming languages and software studies. Instead the companies designing
and producing computer hardware, and the evolution of computer users
and applicationswill take centre stage. Who designs the technology, who
builds it and who uses it? In what context did the design and implemen-
tation of computers arise?

Before the computer even existed, people have asked themselves:
does technology drive history? Certain narratives centring around hard-
ware development focused on great inventors and theorists, or on the
rise and fall of corporations, and have formed the basis of the history
of technology, and computing in particular.10 Criticism on the historical
approach revolving around single individuals has come from both gen-
der and social studies, and from the field of STS.11 Sociologists Donald

9. computer, n.
10. Ceruzzi, A History of Modern Computing.
11. Donald A. MacKenzie and Judy Wajcman, The Social Shaping of Technology, 2nd ed.
(Milton Keynes: Open University Press, 1999), 10-13; Michel Callon, “Society in the Mak-
ing: The Study of Technology as a Tool for Sociological Analysis,” in The Social Construc-
tion of Technological Systems: New Directions in the Sociology and History of Technology,
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MacKenzie and Judy Wajcman argue against the individualistic great in-
ventor approach.

New technology, then, typically emerges not from flashes of
disembodied inspiration but from existing technology. Even
what wemight with some justification want to call revolutions
in technology often turn out to havebeen long in themaking.12

Once we establish that technological change is not independent from so-
ciety, we need to ask ourselves what lies at the basis of technological
change. MacKenzie and Wajcman argue that existing technology actively
shapes new technology, supporting their claim with the idea of a techno-
logical system.13

The technological system is what Thomas Hughes defines as socially
constructed and shaping society, where a system contains physical arte-
facts, organisations, scientific components (books, articles, university pro-
grams), legislative artefacts and natural resources or building blocks.14
He distinguishes seven phases in the history of evolving systems: inven-
tion, development, innovation, transfer, growth, competition, and con-
solidation.15 These phases are not necessarily sequential and can occur
in any order.16 An important term coined by Hughes called the reverse
salient stems fromunevendevelopment, anareawhere technology growth
seems to lag behind, which provides inventors with an incentive to cor-
rect the situation.17

ed. Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch (Cambridge, MA: MIT Press,
1987), 83–103.
12. MacKenzie and Wajcman, The Social Shaping of Technology, 12.
13. MacKenzie and Wajcman, The Social Shaping of Technology, 13.
14. Thomas P. Hughes, “The Evolution of Large Technological Systems,” in The Social
Construction of Technological Systems: NewDirections in the Sociology and History of Tech-
nology, ed. Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch (Cambridge, MA: MIT
Press, 1987), 56.
15. Hughes, “The Evolution of Large Technological Systems,” 56.
16. Hughes, “The Evolution of Large Technological Systems,” 57.
17. MacKenzie and Wajcman, The Social Shaping of Technology, 17.
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The process of the adoption of technology tends to improve the per-
formance of the technology adopted, which leads to the assertion that
past events continue to influence future developments.18 The history of
technology can therefore be studied as a path-dependent history. For
instance a QWERTY keyboard used in mechanical typewriters to prevent
keys frombeing stuck together haspersisted in electronic keyboardseven
though this keyboard layout was no longer necessary.19

1.1.1 Science, Technology and Society
The traditional narrative focused on inventors and technical innovation
does not take into account how technology relates to the surroundings
and society at large. In the framework of STS several positions emerged
during the 1980s in the subfield of the sociology of technology.20 One
common perception states that social change is driven by technology-
centred processes, a view that is often named technological determin-
ism.21 Although technological determinism is asking a goodquestion, “its
typical assumption that technological change is an independent factor”
provides an oversimplified answer.22 In the section below I will discuss
two additional points of view, namely technology as neutral, and con-
structivism.

18. MacKenzie and Wajcman, The Social Shaping of Technology, 34.
19. MacKenzie and Wajcman, The Social Shaping of Technology, 35.
20. Stephen H. Cutcliffe, Ideas, Machines, and Values: An Introduction to Science, Tech-
nology, and Society Studies (Lanham: Rowman & Littlefield, 2000), 29, https://books.
google.lu/books?id=p1byObBfL4cC. This “turn to technology” came back into fo-
cus after the publication of two influential studies: Donald A. MacKenzie and Judy Wajc-
man, The Social Shaping of Technology: How the Refrigerator Got Its Hum (Milton Keynes:
Open University Press, 1985); Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch,
eds., The Social Construction of Technological Systems: New Directions in the Sociology
and History of Technology (Cambridge, MA: MIT Press, 1987).
21. LangdonWinner, “Where Technological DeterminismWent,” in Visions of STS: Coun-
terpoints in Science, Technology, and Society Studies, ed. Stephen H. Cutcliffe and Carl
Mitcham (Albany, NY: SUNY Press, February 2001), 11–18.
22. MacKenzie and Wajcman, The Social Shaping of Technology, 5.
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Paradoxically, then, the compelling nature ofmuch technolog-
ical change is best explained by seeing technology not as out-
side of society, as some versions of technological determin-
ism would have it, but as inextricably part of society.23

Since the process of technological change does not occur in isolation of
society, it is important to understand the relation between technology
and the social and economic context and how this affects equality and
inequality. However, social scientists and social theorists differ in their
approach towards inequality.24

Social scientists study economic and social inequalities based on col-
lectivities such as class, gender and ethnicity, whereas social theorists
under influenceof postmodernism focuson “identities, subjectivities, and
individual agency.”25 Thefirst approach towards the relationshipbetween
technology and society is technological determinism and assumes that
technologies emerge from nowhere and transform society which leaves
“no space for human choice or invention and, moreover, absolves peo-
ple from responsibility for the technologies they make and use.”26 The
second approach considers technology as neutral and asserts that peo-
ple choose how they use technology, which still implies that the origins
of technologies are not problematised. The third approach of construc-
tivism effectively argues that technologies are “constituted by political,
economic and cultural processes.”27

Theapproachof technological constructivism, also referred toasSCOT,
has been widely adopted.28 Yet critics have pointed out serious limita-
23. MacKenzie and Wajcman, The Social Shaping of Technology, 20.
24. In addition to the social and economic context, the political climate also influences
technology as demonstrated in Paul N. Edwards, The Closed World: Computers and the
Politics of Discourse in Cold War America, ed. Wiebe E. Bijker, Trevor Pinch, and Rebecca
Slayton, Inside Technology (Cambridge, MA: MIT Press, April 1996).
25. Flis Henwood et al., “Critical Perspectives on Technologies, In/equalities and the
Information Society,” in Technology and In/equality: Questioning the Information Society,
ed. Sally Wyatt et al. (London: Routledge, 2000), 7.
26. Henwood et al., “Critical Perspectives,” 9-10.
27. Henwood et al., “Critical Perspectives,” 10.
28. Langdon Winner mentions Harry M. Collins, Trevor Pinch, Wiebe Bijker, Donald
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tions to this approach as well. Langdon Winner lists four.

(1) a disregard for the social consequences of technological
choice in focusing on the origins of technology,
(2) a focus on relevant social actors often ignoring those with-
out a voice yet affected by technology and disregarding back-
stage decisions,
(3) theyoverlookdeeper cultural, intellectual, or economic ori-
gins of social choices about technology and
(4) an interpretive flexibility preventing any moral stance.29

Although the sourcematerial does not always allowme to respond to this
critique, the researchwill pay attention to the social consequences (1) es-
pecially in regards to workforce composition and working conditions af-
ter the introduction of new technology (2). A thorough contextualisation
of each computermodel should describe the cultural, intellectual, or eco-
nomicmotives behind their different applications (3), also to someextent
visible through stereotypes in media representation. A moral stance (4)
however, would be inappropriate in a historical dissertation, and more
suited for an essay.

1.1.2 The History of Computing
The earliest devices studied in this research are punch card machines
which have traditionally been used at the US Census Bureau even be-
fore the start of the twentieth century.30 Herman Hollerith, a former em-
ployee of the United States Census Bureau, patented two tabulating sys-

MacKenzie, Steven Woolgar, Bruno Latour, Michel Callon, Thomas Hughes and John Law
in his critique. Langdon Winner, “Upon Opening the Black Box and Finding It Empty: So-
cial Constructivism and the Philosophy of Technology,” Science, Technology, & Human
Values 18, no. 3 (1993): 364, https://doi.org/10.1177/016224399301800306.
29. Winner, “Upon Opening the Black Box and Finding It Empty.”
30. Leon E. Truesdell, The Development of Punch Card Tabulation in the Bureau of the
Census 1890-1940 with Outlines of Actual Tabulation Programs (Washington, DC: U.S.
Government Printing Office, 1965), https : / / books . google . be / books ? id =
MGZqAAAAMAAJ&dq.
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tems over the course of the 1880s.31 His original Tabulating Machine
Company (TMC) incorporated in 1886 was sold, merged and renamed to
the Computing-Tabulating-Recording Company (CTR) Company by 1911
and again changed under Thomas J. Watson Sr. in 1924 to the Inter-
national Business Machines (IBM).32 By the start of the twentieth cen-
tury, the punch card machines were transformed to offer an integrating
tabulator for accounting operations, effectively adapting the machine for
commercial use.33 The introduction of punch card machines and tabulat-
ing equipment changed the composition of the clerical work force, giv-
ing rise to the occupation of key punch operators, sometimes referred
to as punch girls.34 Although employment in clerical occupations dou-
bled between 1960 and 1981, some categories of jobs such as tabulat-
ing machine operators disappeared by 1976. In the insurance industry
for example, electronic data processing (EDP) related occupations such
as programmers and system analysts which were male dominated ex-
panded, however “keypunchers and computer operators expanded after
1961, but leveled off [as systems improved].”35 Overall, the “transition
to an automated office results in greater technical and bureaucratic con-
trol, as well as in general deskilling.” Heightened control can be mani-
fested in “narrowed skills, increased surveillance and machine monitor-
ing,” as well as “less control over personal space andmovement, greater

31. In 1884heapplied for a systemusing punchedpaper tape, followedby a card-based
system in 1887. Martin Campbell-Kelly, “Punched-Card Machinery,” in Computing Before
Computers, ed. William Aspray (Iowa State University Press, 1990), 124.
32. Campbell-Kelly, “Punched-Card Machinery,” 135-137.
33. Campbell-Kelly, “Punched-Card Machinery,” 145.
34. See for instance the foreword and the chapter by Thomas Haigh including the analy-
sis of a subversive advertisement titled “The Key-Punch Girls” in Thomas J. Misa, Gender
Codes: Why Women Are Leaving Computing (Hoboken, NJ: John Wiley & Sons, 2010), x,
62-63, https://doi.org/10.1002/9780470619926.
35. Roselyn L. Feldberg and Evelyn Nakano Glenn, “Technology and Work Degradation:
Effects of Office Automation on Woman Clerical Workers,” in Machina Ex Dea: Feminist
Perspectives on Technology, The Athene Series (New York: Pergamon Press, 1983), 62-
63.
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standardisation in work, and a heightened division of labor.”36 In a bib-
liography about the History of Computing, Computers and the Informa-
tion Processing Industry, James Cortada categorises literature on punch
card applications into commercial and scientific domains. The entries
paint a clear image of the commercial uses of punch cards first in the
1920s and 1930s when accounting far outnumbered other applications,
closely followed by the railroad industry and inventory control. Although
punch cards in the 1940s were still prominent in accounting, business
applications in manufacturing, payroll and personnel departments, as
well as sales were on the rise. Furthermore, utility companies expanded
their use of punch card equipment in the gas, fuel (including mining and
petroleum), water and electricity industry. Scientific applications in the
1930s and 1940s were mostly limited to mathematics and the natural
sciences.37 Section 2.2 discusses the use of punch cards in accounting,
as one of the most popular applications.

During and after the second World War the stored-program principle
where both instructions and data were stored together formed the ba-
sis of the general-purpose computers.38 The computer industry of the
1950s and 1960s was known as IBM and the Seven Dwarfs, being Bur-
roughs, Control Data Corp. (CDC), General Electric (GE), Honeywell, Na-
tional Cash Register (NCR), Radio Company of America (RCA) and Uni-
versal Automatic Computer (UNIVAC).39 Military and governmental inter-
est was often crucial to overcome economic barriers to create such large

36. Valerie Carter, “Office Technology and Relations of Control in Clerical Work Organi-
zation,” inWomen, Work, and Technology: Transformations, ed. Barbara Drygulski Wright,
Myra Marx Ferree, and Gail O. Mellow, Women and Culture Series (Ann Arbor: University
of Michigan Press, 1987), 207.
37. JamesW. Cortada,ABibliographic Guide to theHistory of Computing, Computers, and
the Information Processing Industry (Westport, CT: Greenwood Press, 1990).
38. Ceruzzi, A History of Modern Computing, 16-21.
39. J. Gregory and Fritz Barkley, “The Early Computer Industry,” in 50 Years of Army
Computing: From ENIAC to MSRC, ed. Thomas J. Bergin, A Record of a Symposium and
Celebration November 13 and 14, 1996 (Aberdeen Proving Ground: DIANE Publishing,
2000), 83, https://books.google.lu/books?id=iAr_Z1B494MC.
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general-purpose computers.40 In Germany a new calibration law encour-
aged clinical laboratories to incorporate computer systems as discussed
in section 3.3. Fortunately, healthcare institutions could afford a small
general-purpose computer, or connect to larger installations over tele-
phone lines.

The change from batch operating in mainframes to the minicomputer
as a personal interactive design are often attributed to the Apollomission
at NASA and its tight deadline.41 Section 4.2 indeed looks into the use of
minicomputers in the aerospace and commercial aircraft industry. The
minicomputer introduced engineers, scientists and others to direct in-
teraction with computers.42 The main characteristics of a minicomputer
were its architecture, size, and price.43 The PDP from theDECdid not only
reduce costs by allowing direct memory access, but by publishing speci-
fications and distributing them widely, they encouraged modification by
customers, since they could not afford to develop installation hardware
or software.44

In order tomove frommini- tomicrocomputers and later the personal
computer, several developments and forces needed to converge. On the
technical level, Ceruzzi identifiesmicroprocessors andmemory chipswith
more capacity developed by semiconductor engineers, in combination
with users advocating for public access to computing as the basis of the
evolution towards the personal computer.45 Intel designed the silicon
microprocessor in 1971 after a request from Busicom, a Japanese com-
pany specialised in handheld calculators.46 Hobbyists then made these
microprocessor-based systems practical, for example building their own
personalminicomputer encouragedby theJuly1974 issueofRadio-Electronics.47

40. MacKenzie and Wajcman, The Social Shaping of Technology, 26.
41. Ceruzzi, A History of Modern Computing, 124.
42. Ceruzzi, A History of Modern Computing, 24.
43. Ceruzzi, A History of Modern Computing, 125.
44. Ceruzzi, A History of Modern Computing, 127-129.
45. Ceruzzi, A History of Modern Computing, 211.
46. Ceruzzi, A History of Modern Computing, 218.
47. Ceruzzi, A History of Modern Computing, 224.
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The so-called first personal computer was designed by Edward Roberts
of the Altair, around the Intel 8080 microprocessor that cost less than
$400.48 This machine was not very reliable nor well-designed, but since
the specifications were not a company secret, others could improve on
it and make their own compatible cards and computers.49 By the 1980s
personal computers were used in education as section 5.3 discusses.

1.1.3 Human-Computer Interaction
The research areaof human-computer interaction (HCI) shifts focus away
from the general relation between society and technology towards the
interaction between the users and the computer.50 The user of the tech-
nology has been identified in many ways. Steve Woolgar speaks of con-
figuring the user or defining the identity of imagined users, constraining
potential future actions.51 Whereas Akrich envisions a script or scenario
inscribed in technology that attributes “specific competencies, actions,
and responsibilities to users and technological artefacts.”52 Since users
are a heterogeneous group, “designerswill, consciously or unconsciously,
privilege certain representations of users and use over others.”53

Before the emergence of the HCI research area in the early 1980s,
computer specialists themselves made design decisions based on their

48. Ceruzzi, A History of Modern Computing, 226.
49. Ceruzzi, A History of Modern Computing, 229.
50. John M. Caroll, Human Computer Interaction, ed. Mads Soegaard and Rikke Friis
Dam, 2013, 21, https://www.interaction-design.org/literature/book/
the - encyclopedia - of - human - computer - interaction - 2nd - ed / human -
computer-interaction-brief-intro.
51. SteveWoolgar, “Configuring the User: The Case of Usability Trials,” in A Sociology of
Monsters: Essays on Power, Techology and Domination, ed. John Law (London: Routledge,
1991), 59.
52. Madeleine Akrich, “The De-Scription of Technical Objects,” in Shaping Technol-
ogy/Building Society: Studies in Sociotechnical Change, ed. Wiebe E. Bijker and John Law
(Cambridge, MA: MIT Press, 1992), 207-208.
53. Nelly Oudshoorn and Trevor Pinch, How Users Matter: the Co-Construction of Users
and Technology, Inside Technology (Cambridge, MA: MIT Press, 2005), 10.
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own ideas of future users. Some even used the I-methodology and envi-
sioned users based on their own experience, making design choices ac-
cording to their own references.54 Furthermore, a designer’s own iden-
tity is often reflected in the design.55 The discourse of designers exposes
their prejudices in user configuration and illustrateswhichusers theypriv-
ilege.

Sociologists and media archaeologists have tried to identify several
‘ideal’ types of users as concepts to guide research. Andreas Fickers,
for example, has identified eight Nutzerperspektiven, namely the imag-
ined user, the configured user, the expert user, the amateur user, the
remembered user, the re-enacted user, the artistic user, and the simu-
lated user.56 Since the research is not concerned with the imagined user,
the artistic user, and the simulated user, table 1.1 only contains five user
perspectives. Furthermore, the table contains a description or character-
isation of each user type, as well as a list of general sources that might
mention such users.

In the design, development, and marketing, the configured user be-
comes most prominent and can be derived from sources such as adver-
tisements, the discourse in user manuals, and descriptions in patents.
Furthermore, table 1.1 separates the expert and amateur user mostly
based on the difference between the assessment of potential use and
forms of actual appropriation. I suggest to group the users included in
technical literature, amateur and expert magazines under the term every-
day user. The everyday user refers to userswho adopt technology in their
everyday life, which “denotes the routine activities of human existence,

54. Els Rommes, Ellen Van Oost, and Nelly Oudshoorn, “Gender in the Design of the Dig-
ital City of Amsterdam,” Information, Communication & Society 2, no. 4 (January 1999):
476–495, https://doi.org/10.1080/136911899359510.
55. Nelly Oudshoorn, Els Rommes, and Marcelle Stienstra, “Configuring the User as Ev-
erybody: Gender and Design Cultures in Information and Communication Technologies,”
Science, Technology, & Human Values 29, no. 1 (January 2004): 30–63, https://doi.
org/10.1177/0162243903259190.
56. Andreas Fickers, “Hands-on! Plädoyer für eine experimentelle Medienarchäologie,”
Technikgeschichte 82, no. 1 (2015): 70-71, https://orbilu.uni.lu/handle/1099
3/21281.
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including at work, at home, or in leisure time.”57

User Perspectives Characterisation General Sources

Configured
User

User strategies defined by industry,
manufacturer or marketing department
and staged in advertising.

Advertising, user manuals,
patents.

Experts

Scientific-objective assessment of
potential uses (objective promise of
performance) based on expert
discourse.

Technical literature,
product testing magazines,
consumer magazines, blogs.

Amateurs
Forms of actual appropriation and
use tactics discussed in
exchange-oriented publications.

Amateur magazines,
fan sites, blogs, how-to
manuals/videos, club
magazines.

Remembered
User

Memories of use co-constructed in
oral history interviews or subjective
descriptions of user experiences
recorded in ego documents.

Oral history interviews,
diaries, ego documents,
questionnaires.

Re-enacted
User

Artificially staged experiments of
appropriation and use; making tacit
knowledge explicit by reconstruction.

Objects, devices,
reconstructions,
ethnographic records,
scripts, laboratory notes.

Table 1.1: User types defined by Andreas Fickers, “Hands-on! Plädoyer
für eine experimentelle Medienarchäologie,” Technikgeschichte 82, no. 1
(2015): 70-71.

MargretheAune identifies four phases in the process of domesticating
technology or how “technology is adapted to everyday life [and] everyday
life’s adaption to the technology”: appropriation, objectification, incorpo-
ration, and conversion.58 Appropriation refers to the reason for acquir-
ing a computer, whereas objectification studies how a user perceives the
computer and the physical location of the object. Incorporation demon-

57. Merete Lie and Knut H. Soerensen, eds.,Making Technology our own? Domesticating
Technology into Everyday Life, 2nd ed. (Oslo: Scandinavian University Press, 2002).
58. Margrethe Aune, “The Computer in Everyday Life: Patterns of Domestication of a
NewTechnology,” inMaking Technology our own? Domesticating Technology into Everyday
Life, 2nd ed., ed. Merete Lie and Knut H. Soerensen (Oslo: Scandinavian University Press,
2002), 93-94.
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strates the impact of a computer on patterns of use, whereas conversion
refers to the values and culture of the user presented to the world.59

The remembered and re-enacted users reflect on, or reconstruct their
past experience of working with computers. First and foremost, the re-
membered user appears in the research through existing oral history in-
terviews and museum observations.60 Second, I will include re-enacted
users through experiments with preserved and operational computers
maintained and accessible in museums and labs. Although user types
are idealised versions of actual users, they can point out some interesting
differences in the perception and use of computing devices. In addition,
some of the facets of the identity of an ideal or real user, can be found in
the intersectionality framework explained next.

1.1.4 Intersectionality and Gender
Stereotypes in themedia representations of computer users in particular
function mostly in a framework of intersectionality, a concept developed
byKimberlé Crenshaw in her study of violence againstwomenof colour.61
The OED defines the sociological use of intersectionality as:

The interconnected nature of social categorisations such as
race, class, and gender, regarded as creating overlapping and
interdependent systems of discrimination or disadvantage; a
theoretical approach based on such a premise.62

Constructions of identity need to acknowledge intragroup differences.
Furthermore Crenshaw distinguishes structural, political, and represen-

59. Aune, “Computer in Everyday Life,” 95.
60. For instance from one of the following collections: Archives of IT, https://archi
vesit.org.uk/; Oral Histories, accessed November 22, 2021, https://computerhi
story.org/oral-histories/; Oral History of British science, accessed November 22,
2021, https://sounds.bl.uk/Oral-history/Science.
61. Kimberle Crenshaw, “Mapping the Margins: Intersectionality, Identity Politics, and
Violence against Women of Color,” Stanford Law Review 43, no. 6 (1991): 1241–1299,
https://doi.org/10.2307/1229039.
62. intersectionality, n., 2015, https://www.oed.com/view/Entry/429843.
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tational intersectionality focusing on institutions, political affiliations and
discourse respectively.63 As Roopika Risam explains in Beyond the Bor-
ders intersectionality can provide the necessary framework to “identify
strategies for greater intellectual diversity in the field.”64 Furthermore,
“as a lens for scholarship in the digital humanities, intersectionality re-
sists binary logic, encourages complex analysis, and foregrounds differ-
ence.”65 Therefore, intersectionality forms the theoretical framework for
the influence of media representation of technology and its users on gen-
der stereotypes in computing.

In my research, gender refers to the psychological and sociological
use of the term which originated in the United States, and is defined by
the OED as follows:

The state of beingmale or female as expressedby social or cul-
tural distinctions and differences, rather than biological ones;
the collective attributes or traits associated with a particular
sex, or determined as a result of one’s sex.66

In order to understand how we think about gender, gender theorists
study “howbinaristic understandings of femininity andmasculinity shape
the ways we perceive gender, and how the assumption of heterosexual-
ity determines thewayswe constitute that femininity andmasculinity.”67
Individuals get an assigned place in a binary structure of gender, which
in Western societies often privileges the male over the female.68 Gender
can also be analysed through the feminist lens where gender is treated
as the cultural or social construction of sex, whereas sociology and an-
thropology understand gender as a set of meanings that sexes assume in

63. Crenshaw, “Mapping the Margins.”
64. Roopika Risam, “Beyond theMargins: Intersectionality and the Digital Humanities,”
DHQ: Digital Humanities Quarterly 9, no. 2 (January 2015): 3, http://www.digitalhu
manities.org/dhq/vol/9/2/000208/000208.html.
65. Risam, “Beyond the Margins,” 3.
66. gender, n., 2011, https://www.oed.com/view/Entry/77468.
67. Anne Cranny-Francis, WendyWaring, and Pam Stavropoulos, Gender Studies: Terms
and Debates (Basingstoke: Palgrave, 2003), ix.
68. Cranny-Francis, Waring, and Stavropoulos, Gender studies.
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particular societies.69 In addition to gender, other factors of intersection-
ality such as sexuality, ethnicity, nationality, race and class will be taken
into account.

1.1.5 Inequality in Computing
Inequality in computing can be studied on several levels, not in the least
at the level of financial, physical and occupational access to computing.
SallyWyatt and GrahamThomas studied access, usage and control of the
internet and suggest “that inequalities in consumption patterns are not
only a function of, inter alia, place, education, race, income and gender,
but are also boundupwith the structures of theproduction of the Internet
itself.”70 Too often researchers assume a trickle-down or catch-up vision
where the initial inequalities of access and use disappear or reduce after
the establishment of a technology.71 The trickle-down theory however
displays threemain fallacies, since growth is not evenly distributed, does
not continue and does not imply a decrease in inequality.72

Whenpeople enter the labourmarket, inequality presents itselfmostly
in terms of occupational segregation. One model to understand an occu-
pation’s composition is the dual-queuing process described by Barbara
Reskin and Patricia Roos. In this model labour queues indicate how em-
ployers rankgroupsof employees in termsof preferability, and jobqueues
describe howemployees rank jobs in terms of attractiveness.73 In this dy-
namic we can also understand how the gender balance changed for the
field of computing over the last century.

69. Cranny-Francis, Waring, and Stavropoulos, Gender studies.
70. Graham Thomas and Sally Wyatt, “Access is not the only Problem: Using and Con-
trolling the Internet,” in Technology and In/equality: Questioning the Information Society,
ed. Sally Wyatt et al. (London: Routledge, 2000), 23.
71. Thomas and Wyatt, “Access is not the only Problem,” 27.
72. Thomas and Wyatt, “Access is not the only Problem,” 27-31.
73. Barbara F. Reskin and Patricia A. Roos, Job Queues, Gender Queues: Explaining
Women’s Inroads Into Male Occupations, Women in the Political Economy (Philadelphia:
Temple University Press, 1990), 29, https://books.google.lu/books?id=aZJGo_
3sInIC.
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In the1940s, computer operationandprogrammingwasviewed
as women’s work - but by the 1960s, as computing gained
prominence and influence, men displaced the thousands of
womenwhohadbeenpioneers in a feminizedfieldof endeavor,
and the field acquired a distinctly masculine image.74

This change in perception and composition of computer operation and
programming occurred in both British and American projects, employing
women first as human computers performing manual calculations and
later as computer operators andprogrammers.75 Yet from themid-1960s
onward, “labor shortages first helped women stay in the field, then even-
tually removed them from it” as a consequence of the rise in status and
pay.76

Despitewomenentering thefieldof computing in the1970sand1980s,
they constituted less than one-third of the entire workforce.77 They only
entered specific computer occupations including as systemanalysts, pro-
grammers, operators, and data-entry operators and were employed in
“lower-paid specialties, while men monopolized the higher-paid jobs.”78
Employers resorted to women because of a shortage of male computer
specialists during the 1970s, which was exacerbated by men leaving the
occupation due to declining rewards.79 On the one hand, the increased
need for “people” skills of system analysts traditionally associated with
women, probably encouragedemployers tohirewomen insteadofmen.80
Women on the other hand were drawn to the field of systems analysis be-

74. Marie Hicks, Programmed Inequality: How Britain Discarded Women Technologists
and Lost Its Edge in Computing (Cambridge, MA: MIT Press, 2017), 1.
75. Hicks, Programmed Inequality, 21.
76. Hicks, Programmed Inequality, 102.
77. Katherine M. Donato, “Programming for Change? The Growing Demand for Woman
Systems Analysts,” in Job Queues, Gender Queues: Explaining Women’s Inroads Into Male
Occupations, ed. Barbara F. Reskin and Patricia A. Roos, Women in the Political Economy
(Philadelphia: Temple University Press, 1990), 170.
78. Donato, “Woman System Analysts,” 170, 182.
79. Donato, “Woman System Analysts,” 181.
80. Donato, “Woman System Analysts,” 181.
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cause of “growing job opportunities and projections of continued growth
and by the rewards that the occupation offers.”81

1.2 Re/constructingComputingExperiences
Computers, users, and applications have evolved between the 1940s and
the 1980s. Applications were no longer limited to the military, scientific,
and government domain. By the end of the 1980s, computers had per-
meated society and people of all ages, experts and amateurs, started us-
ing computers in their everyday lives. Since the research covers such a
diverse and vast array of machines, users, and applications, the scope
needs to be clearly delineated.

This research approach “(1) adapts both a retro and current view of a
case or case studies, (2) incorporates existing data sources and develops
new ones, and (3) generates both specific and general types of knowl-
edge.”82 In general, case studies lend themselves well to exploratory
research of a general phenomenon, yet still provide in depth knowledge
and can potentially uncover causal relations.83 Michael M. Widdersheim
distinguishes between studies of the distant past (history), and those of
the present (case study), which in turn rely on different types of sources
and result in other types of knowledge. In reality such a strict separa-
tion between past and present is unnecessary, especially since the his-
torical case study research strategy combines both. The main difference
between the two lies in the availability of and approach to sources.

History as a research strategy “relies on archival documents to de-
scribeandexplainphenomena froma time that canno longerbeobserved
directly or fromwhich few if anyobservers still exist,” and results in unique

81. Donato, “Woman System Analysts,” 181.
82. MichaelM.Widdersheim, “Historical Case Study: AResearch Strategy for Diachronic
Analysis,” Library and InformationScienceResearch40, no. 2 (2018): 144,https://doi.
org/10.1016/j.lisr.2018.06.003.
83. John Gerring, Case Study Research: Principles and Practices (Cambridge: Cambridge
University Press, 2007), quoted in Widdersheim, “Historical Case Study,” 145.
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or ideographic knowledge “specific to a particular case or cases.”84 Case
studies however, rely “on existing documents such as reports or source
materials,” but they also “generate new source materials such as inter-
view transcripts, survey responses, and fieldwork notes from first-hand
observations.”85 My research falls into the categories of a comparative
case study and of comparative history, therefore qualifying as a histori-
cal case study. The cases cover institutions and corporations from the
United Kingdom, the United States, and Germany, spanning roughly fifty
years between the start of the1940s and the endof the1980s. Therefore,
the research is composed of several caseswith both spatial and temporal
variation in contemporary history. These variations allow for a complex
narrative, rather than a reductionist, or oversimplified, history of comput-
ing.

1.2.1 Case Studies in Material Culture
First and foremost, objects take centre stage for each case. Therefore,
the research can be classified as the study ofmaterial culture. The focus
on the physical attributes of objects originates in art history where Jules
David Prown developed amethod involving three stages: description, de-
duction (of connections between people and objects) and to a smaller
extent speculation of why the object came into use.86 Material culture
studies objects that form an integral part of human experience.87

Initially, each case study represented a type of computer that differed
in medium used, size, price, and application domains. In this stage, the
five cases centered around: punch card equipment, a mainframe, a mini-
computer, microcomputer, and a personal computer. After exploratory
visits to severalmuseums in theUnitedKingdom,Germany, and theUnited

84. Craig J. Calhoun, Dictionary of the Social Sciences (Oxford: University Press, 2002),
224, quoted in Widdersheim, “Historical Case Study,” 145.
85. Widdersheim, “Historical Case Study,” 145.
86. Karen Harvey, History and Material Culture: A Student’s Guide to Approaching Alter-
native Sources (London: Routledge, February 2013), 2.
87. Harvey, History and Material Culture, 3.
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States, I refined the selection to specific computer manufacturers and
models. In chronological order, the first case study focuses on Reming-
tonRandandPowers-Samasequipment for punch cards; the secondcase
study revolves around IBM’s S/360 as one of the first and highly success-
ful mainframes; third, a popular minicomputer developed by the DEC,
called the PDP-11, lies at the basis of the next case; fourth, classrooms
full of BBC Micros in two British museums illustrated the importance of
thismicrocomputer in theUnitedKingdom; andfinally, thefifth case study
looks into the Apple IIe personal computer.

Aside from the selection of computing devices for each case study,
this research focuses on the occupational segregation, working condi-
tions and media representation of computer users. Therefore, this re-
search is object-driven rather than object-centered, since its main objec-
tive lies in reconnecting objects to their historical contexts.88 In material
culture “objects tend to be meaningful, rather than merely communicat-
ing meaning.”89 Their very materiality causes objects to play a role in
“creating and shaping experiences, identities and relationships.”90 At the
basis of material culture lies the following assumption:

Human-made objects reflect, consciously or unconsciously,
directly or indirectly, the beliefs of the individuals who com-
missioned, fabricated, purchased or used them, and by exten-
sion, the beliefs of the larger society to which these individu-
als belonged.91

In order to understand objects in context, Henry Glassie identified
three master contexts of objects to study, namely “creation, communi-

88. Bernard L. Herman, The Stolen House (Charlottesville, University Press of Virginia,
1992), 7, https://books.google.lu/books?id=irmGQgAACAAJ, quoted in Harvey,
History and Material Culture, 2.
89. Daniel Miller and Christopher Tilley, “Editorial,” Journal of Material Culture 1, no. 1
(March 1996): 8, https://doi.org/10.1177/135918359600100101.
90. Harvey, History and Material Culture, 5.
91. Jules David Prown, “The Truth of Material Culture: History or Fiction?,” in History
from Things: Essays on Material Culture (Washington, DC: Smithsonian Institution, June
2013), 1, quoted in Harvey, History and Material Culture, 6.
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cation and consumption” which translates to design, production, sales,
installation, applications and use of computing devices.92 One context
particularly important to historians and missing from Glassie’s master
contexts however is the phase of decommission or reuse. This cycle of
recurrent events as visualised in figure 1.1 lies at the basis of the compar-
ison between the distinct computer models.

Each computer was paired with a particular application, based on the
user types introduced by Andreas Fickers and the initial exploration of
archival sources. The punch card equipment from both Remington Rand
in the United States and Powers-Samas in the United Kingdom was pro-
moted and used at Helena Rubinstein’s make-up concern for accounting
during the 1940s and 1950s. Particular IBM S/360 programs were writ-
ten for a clinical chemistry laboratory at the university hospital of Tübin-
gen and in German healthcare generally from the end of the 1960s on-
ward. In the 1970s the American company DEC sold their PDP-11s to
several North-American airlines, as well as the aerospace agency NASA.
Then in the 1980s computers entered education with the introduction of
the BBC Micro in primary and secondary schools in the United Kingdom,
and Apple’s IIe following suit in the United States.

In the overview provided in table 1.2, each case study and application
is paired with the user perspectives they represent, as well as the type
of source containing information that pertains to certain users. Firstly,
sources for all case studies contain information about the configureduser
in both advertisements and manuals. Secondly, technical literature for
the expert user is most easily found for IBM’s S/360, whereasmagazines
for the avid amateur focused more on the most recent case studies such
as DEC’s PDP-11, and the BBCMicro and Apple IIe. Third, an exceptional
find of ego documents recorded the use of Powers-Samas equipment in
Helena Rubinstein’s punch operator room in London. Furthermore, oral
history interviews in existing repositories also co-construct the remem-
bered user for the BBC Micro and Apple IIe case study. Finally, I have

92. Henry Glassie, Material Culture (Bloomington: Indiana University Press, 1999), 48,
quoted in Harvey, History and Material Culture, 11.
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staged experiments with both the microcomputer and the personal com-
puter to study the re-enacted user.

Case Study Sources User Type Application

Punched Cards Advertisement, Manuals
Ego Documents

Configured
Remembered

Accounting at
Helena Rubinstein
in London

IBM S/360 Advertisement, Manuals
Technical Literature

Configured
Experts

German Healthcare
Clinical Chemistry
Laboratory

DEC PDP-11 Advertisement, Manuals Configured American Aerospace
Industry

BBC Micro
Apple IIe

Advertisement, Manuals
Magazine
Interviews

User Experiments

Configured
Amateurs
Remembered
Reenacted

Education in the
United States and
the United Kingdom

Table 1.2: Case studies

1.2.2 Source Collection and Content Analysis

Since the research is object-driven, I will first discuss twomethods inma-
terial culture, namely object biographies and life cycle studies. Further-
more, the museum visits served as the basis for the selection of comput-
ing devices for the cases outlined earlier. Understanding the use and ap-
plication of these machines required further archival research. The sec-
ond section will therefore focus on the selection of archival sources, as
well as source annotation and content analysis. Content analysis can be
split into discourse analysis for textual sources, visual analysis for images
andadvertisements, andmulti-modal discourseanalysis for sources com-
bining (moving) images, text, and other modes of displaying information.
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Museum Objects
Within the category of objects, two subcategories can be defined: arte-
facts made by humans and specimens found in nature. However, speci-
mens can also refer to “something that will be viewed, studied and col-
lected” therefore receiving special attention and receiving some sort of
legitimisation.93My research project focusesmostly on artefacts studied
based on the specific method called a life cycle study, which can be com-
bined with an object biography for specific case studies. Karin Dannehl
explains that this methodology studies the complete trajectory of an ob-
ject from production, over distribution to consumption and sets out the
stages in the life cycle of these objects either highlighting generic fea-
tures (life cycle study) or considering exceptional features (object biogra-
phy) of one specific object or a set of objects. Surviving objects are the
exception even if they are used to describe generic features, and often
the routines of use are removed within museums to protect the artefacts.
As a result, the context of use is often lost for museum objects.94 Yet mu-
seums are essential for the research of object since “the experiences of
weight, surface texture, sound and smell are part of the physicality of ob-
jects. They are an essential part of what artefacts have to offer the histo-
rian.”95 Harvey herself describes the main steps in the research process
of material culture as including a description of the object itself, its place
in the historic context and the place of the object in a socio-cultural con-
text.96

In order to study the physical objects in detail and select particular
computer models, I visited several museums. The collections of muse-
ums with a particular focus on computer history suited this research bet-
ter than the collections of general scientific museums or museums of

93. Eilean Hooper-Greenhill,Museums and the Interpretation of Visual Culture, Museum
Meanings 4 (London: Routledge, 2000), 106.
94. Karin Dannehl, “Object Biographies: From Production to Consumption,” in History
andMaterial Culture: A Student’s Guide to Approaching Alternative Sources (London: Rout-
ledge, February 2013), 123, 127.
95. Dannehl, “Object Biographies,” 130.
96. Harvey, History and Material Culture, 15.
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technology. In the following paragraphs, museums and their collections
are grouped by country in accordance with the research process.

The Centre for Computing History (CCH) in Cambridge is open to the
public since 2013, and received the United Kingdom national museum
accreditation in 2019. The museum’s accreditation guarantees not only
attention to the public displays, but also a strategy formanaging and con-
serving objects and sources that are not on display. Since exhibitions are
highly curated, a view of machines in storage can reveal just how much
of the collection is hidden from the general public. Fortunately, I was al-
lowed access to the computers in storagewith the added expertise of one
of the main curators who could remember the origins well as life cycle of
many objects. At the CCH, I first realised how important the BBC Micro
was in the United Kingdom’s history of computing thanks to the curator’s
personal account and enthusiasm, as well as the 80s classroom display
and racks full ofmicrocomputers in the depot. Furthermore, TheNational
Museum of Computing (TNMOC) in Bletchley Park also taught children to
program in BASIC on the BBC Micros in their classroom.

InGermany I visited theHeinz-NixdorfmuseumsForum (HNF) inPader-
born and the section Informatik of theDeutschesMuseum (DM) inMünich.
In both German museums, mainframes such as the Einheitliches System
Elektronischer Rechenmaschinen (ESER) 1055 from the former German
Democratic Republic or East Germany, and the IBMS/360model 20 from
the former Federal Republic of Germany or West-Germany caught my at-
tention. Researchers from the Forschungsinstitut für Wissenschafts- und
Technikgeschichte at the DM however advised against such a comparison.
Professor Ulf Hashagen, who co-curated the collection of the HNF, said
that few additional sources exist for the ESER 1055.97 Furthermore, pro-
fessor Helmut Trischler mentioned that other researchers were already
focusing on the history of computing in the former Soviet Union, and East
Germany in particular.98 A final argument against such a comparison is

97. Professor Dr. Ulf Hashagenwas curator and head of the scientific department at the
HNF between 1993 and 2000, and currently leads the Forschunginstitüt für Technik- und
Wissenschaftsgeschicthe.
98. Professor Dr. Helmuth Trischler is the head of research at the DeutschesMuseum in
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that the East-German computer falls outside the scope of the mainframe 
case study, since the ESER 1055 was only compatible and therefore com-
parable with a later model of the IBM mainframe, the System/370 which 
was introduced about a decade later. Instead, the IBM S/360 model 20 
was selected for the mainframe case study, mainly due to its international 
success, and widespread adoption.

The third series of museum visits to the United States required more 
preparation. The final selection of case studies was therefore based on 
literature and the archival finding aids of the Computer History Museum 
(CHM) in Mountain View, California. Their core collection came from The 
Computer Museum in Boston, which in turn continued the computer his-
tory collection of the DEC in Maynard Massachusetts.99 Since DEC was 
a small but successful manufacturer of minicomputers, with the PDP-
series and the PDP-11 in particular now representing the third case. Fur-
thermore, the museum also dedicated an entire gallery to the IBM S/360 
in their permanent exhibition Revolution: 2000 years of computing which 
opened in 2011. The red thread throughout all United States museums 
was the presence of one or more computers from the 1980s until the 
present. When preparing a user experiment at the Media Archaeology 
Lab (MAL) started by professor Emerson at the University of Boulder 
Colorado, I decided on the Apple IIe because of the availability of original 
software and user manuals alongside the PC itself. The Living Computers 
Museum+Labs (LCM+L) in Seattle confirmed the selection of the Apple 
IIe for a comparison with the BBC micro in education, since it dedicated 
a special exhibition to the American classroom of the 1980s in November 
2018 and showed mostly Apple IIe’s for visitors to interact with.

Munich, professor ofmodern history and thehistory of technology at Ludwig-Maximilians-
Universität Munich, and one of the directors of the Rachel Carson Center. The following
volume covers computing in Eastern Europe: Christopher Leslie andMartin Schmitt, eds.,
“Histories of Computing in Eastern Europe,” IFIP Advances in Information and Commu-
nication Technology (Cham: Springer International Publishing, 2019), https://doi.
org/10.1007/978-3-030-29160-0.
99. Victoria Rozycki, The Computer Museum Archive, February 2015, http://tcm.co
mputerhistory.org/.
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Although many museums displayed punch card machines, the deci-
sion to focus on Remington Rand and Powers-Samas was based on the
archival research, rather than the museum visits. At the Shustek Cen-
ter of the CHM in Fremont, California, I found an advertisement focused
on the use of the Remington Rand Synchromatic at Helena Rubinstein’s
company. Later I discovered an entire folder at the CCH donated by a for-
mer employee of Helena Rubinstein who managed a staff of fifty punch
card operators in London. Aside from material objects, the availability
of archival sources further determined the selection of case studies and
computer applications in particular.

Archival Sources

In the United States, the first archive visit was the CHM archive (CHMa)
in the Shushtek center mentioned previously. Not only does the CHM
website offer a general search through the metadata of their items, but
they also make archival finding aids available to browse through differ-
ent collections. I first focused on the collections concerning DEC, fol-
lowed by the IBM S/360, and finally miscellaneous sources related to
punch card equipment and the Apple IIe. The most prominent source
for IBM were the manuals from the S/360 bibliography to which most
system summaries and hardware manuals belonged. The DEC sources
however consisted of correspondence with and meeting reports for Ken
Olsen, CEO of the minicomputer manufacturer. A rather exceptional col-
lection of company photographs shows themyriad of applications for the
PDP-11 amongst others. Finally, for nearly all case studies a number
of advertisements and user guides were included in the collection. The
second large archive on the itinerary belonged to the LCM+L (LCM+La).
Rather than having the option to browse the collection without a prede-
fined set of key terms, the museum used an online public access catalog
(OPAC). An unexpected find in this collections was the book cover image
taken from the perspective of a female punch card operator at the IRS in
1962.

In Germany, the archivist of the DM Archiv (DMa) pointed out a Ver-
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waltungsarchiv containing correspondence related to the acquisition of
computers in the Informatik exhibition. Aside from the letter related to
the IBM S/360 model 20 on display, it also included another offer for the
samemachine thatwas turneddownby themuseum. The second archive
collection relevant for this researchwere the Firmenschriften for IBM con-
taining German advertisements for the S/360, as well as a Bildcatalog
showing the production plant and process, the company history, and the
photographs used in advertisements.

In the United Kingdom, the most interesting collection from TNMOC
archive (TNMOCa) was the fully digitised photo archive of the Computer
Weekly magazine, as well as the integral archive of the BeeBugmagazine
which centered specifically around the BBC Micro. The archive also con-
tained software, of which especially the business software ’VIEW’ devel-
oped by Acornsoft for the BBCMicro was useful. The CCH archive (CCHa)
has an extensive online catalogue that can be searched and browsed sim-
ilar to browsing a file directory. Furthermore, objects are also linked to
related software, magazines, and sources in the catalogue. Next to soft-
ware and manuals, the main find mentioned earlier was a box containing
particular instructions, notes and punch cards, aswell as advertisements
from the accounting division of Helena Rubinstein in London. Finally, the
BBC Written Archives Center (BBC WAC) was the only corporate archive
consulted for this research, with the exception of DEC’s company papers
at the CHMa. The archive collection mainly contained meeting notes and
correspondence between the BBC and Acorn, who developed and pro-
duced the BBC Micro. Some advertisements were also included, as well
as several independent consultancy reports looking into: distribution and
customer relations, production management, marketing strategies, and
Acornsoft. Furthermore, another collection focused on The Computer Pro-
gramme, the 1980s television show that kick started The Computer Liter-
acy Project and the creation of the BBC’s microcomputer.

Due to the large geographical distribution of archives and museums
and the confines of the research budget, the duration of archive visits
was often limited. As a result, each visit was meticulously prepared and
analysis postponed until after the visit. Before the visit selected sources
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were listed in a spreadsheet, and after a first inspection of sources I de-
cided on whether to photograph the item or not.100 In the spreadsheet I
indicated which items were actually consulted and photographed. After
each day at the archive or museum, between 200 and 700 photographs
were transferred onto an external 2TB SSD drive and my laptop, keeping
the original file names to preserve the original order into a folder for each
institution. Table 1.3 provides an overview of the number of photographs
as well as the file size for each museum or archive folder.

Institution Photos Size (in GB)
BBC Written Archives Centre (BBC WAC) 5,324 17.16
Centre for Computing History (CCH) 618 2.42
Centre for Computing History archive (CCHa) 1,726 6
Computer History Museum (CHM) 434 1.59
Computer History Museum archive (CHMa) 2,574 9.78
Deutsches Museum (DM) 266 1.01
Deutsches Museum archiv (DMa) 578 2.03
Heinz-Nixdorf museumsForum (HNF) 895 3.46
Living Computers Museum+Labs (LCM+L) 437 1.64
Living Computers Museum+Labs archive
(LCM+La) 3,528 13.26

Media Archaeology Lab (MAL) 596 2.05
The National Museum of Computing History
(TNMOC) 470 1.85

The National Museum of Computing History
archive (TNMOCa) 635 5.73

Table 1.3: Digital collection

In combination with the photographs of museum objects, I gathered
over 18.000 images as well as personal notes made during the visit and

100. All digitised sources were photographed with a Fujifilm X20 camera in FinePix Text
setting or full-automatic SD+ mode.
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the spreadsheets containing short descriptions, dates, location (i.e. col-
lection, box, and folder) and identifiers such as the catalogue number or
bar-code. In order to group photographs in accordance with the original
items in the collection and correctly reference primary sources, aswell as
to locate the relevant sources during the writing phase, this personal dig-
ital collection needed to be organised, annotated, and have metadata in-
serted. Themetadata needed to be rigid enough to relocate a source, yet
flexible enough to reorganise and recombine sources according to topic
to facilitate the analysis.

Museum and Archive Workflow
For archive visits, I brought: a camera, SD-card reader, and external hard
drive to transfer andback-up thephotographs, the reMarkable e-ink tablet
to take notes, MacBook to go over the list of items and quickly look up ad-
ditional information, and chargers for each just in case. In museums I
carried a camera, tablet to take notes on guided tours, and smartphone
to record functioning computers.

The workflow developed for documenting a single machine started
with an overview photograph of the setup, then detailed images of each
component or peripheral such as the screen, keyboard, or mouse, fol-
lowed by the object description. The bottom of the mouse in particular,
and in some cases, exceptional inscriptions or signs of wear were also
interesting, such as the names of schools printed on some of the BBC Mi-
cro computers. Furthermore, a photograph taken from the side helped
to grasp the dimensions of the object. Photographs of archival sources
included the folder or item number where possible, at least for the first
and/or last photograph of the same source to distinguish them later on.
Furthermore, respecting the order of a sourcebyphotographing onepage,
folder, or object after the other saved time in comparing notes to pho-
tographs later on.

After the archive and museum visit, I developed a collection in Tropy
for each case study.101 Tropywas developed by the Roy Rosenzweig Cen-
101. The workflow and use of digital asset management tool Tropy was first described
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ter for History and New Media (RRCHNM), who also developed the bibli-
ography management tool Zotero.102 While browsing all photographs, I
wouldwrite down thefile namesof the selection, and thenupload them to
the specific collection. In the next stage photographs would be grouped
and enriched with metadata including the correct source (e.g. museum
or archive), as well as rights (e.g. educational, non-commercial use only)
determined by the institution’s policy. For each source or institution I cre-
ated a separate metadata template based on the information available
in the catalogue of the institution and additional research needs. I also
added some tags such as image,mainframe, or usermanual to filter items
later on. Noteswere very useful for transcribing any text on the image (ex-
cept for full pages, unless very valuable), but can also be used to formu-
late ideas or thoughts, and will show up in search results. Besides tran-
scribing sources, Tropymakes comparisons between sources from differ-
ent institutions easier since tags help to discover links between sources.
Nevertheless, tags also further de-contextualise sources from the origi-
nal order in the archive and the collection the original source belonged
to. Tagging is always a trade-off between few but broad terms, andmany
but narrow terms; consistency and maintaining the overview are key.

Although themetadata adheres to existing linkeddata (LD) ontologies,
sharing photographs is complicated by copyright laws and institutional
policies. The metadata can only be exported to JSON-LD or Omeka S, a
web publication system from the same developers. Files are stored lo-
cally which prevents both synchronisation between different machines
and collaboration with others. Fortunately, the range of media Tropy can

in this blogpost: Sytze Van Herck, Annotating Sources: Digital Asset Management for His-
torians, May 2019, https://dhh.uni.lu/2019/05/23/annotating-sources-
digital-asset-management-for-historians/ and an entire book chapter will
be dedicated to digital asset management in Andreas Fickers and Juliane Tatarinov, eds.,
Digital History and Hermeneutics: Between Theory and Practice (De Gruyter Oldenbourg,
2022), https://www.degruyter.com/document/isbn/9783110723991/html.
102. This dissertation was typeset in LaTeX using Overleaf, with automated references
imported from Zotero. The font used throughout the publications - and chosen deliber-
ately - is called IBM Plex.
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import, as well as remote access and cloud storage are underway.103 For
now, the strength of Tropy is the improved navigation of large photo col-
lections with a powerful search, tag and annotation. Although organising
sources, adding metadata, tagging and transcribing is time consuming,
data asset management tools definitely save time in the final and crucial
writing phase.

In short, the following simple solutionsmight benefit other researchers
working with a large and diverse collection of sources. Selecting sources
based on an archive catalog before the archive visit, and adding check
boxes to track which items are actually added to the researcher’s per-
sonal collection, speeds up the process on site. Sources can be digi-
tised by scanning, photographing, or recording, depending on the avail-
able tools and the needs of the project. Do not forget to obtain permis-
sion or check the institutional policy for digitising sources. For texts, a
portable or on-site scanner might result in a higher quality needed for
optical character recognition (OCR), but scanning is often more time con-
suming and expensive if institutions charge for the service. When pho-
tographing texts, choose the appropriate camera setting; consider the
perspective to grasp the dimensions of objects, or use methods from ar-
chaeology to track dimensions and colours for high-quality scientific pho-
tographs; photographing images can be challenging in terms of lighting,
especially in darker archives. Any historian or archivist knows to respect
the original order of sources in archives (respect des fonds, respect de
l’ordre), which translates to: digitising sources sequentially, including the
locator or IDwhere possible, retaining the file name assigned by the cam-
era, and using a good structure of file folders (e.g. grouped by archive).
Based on the available information from archives, museums, or in the
source itself, addingmetadata is useful for later analysis andproper source
references. Whether sources are organised in spreadsheets or digital as-
set management software is less relevant, than the ability to group and
regroup photographs of items, annotate sources, and filter and search

103. Sean Takats, Next Steps for Tropy, October 2018, https://tropy.org/blog/
next-steps.
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the collection.

Discourse Analysis

A method for describing each case study according to standardised cri-
teria “facilitates the comparison of [cases] according to the same mea-
sures.”104 Depending on the type of source, a different form of discourse
analysis will be applied. Discourse analysis can be applied to both text
and (audio)visual material and is especially important in answering ques-
tions on occupational segregation, the perception of working conditions
and the influence of media representation on gender stereotypes. The
notion of discourse and the method of discourse analysis refers to Fou-
cault’s definition of discourse as “groups of statements that structure the
way a thing is thought and thewayweact on thebasis of that thinking.”105
In the following paragraphs, general discourse analysis is discussed first,
followed by visual discourse analysis for images, and multi-modal dis-
course analysis for sources combining several types of discourse.

GillianRose identifies two formsof discourseanalysis, wherediscourse
analysis I focuses on “the notion of discourse as articulated through var-
ious kinds of visual images and verbal texts” and is mostly concerned
with “discourse, discursive formations and their productivity,” whereas
discourse analysis II looks at “material practices of institutions” which
concerns itself with “issues of power, regimes of truth, institutions and
technologies.”106 Since discourse can be articulated in different forms,
the notion of intertextuality is also important in this context. Meanings of
a discursive image or text also depend on “meanings carried by other im-
ages and texts,” therefore referring to this concept of intertextuality.107
The main component of a discourse analysis (I) takes into account the
rhetorical organisation of the discourse. In order to analyse the rhetor-

104. Widdersheim, “Historical Case Study,” 148.
105. Gillian Rose, Visual Methodologies: An Introduction to Researching with Visual Mate-
rials, 4th ed. (London: SAGE, 2016), 187.
106. Rose, Visual Methodologies, 192.
107. Rose, Visual Methodologies, 188.
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ical organisation, a researcher needs to forget preconceptions and im-
merse in thematerial identifying themes and connections between these
themes and key concepts.108 This focus on the production of meanings
and things also looks at how a particular discourseworks to persuade.109
A discourse often contains certain contradictions and complexity which
should come to the surface in an analysis, together with a reading of the
invisible, since “absences can be as productive as explicitly naming; invis-
ibility can have just as powerful effects as visibility.”110 Furthermore, the
social production of a text should be taken into account as well, exposing
not only the institutional location or authority of the speaker or creator,
but also the assumed audience of a discourse.111 In discourse analysis
II, Rose distinguishes twomain concepts Foucault introduced, namely in-
stitutional apparatus or “forms of power/knowledge that constitute the
institutions,” and institutional technologies or “practical techniques used
to practice that power/knowledge.”112

Visual culture focuses on two dimensional instead of three dimen-
sional objects and looks into the “relationship between the object and
the subject - the seen and the seer.”113 Because this methodology stud-
ies processes of interpretation and the assigning of meaning, it is par-
ticularly suited to study the influence of media representation of tech-
nology and its users on gender and other stereotypes. Creating mean-
ing can be explained through the hermeneutic circle described by Hans-
Georg Gadamer where “the whole is a circular question and answer pro-
cess” moving between whole and part, past and present, and constant
checking and rechecking.114 The visual discourse analysis therefore in-
volves the study of semiotics and composition, as well as research into

108. Rose, Visual Methodologies, 205-206.
109. Rose, Visual Methodologies, 206-209.
110. Rose, Visual Methodologies, 212-213.
111. Rose, Visual Methodologies, 214-215.
112. Rose, Visual Methodologies, 223.
113. Hooper-Greenhill, Museums and the Interpretation of Visual Culture, 108.
114. Hans-Georg Gadamer and David Edward Linge, Philosophical Hermeneutics (Berke-
ley: University of California Press, 1976), quoted in Hooper-Greenhill, Museums and the
Interpretation of Visual Culture, 117.
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the interplay of text and image.Gillian Rose proposes four sites of a crit-
ical visual methodology starting from the production, looking at the im-
age itself, its circulation and its audiencing at the technological, compo-
sitional and social level.115 In the specific case of advertisements, semi-
ology or social semiotics is particularly “concernedwith the social effects
of meaning.”116 As Robert Goldman assesses in agreement with Judith
Williamson, “we tend to take for granted the deep social assumptions
embedded in advertisements: we do not ordinarily recognise them as a
sphere of ideology.”117 Yet in lying bare these social assumptions it is
important to recognise our own viewing practices.

1.2.3 Reenacting the User Experience
At the start of the research project, the user experiments were meant to
provide a basis for an online crowdsourcing platform. This websitewould
contain all project data and sources for others to explore, contribute, and
analyse. Unfortunately the platform never materialized due to legal con-
straints, limited resources, andmainly time limitations.118 In total I have
performed five different user tests, of which only twowere actually incor-
porated in this dissertation.

The first user test studies collaboration in a university classroom set-
ting and consisted of an observation and a brief questionnaire. Another
contextual enquiry was carried out in an existing crowdsourcing project
of a municipal archive, looking into the motivation and learning curve of
volunteers who digitised sources. These two user studies were closely
connected to the crowdsourcing platformand have not been added to the
dissertation. I observed visitor interaction in twomuseumswith the fly on
the wallmethod. The original aim of the museum observations in The Na-

115. Rose, Visual Methodologies, 24-26.
116. Rose, Visual Methodologies, 107.
117. Judith Williamson, Decoding Advertisements: Ideology and Meaning in Advertising
(London: Boyars, 1978); Robert Goldman, Reading Ads socially (London: Routledge,
1992), 1.
118. See also Preface.
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tional Museum of Computing (TNMOC) and the Deutsches Museum (DM)
was to support the design of the information display on the website and
the structure of metadata. Instead I learned about the devices people of
different ages leaned towards, I heard what visitors found surprising or
interesting, and realised that some visitors remembered their personal
experience prompted by the computers on display. Although I have not
created a customer journey map, persona, or storyboards based on the
observation for the design of the online platform, I certainly came to un-
derstand themuseumas a place for the reenacted and remembered user,
and the location for a very particular type of re-use of the small fraction
of the remaining computers kept in working order.

The visitor observation forced me to reflect upon the influence of cu-
rators. They determinewhich devices are deemed important and need to
be preserved or displayed. Curators also determine the narrative of the
history of computers. This narrative has changed over time and differs
based on the location and founding story of the museum. As a result, I
decided to interview a curator from almost all museums I visited and con-
sulted for the research. Two remaining user testswhich have been added
to the dissertation were these curator interviews, and a reenactment for
the Apple IIe and BBC Microcomputer.

The semi-structured interviews touched upon questions such as how
the collection came into existence, the basis for the selection of objects
on display and in the collection, and whether curators viewed computers
as objects on display, or as devices visitors could and should interactwith.
Despite similar topics throughout all interviews, the semi-structured na-
ture of interviews allowed me to variate emphasis and ask further ques-
tions depending on the answers and my knowledge of the institution and
collection at hand. In order to cover the entire visitor experience I asked
curators to create a customer (or rather visitor) journey map, which of-
ten prompted them to elaborate on the decisions behind the exhibition
itinerary or acquisition story of certain objects.119

119. The list of questions and the visitor journey map template have been added to the
appendix.
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The user experiment with the BBC Microcomputer and Apple IIe re-
quired most preparation and truly reenacted the user experience of two 
early personal computers. This final user experiment fits into hands on 
media history as a “physical exploration of technologies as a means of un-
derstanding how technologies have changed, and how they have changed 
us.”120 First, the experiment required forty year old computers with floppy 
disks and disk drives in working order, preferably with staff support at 
hand in case technology failed. Lori Emerson notes that spaces for a 
hands-on experimental media archaeology such as the Media Archaeol-
ogy Lab (MAL) position themselves as an “anti-museum museum,” where 
devices are functional and can be “turned on and actively played with, 
opened up, tinkered with, experimented with, […].”121 I had to experi-
ment first to prepare some minor instructions for participants. For the 
experiment with the Apple IIe at the MAL the available software was cat-
alogued and emulators allowed me to prepare some instructions before 
the visit. At the Centre for Computing History (CCH) I chose software 
on-site or tested interactive video disks for the BBC Master during a pre-
vious visit to The National Museum of Computing (TNMOC). Aside from 
clear instructions and observation sheets, I prepared questions for par-
ticipants to reflect upon their experience. Participants were recruited ei-
ther in the museum, or by the lab manager of the MAL. With a videocam-
era and cravate microphone from the university’s media lab, I recorded 
the entire setting, including the computer display, whereas the facial ex-
pression of participants was recorded with my smartphone. Afterwards, 
the facial expression video was inserted into the video recording of the 
set-up to see both simultaneously for analysis. Rather than transcribing 
the videos, I used my notes from the observation sheets and edited the 
videos of all participants. The compilation placed different participants

120. John Ellis and Nick Hall, “Introduction: What is Hands On Media History?,” in Hands
on Media History (London: Routledge, 2019), 1, https://doi.org/10.4324/978135
1247412.
121. Lori Emerson, “TheMediaArchaeology LabasPlatform forUndoing andReimagining
Media History,” in Hands on Media History (London: Routledge, 2019), 181, https://
doi.org/10.4324/9781351247412.
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performing the same tasks sequentially to compare positive and negative
experiences at each stage of the reenactment. Their reflections on the
process during the interview after the experiment were also added to the
end of the compilation video.122 As John Ellis notes, “editing is famously
an interactive process of trying out combinations of material to find out
what works best as a meaningful whole.”123 A second compilation for
the BBC Micro and BBC Master computer will be published on the Cen-
tre for Contemporary and Digital History (C2DH) website and resented at
the 2022 International Federation of Public History (IFPH) conference in
Berlin. Observations from the reenactments are included throughout the
chapters and in the conclusion.

Summary
Re/constructing computingexperiences frompunchgirls to computer boys
traces the life cycle of five computing devices between the 1940s and
the 1980s. Informed by the social construction of technology (SCOT) in
the academic domain of science, technology and society (STS), each de-
vice represents a key development in the history of computing. Human-
computer interaction brings users to the forefront and the framework of
Nutzerperspektiven from experimental media archaeology critically eval-
uates which type of user sources (re)construct. Case studies are struc-
tured according to six phases of an objects’ life cycle answering research
questions concerning design, production, sale, installation, application
and use, and decommission or reuse. Three additional research ques-
tions inquire into user stereotypes in advertisements, occupational seg-
regation, and theworking conditions of computer users. The lens of inter-
sectionality with a focus on gender facilitates the (visual) discourse anal-

122. The full report of the Apple IIe reenactment is available here: Sytze Van Herck, Ex-
perimental Media Archaeology featuring the Apple IIe, January 2019, https://www.
c2dh.uni.lu/thinkering/experimental-media-archaeology-featuring-
apple-iie
123. Ellis and Hall, “Introduction,” 22.
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ysis of advertisements. User experiences differ because of inequalities
in computing which have at times resulted in occupational segregation.

Computer experiences encompass the object, the environment, an
application and a user. Methods from user experience design (UX) design
supported the reconstruction or reenactment of past human-computer
interaction. Thefirst case study discusses the accounting departments of
HelenaRubinsteinwhich usedRemingtonRand, and later Powers-Samas,
punch cardmachinery since1940. The secondcase study centers around
the IBM System/360 announced in 1964 and used in German clinical
chemistry laboratories since 1969. The Digital Equipment Company’s
PDP-11 was used in aerospace and commercial aircraft between 1970
and 1980. The final chapter compares two educational initiatives from
the 1980s. By 1981 the BBC Microcomputer kick started the Computer
Literacy project in the United Kingdom, first targeting adults but soon en-
tering primary and secondary schools. Apple’s Kids Can’t Wait initiative
in the United States equally introducedmany children to computing. As a
study of material culture, the historical case studies are informed by mu-
seum objects, paired with additional archival sources. Due to the large
geographical dispersion of objects and sources, a digital collection sup-
ported the analysis. The data asset management software Tropy struc-
tured the research data set for each case study.
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Chapter 2

PunchCards inAccounting: the
Powers-Samas room at Helena
Rubinstein

Punchcardswerefirst used for informationprocessing in theUnitedStates
Census of 1890, and the invention of punched card machinery is usually
attributed to Herman Hollerith. Furthermore, historians and museum cu-
rators generally assume that inspiration for punch cards in information
processing came from the Jacquard loom which weaves a pattern ac-
cording to holes in cards that are strung together.1 Interestingly, the in-
vention of the Jacquard Loom and of punch cards machines are also at-
tributed to others. InWomen Hold Up Two Thirds of the Sky Autumn Stan-
ley explains that women are rarely considered inventors of technology,
but in order for that to change, “the definition of technology would change
from what men do to what people do,” and what constitutes “significant

1. See Truesdell, TheDevelopment of Punch Card Tabulation in the Bureau of the Census
1890-1940 with Outlines of Actual Tabulation Programs, 31. Both the Computer History
Museum in Mountain View, California, in the United States, and the Heinz-Nixdorf Muse-
umsForum in Paderborn, Germany, display (parts of) the Jacquard Loom next to punch
card machines.
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technology would change.” Finally, “the classification of many women’s
invention would change,” meaning: “women’s creation of or contribution
to many inventions significant by either or both definitions would be ac-
knowledged.”2

In the same book chapter, Madame Jacquard is credited for the inven-
tion of the Jacquard Loom based on a (dubious) claim of Russell H. Con-
well.3 Contrary to the belief that the Jacquard Loom was the original in-
spiration for punch card machinery, Truesdell states that no reference to
the loom is made before 1896, whereas Hollerith first filled for patent on
September 23, 1884.4 Furthermore, Truesdell credits John ShawBillings
as “the originator, the discoverer” who came up with the idea of using
punch cards for vital statistics of the United States census and Hollerith
as the inventor who built the machine to implement this idea.5

Hollerith’s business began as a one-man act with the United States
census as most important customer. He only “set up a machine shop,
hired workers, and began to piece equipment together,” when his prod-
uct picked up and formalized a subsidiary “to work on the New York Cen-
tral Railroadproject.” His TabulatingMachineCompany (TMC) capitalized
“on December 3, 1896 at $100,000.”6 After the United States Census

2. Autumn Stanley, “Women Hold Up Two-Thirds of the Sky: Notes for a Revised His-
tory of Technology,” in Sex / machine: readings in culture, gender, and technology, ed.
Patrick D. Hopkins, The Indiana Series in the Philosophy of Technology (Bloomington:
Indiana university press, 1998), 17-18.
3. Conwell, Jessie Hayden. 1926 (c.1865). Inaugural Editorial, Ladies’ Department,

Minneapolis Daily Chronicle, weekly ed., Conwell’s Star of the North. Russell H. Conwell
and his work. Ed. Agnes Rush Burr. Philadelphia: J.C. Winston, pp. 141-144; Conwell,
Russell H. 1968 (1877) Acres of Diamonds, Kansas City, MO: Hallmark, quoted in Stanley,
“Women Hold Up Two-Thirds of the Sky,” 22.
4. Herman Hollerith, Apparatus for Compiling Statistics, US Patent 395,783, filed

September 23, 1884, and issued January 8, 1889; Truesdell, The Development of Punch
Card Tabulation in the Bureau of the Census 1890-1940 with Outlines of Actual Tabulation
Programs, 27.
5. Truesdell, The Development of Punch Card Tabulation in the Bureau of the Census

1890-1940 with Outlines of Actual Tabulation Programs, 33.
6. James W. Cortada, Before the Computer: IBM, NCR, Burroughs, and Remington Rand

and the Industry They Created, 1865-1956 (Princeton, NJ: Princeton University Press,
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Bureaumoved to different equipment, railroads became Hollerith’s main
customers and to keep up with demand he contracted other manufac-
turers to increase production. In Europe he created the British Tabulat-
ing Machine Company (BTM) to formalize sales and operations. Then in
1911, Hollerith needed “capital to continue expanding and supplying the
needs of existing customers,” and merged with other companies to form
theComputing-Tabulating-RecordingCompany (CTR), ofwhich Thomas J.
Watson (Sr.) became the manager.7 The firm eventually became known
as International Business Machines (IBM).

When Hollerith started losing business from the United States Cen-
sus Bureau, another inventor started a similar trajectory and became his
main competitor. However, James Legrand Powers had an entirely differ-
ent background fromHermanHollerith. James Legrand Powerswas born
in 1871 in Odessa, a port town on the coast of the Black Sea currently
situated in Ukraine, but under Russian rule in the second half of the nine-
teenth century. The town was demilitarised after the Crimean War in the
Treaty of Paris of 1856 until 1870 when Russia denounced the treaty af-
ter the defeat of France in the French-Prussian war. Russia regained full
control of Odessa and the region after the Treaty of Berlin in 1878.8 After
graduating from the Technical School of Odessa, James L. Powers made
scientific instruments for the University of Odessa.9 He emigrated to the
United States in 1889 perhaps for opportunistic reasons, because of the
political andmilitary instability, or linked to several pogroms inOdessa (in
1871 and 1881 while he lived there) which meant many Jews making up
around37%of the population fled from1882onward.10 Aside fromwork-

1993), 52.
7. Cortada, Before the Computer, 54-55.
8. See Martin Campbell-Kelly, “Powers, James,” in Encyclopedia of Computer Science

(John Wiley & Sons, January 2003), 1419, https://dl.acm.org/doi/10.5555/
1074100.1074706. Evolution of Odessa in the second half of the 19th Century, see
Putzger Historischer Weltatlas. Berlin: Conelsen Verlag, 103 Ed., 2008, p.132, 144-145;
Wikipedia’s “Treaty of Paris (1856),” “Treaty of London (1871),” “Treaty of Berlin (1879),”
and “Odessa” entries.
9. Campbell-Kelly, “Powers, James.”
10. Wikipedia’s “Odessa” entry and Jewish community of Odessa, accessed June 15,
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ing at Western Electric as an engineer, he was one of the machine shop
experts of theUnited States Census Bureau and startedworking on an au-
tomatic card-punchingmachine in 1907. Four years later he founded the
Powers Tabulating Machine Company, later the Powers Accounting Ma-
chine Company. James L. Powers filed several patents starting in 1910
for a combined punching and countingmechanism, several (mechanisms
for) perforating machines, as well as (elements of) tabulating machines,
and three machines combining either printing or typewriting with perfo-
rating.11 He cannot take sole credit for all machines and inventions how-
ever, since he was aided by W.W. Lasker.12 After his death in 1927, the
company was acquired by Remington Rand.13 In the United Kingdom the
equivalent of Powers was first called the Accounting and Tabulating Ma-
chine Company of Great Britain, founded in 1915. In 1929 this company
merged with the French sales agency Société Anonyme des Machines
à Statistiques (SAMAS) founded in 1922 to become Powers-Samas Ac-
counting Machine Ltd.

The introduction set the stage by answeringwho started the rival com-
panies and amassed the capital, personnel, and resources to design and
produce punch card equipment. Section 2.1 begins with an advertise-
ment analysis centred around a Remington Rand leaflet featuring their
Synchro-Matic bookkeeping and punch card installation for accounting at
Helena Rubinstein’s cosmetic concern.14 The advertisement shows how

2021, https://dbs.anumuseum.org.il/skn/en/c6/e224090/Place/Odessa_.
11. Patents by James Powers, US Patents 992,245, 992,246, 1,086,397, 1,100,986,
1,138,314, 1,177,651, 1,224,413, 1,236,481, 1,242,721, 1,245,502, 1,271,614,
1,299,022, 1,312,807, 1,317,458, 1,388,299, 1,665,218, 1,836,039, first filed April
8, 1908, and last issued December 15, 1931. Find full patents here:http://patft.
uspto.gov/netahtml/PTO/search-adv.htm.
12. Campbell-Kelly, “Powers, James.”
13. Campbell-Kelly, “Powers, James.” Campbell-Kelly states that Powers retired and
passed away only in 1935, however his obituary appeared in 1927: “James Powers,”
The New York Times (New York), November 1927, chap. Obituaries, https://nyti.ms/
3erKXtS.
14. Madame Helena Rubinstein: pioneer in beauty, research scientist, astute business-
woman, (Buffalo, New York: Remington Rand, Inc.), 1940, David C. Faloon papers, Lot
X3947.2007, Box 1, Catalog 102683284, Computer History Museum, Mountain View
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the systemwas announced, who represented the user and how the equip-
ment was described. Section 2.1.1 first describes Helena Rubinstein’s
public image and her actual biography, thus demonstrating who had the
means to purchase the rather expensive equipment. Furthermore, I dis-
cuss surprising parallels between the beauty industry and the data pro-
cessing industry (section 2.1.2). The advertisement also nicely illustrates
theworkflow and provides examples of input and output, and includes an
image of the employees that operated the punch card equipment in the
billing department (sections 2.1.3 and 2.1.4).

Section2.2 is basedona folder from themanager heading thePowers-
Samas room at the Helena Rubinstein branch in London.15 Her folder of
notebooks, a manual, and working documents illustrates who controlled
the workflow, who provided input data and drafted reports, as well as
who the results were reported to. Based on a draft written to recruit per-
sonnel for the Powers-Samas installation and notes of staff names es-
pecially in comparison with supervisor names of other departments, the
source also highlights the occupational segregation in accounting and
keypunching. The outline of the procedure in accounting at Helena Ru-
binstein in London illustrates how the installation was operated. Section
2.3 describes the elements thatmake up a typical punch card installation
and discuss howpunch card equipment functioned.16 Because the entire
chapter evolves around Remington Rand and Powers-Samas equipment
used at the billing department of Helena Rubinstein in both the United
States and the United Kingdom, twomachines used in accounting are dis-
cussed in detail.

(hereafter cited as David C. Faloon papers).
15. “Powers-Samas and ICT Documentation,” Box FB56, CH28274, Centre
for Computing History, Cambridge (hereafter cited as Powers-Samas and ICT
Documentation), http://www.computinghistory.org.uk/det/28274/
Powers-Samas-ICT-Documentation/.
16. Powers Reference Manual: Data applicable to Powers Accounting Machines Methods
and Applications, (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon pa-
pers, Box 1, Catalog 102683290.
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2.1 MadameHelenaRubinsteinautomating
her business

Remington Rand advertised its Synchro-Matic automated bookkeeping
system, promoting the Remington 80 and 45-column punch in the United
States in the 1940s to comptrollers who headed divisions responsible
for billing and sales accounting. Based on use cases by some of its ex-
isting clients, the adding - bookkeeping - tabulating machines division
of Remington Rand in Buffalo, New York sold its products to the likes of
Helena Rubinstein Inc. and Freeman Shoes for Men, marketing their cus-
tomer’s companies in the process.17 These advertisements illustrate the
type of company purchasing punch card equipment, what the equipment
was used for, who operated it, who used the reports of such operations,
and how the machines worked.

The booklet of twelve pages on the use of punch card equipment at
Helena Rubinstein was probably given to potential customers by sales
representatives. In the first five pages the focus is on Helena Rubinstein
as a person, as a business, and then as user of the Synchro-Matic system.
In the final pages twomachines and the documents and punch cards they
produce are demonstrated, followed by an overview of reports generated
for executives, and a letter by the head of the bookkeeping department
at Helena Rubinstein thanking Remington Rand for its installation of the
system enumerating all of the advantages. On the final page is a list of
potential applications for the Punch and Bookkeeping Machine, as well
as the request to contact the nearest office for a demonstration.

17. Madame Helena Rubinstein (Buffalo, New York: Remington Rand Inc.), 1940, David
C. Faloon papers; Freeman Shoes for Men (Buffalo, New York: Remington Rand Inc.),
1940, David C. Faloon papers, Box 2, Catalog 102683284.
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Figure 2.1: Madame Helena Rubinstein, (Buffalo, New York: Remington
Rand, Inc.), 1940, David C. Faloon papers.
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2.1.1 Pioneer in beauty, research scientist, astute
businesswoman

The front cover illustrated in figure 2.1 introducesMadameHelena Rubin-
stein as “a pioneer in beauty, a research scientist, and an astute business-
woman.” She is pictured in her signature chignon, kohl-rimmed eyes and
red lipstick, wearing extravagant earrings, dressed in a white button-up
lab coat with shelves full of pharmaceutical bottles behind her and stand-
ing in front of a table with chemical equipment andmore pharmaceutical
bottles looking at her product brewing. The detailed composition of the
advertisement carefully constructs thepublic imageofHelenaRubinstein
and the company she founded andpersonified. Not all claimsmade in the
advertisement are based in reality however. Indeed the cosmetics indus-
try at large and Madame Helena Rubinstein’s public image in particular
was founded on myths.

Firstly, her autobiography explains her use of Madame. When Rubin-
stein asked her friend Coco Chanel why she never married her lover, she
allegedly replied: “I amMademoisselle Chanel and I shall remain so, just
as youwill always beMadameRubinstein. These are our rightful titles.”18
Madame thus serves as a title and contains two important references: a
link to France’s luxury industry rather than cosmetic’s stigma as only for
women of the street and actresses, and her marriage to Edward Titus,
who is credited for suggesting the title.19 Although Helena Rubinstein re-

18. Helena Rubinstein, My Life For Beauty (New York: Simon / Schuster, 1966), 70,
quoted in Ruth Brandon,Ugly Beauty: The Ugly Face of the Beauty Business (HarperCollins,
February 2011), Chapter 1, Part II.
19. The stigma of cosmetics in the nineteenth century is discussed in Brandon, Ugly
Beauty, Chapter 1, Part II. The suggestion that Edward Titus came up with the title
“Madame” is discussed in a podcast by Brian Kenny, How Helena Rubinstein Used Tall
Tales to Turn Cosmetics into a Luxury Brand, accessed June 2, 2020, http://hbswk.
hbs . edu / item / how - helena - rubinstein - used - tall - tales - to - turn -
cosmetics - into - a - luxury - brand based on an interview with Geoffrey Jones
who also co-authored the following case study: Geoffrey G. Jones and Kathy Choi, He-
lena Rubinstein: Making Up the Modern Woman, Case Study 3171196-PDF-ENG (Harvard
Business Review, April 2017), 4, https://store.hbr.org/product/helena-
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tained her own surname, rather than assuming the name of her first hus-
band, Edward Titus did play a part in her public image as he wrote many
of her first advertisements where he also portrayed her as a scientist.20

Secondly, the advertisement’s claim that Helena Rubinstein was a pi-
oneer in beauty bears some truth as she established many of the beauty
industry’s key ideas including themyth of different skin types such as oily,
dry, and normal skin, or “for particular hours of the day or night.”21 An-
other marketing technique finds origins in Helena Rubinstein’s approach
by using fear of aging as a selling point.22 Throughout her life, well into
her nineties, Rubinstein consistently lied about her own age.23 “The ma-
triarchy of the beauty business” as Life Magazinementioned in 1941 lay
in the hands of “Helena Rubinstein, Elizabeth Arden, and Estée Lauder”
and would last well into the 1950s. Helena Rubinstein thus had a pio-
neering role in the cosmetics industry.

Thirdly, the front cover of the advertisement portrays and calls Helena
Rubinstein a research scientist. As Ruth Brandon mentions in her book
UglyBeauty, this imagewasnoaccident. “Shealwaysprojectedherself as
a qualified scientific professional, was constantly photographed in white
lab coats amid test tubes and Bunsen burners, emphasized her products’
quasi-medical aspects.”24 In reality, Chaja, who later changed her name
to Helena, grew up in Kazimierz, Krakow’s Jewish ghetto, attending a lo-
cal Jewish school. As a poor girl from an orthodox background, she was
expected to marry and bear children. “Medical school could never have
beenanythingbut adream.” WhenChaja refused the candidateher father
suggested, she fled to Vienna to live with her aunt. She then sailed on to
Australia from Genova in 1896 to help her cousin. In 1903 she started

rubinstein- making- up- the- modern- woman/317116. The case study in turn
references who describes a conversation between Edward Titus and Helena Rubinstein
without any clear references.
20. Michèle Fitoussi, Helena Rubinstein: The Woman who Invented Beauty (London: Gal-
lic Books, 2013), 97.
21. Brandon, Ugly Beauty, Chapter 1, Part I.
22. Kenny, How Helena Rubinstein Used Tall Tales to Turn Cosmetics into a Luxury Brand.
23. Brandon, Ugly Beauty, Chapter 1, Part I.
24. Brandon, Ugly Beauty, Chapter 1, Part I.
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her business in Melbourne making face cream. Her only training was a
brief tour of Europe’s skin-care specialists in Wiesbaden, Vienna, Paris,
and Berlin from June to September in 1905.25 In fact, women previously
created their own simple cosmetics. As a “familiar domestic craft, with
cheap raw materials” face creams presented a “tempting, and unintimi-
dating, female business proposition.”26 In stark opposition to her public
image as a research scientist, “Helena Rubinstein always referred to her
workbench as her ‘kitchen.’”27

Finally, the description of Helena Rubinstein as an astute business-
woman holds true in her approach to the 1929 market crash. She sold
the American branch of her company right before the market crash un-
der the guise of trying to keep her marriage. She managed to cash out
at $7,300,000 on December 11, 1928, only to see her American branch
now owned by Lehman Brothers losing shares because of a poorly exe-
cuted mass market strategy combined with the market crash and Great
Depression. Helena Rubinstein managed to buy her shares back three
years later, making a profit of about $5,800,000.28

2.1.2 The Matriarchy of the Beauty Business
The following two pages of the advertisement were titled “astute busi-
nesswoman whose equally astute associates have adopted SYNCHRO-
MATIC for customer billing,” and organised in two columnsof text on each

25. Brandon, Ugly Beauty, Chapter 1, Part I.
26. Brandon, Ugly Beauty, Chapter 1, Part I.
27. Brandon, Ugly Beauty, Chapter 1, Part I.
28. Mentioned in the podcast by Kenny, How Helena Rubinstein Used Tall Tales to Turn
Cosmetics into a Luxury Brand which is based on an interview with Geoffrey Jones who
also co-authored the following case study: Jones and Choi, Helena Rubinstein, 4. The
case study mentions the Helena Rubinstein Inc. 1928 Lehman Deal Book, Lehman
Brothers Records, Baker Library, Harvard Business School, p.65. The Helena Rubin-
stein, Inc., 1967 item is part of Series II. Administrative records, 1877-2007, under
subseries II.1 Office File - Client files, 1927-1986, Box 421, Folder 5, Manuscript
783 1868-1986 L523 as mentioned here: https://hollisarchives.lib.harvard.
edu/repositories/11/resources/457.
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page. Centered at the bottom of two pages is an image of a Helena Ru-
binstein salon covering seven stories at 715 Fifth Avenue in New York.
The text first highlights her exceptional position as an ingenious woman
heading “aworld-wide organization, built entirely by their own resources,
employing 3,000 people and ranking second in yearly sales.” Next, the
advertisement tells her partly fictional personal story fromher upbringing
in awell-to-do family in Poland, her study ofmedicine at the University of
Zurich, and the move to Australia selling “a skin clearing cream made by
the family physician, a doctor in Hungary” in her first shop in Melbourne.
The growth of her business is mentioned in terms of the number of shops
selling her many products made in six factories and her various luxurious
salons. She is credited for “bringing the sterilized atmosphere of the labo-
ratory into beauty culture,” based on “intensive research under the great
chemists and dermatologists” from Europe. Nearly all of these quotes
have been contradicted, although the expansion of the company and her
strategy of creating a public image based on the laboratory atmosphere
are based on facts rather than fiction.

Her favorite photographs showed her in her white coat in a
laboratory, one of the great women scientist of the world en-
gaged in a ceaseless search for more potent ingredients. But
she knew, even if she did not choose to remember, that her
vauntedmedical studies amounted to a two-month tour of vis-
its to selected practitioners.29

The advertisement then goes on to discuss her approach to directing
the enterprise, attributing the success of her company to the training of
- presumably female - “young and attractive demonstrators” and “sales-
men”whowere also thoroughly trained in beauty culture. A short descrip-
tion of all potential beauty procedures at the New York salon pictured is
followedbyRubinstein’s newproducts basedonher research into ingredi-
ents and formulae. Finally, the text endswith two further foundingmyths
of the beauty industry credited to Helena Rubinstein. First, “she was one

29. Brandon, Ugly Beauty, Chapter 1, Part IV.
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of the first to advocate different make-up colors to harmonize with dif-
ferent costumes, occasions, and seasons.” Second, the advertisement
establishes her pioneering role in the “importance of diet to beauty.”

Before moving on to discussing the use of Synchro-Matics in billing at
Helena Rubinstein, I want to briefly elaborate on parallels between the
beauty industry and the computer industry in terms of gender balance.
After comparing theevolutionofHelenaRubinstein’s companyand that of
her contemporary Eugène Schiller from L’Oreal, who’s company came to
ownRubinstein’s by the end of the twentieth century, Brandon concludes
as follows:

WhenHelenaRubinstein started out in business,menheld the
upper hand, financially and socially. And men decreed that
respectable women should go unpainted. Over the next half-
century, the beauty industry ran hand in hand with women’s
progress toward an equal place in the public world. […] To-
day the wheel has come full circle. […] Ironically, although
women’s independenceandequality areenshrined in law, their
appearance is once again under someone else’s control. And
that someone is usually a man.30

Whether those men are plastic surgeons, or CEO’s of big beauty con-
cerns, the matriarchy of the beauty industry in the first half of the twenti-
eth century is long gone.31 So too have the female data entry clerksmade
way for the computer boys.32

2.1.3 The Billing Department
Figure 2.2 shows the billing office in Buffalo, New Yorkwhere four female
operators sit at a row of desks typing away on the Model 80B Remington
Electrified Fanfold Billing Machine with carbon roll attachment which is

30. Brandon, Ugly Beauty, Chapter 6, Part IV.
31. Brandon, Ugly Beauty.
32. Nathan Ensmenger’s Computer Boys, references to chapters of Schlombs and oth-
ers in Gender Codes.
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connected to the Automatic Electric Punch. Aside from themachines and
its users, the image is interesting because it shows the spatial arrange-
ment. Corina Schlombs illustrated how “social and cultural ideas - not
the technologies - shaped which kind of data processing work was done
by women or by men, and under which conditions,” based on different
spatial arrangements and opposite gender balance between the United
States and Germany.33

In Germany, […] [punch card equipment] was located in sepa-
rate rooms thatwere extremely noisy anddominated by heavy
machinery -with the rationale of protectingother departments
from the noise. In such an environment, tabulating rooms be-
came male-dominated technical dungeons, and punch-card
operations turned into a male-only profession. […] [Whereas
in the United States], tabulating machines were installed in
openareas,withwall paneling andother architectural features
that reduced noise levels in the punched-card area as well
as in the surrounding departments, turning American punch-
card departments into environments suitable for their female
employees.34

The image of the billing department in figure 2.2 seems to confirm
the observation Corinna Schlombsmade of the average American punch-
card department as embedded in an open office. It is featured on the
bottom left of the following two pages in the advertisement titled “four
Synchro-Matics replaced five competitive bookkeeping machines on this
billing job...” continuing on the bottom right page next to the image “since
installation time, billing volume is up 30% and is being handled without
overtime or additional equipment.” The two-column text on each page

33. Corinna Schlombs, “A Gendered Job Carousel: Employment Effects of Computer
Automation,” in Gender Codes: Why Women Are Leaving Computing, ed. Thomas J. Misa
(Hoboken, NJ: John Wiley & Sons, 2010), 76,79, https://doi.org/10.1002/97804
70619926.ch4.
34. Schlombs, “A Gendered Job Carousel,” 79.
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is preceded by a hand-filled wholesale order form and followed by an ex-
ample of a typed out invoice.

[…] [The operator] prepares bills from the order blank at the
retail price, producing seven copies of each continues form
invoice ... and – without extra time or effort – a tabulating
card of each item on the invoice. […] Thus, the bills are pre-
pared and tabulating cards are simultaneously punched for
each itemof the invoice togetherwith a card for thenet amount
of the invoice. These cards are then used to actuate tabulat-
ing machines for the automatic preparation of the necessary
sales accounting records.35

Figure 2.2: Four female operators handling billing at desks equippedwith
theRemington 80billingmachine connected to a 45-columnpunch to the
left of each operator’s desk. Madame Helena Rubinstein, (Buffalo, New
York: Remington Rand, Inc.), 1940, David C. Faloon papers.

After describing the general procedure, the advertisement lists those
features that make the procedure profitable. First, the Repeat Punch fea-
ture stores information such as the date, invoice number and customer’s
number for each item on the invoice to be punched on each card of the

35. MadameHelenaRubinstein, (Buffalo, NewYork: RemingtonRand, Inc.), 1940, David
C. Faloon papers.

56



PUNCH CARDS IN ACCOUNTING

invoice. Furthermore, the text emphasizes the speed and accuracy of
synchronising billing and sales accounting. On the next page, results
and advantages are once again repeated. The operator’s productivity is
measured in the average number of completed bills (150) and tabulation
cards (1,400) each day and the installation’s savings are expressed in the
number of machines it replaces (five competitive bookkeeping machines
and threepunches). Theautomationof theoffice thuswent hand-in-hand
with increased surveillance and the monitoring of keypuncher’s produc-
tivity.36 Since productivity was so easy to control, the women operating
keypunches were under constant pressure, yet data entry “still necessi-
tated high concentration and accuracy under tight time pressure.”37

The most important result of the new system according to the adver-
tisement however is that “the Order and Billing Departments are ahead
of the Shipping Department for the first time in the history of Helena Ru-
binstein, Inc.” Aside from the previously mentioned features that are re-
peated in the list of advantages, two items relate directly to the working
conditions of female operators.

2. The light touch made possible by the fully electrified key-
board of the Remington Billing Machine results in maximum
production with minimum operator fatigue. […]
5. SYNCHRO-MATICprovides very real clerical savings, of course.
[…].38

The haptic feedback or sense of touch of keyboards has greatly di-
minished over the last century. From old typewriters where keys are
mechanically connected to hammers that hit the connected letter to the
ink-ribbon and stamp letters onto paper, to contemporary touchscreens
without any feedback other than a prerecorded soundtrack, typing on an
electrified keyboard required less effort than mechanical typewriters or
keypunches. Although the fifth advantage listed in the advertisement

36. Carter, “Clerical Work Organization,” 207.
37. Schlombs, “A Gendered Job Carousel,” 86.
38. Madame Helena Rubinstein (Buffalo, New York: Remington Rand Inc.), 1940, David
C. Faloon papers.
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mentions clerical savings, the advertisement makes no literal reference
to replacing human labourwithmachines. Instead, punch-cardworkwas
generally considered “low skill, and low paid,” and the “feminization of
office work went hand in hand with its routinization and mechanization;
both helped organizations to decrease their labor costs.”39

2.1.4 From Invoice to Management Report
The advertisement then provides examples of seven identical invoices
on carbon copies and how each item links to individual punch cards. The
Remington 80 machine produced “a seven-part continuous form, every
copy a clear impression of the electrically impelled keys” as the header
next to the machine implied. A stack of seven invoices took up the cen-
tre of the left page and each invoice was labelled according to their pur-
pose (e.g. the original invoice, the copy for the bookkeeping department,
and for the statistical record department, a shipping order, a factory file
copy, a packing slip and the shipping checking copy). Red arrows point-
ing towards areas of the original invoice indicate which items are “auto-
matically repeat-punched” such as the invoice number, date, customer
number and order number. On the adjacent page, the 45-column punch
is shown in the right hand corner as can be seen in figure 2.2 produced
cards “automatically and completely punched for every item on the bill,”
and one card for the total all using the same layout. These cards were
connected to the invoices on the previous page by a red line and will be
discussed in more detail in the next section.

Furthermore, “high-speed, low-cost Numerical Tabulating Machines”
produced daily, weekly and monthly reports which were shown on the
next three pages. First, two pages show examples of “detailed analyses
tabulated at 100 cards per minute” to “provide the control that permits
faster executive decisions.” Given the target audience of this advertise-
ment, it makes sense to devote more space to the type of reports execu-
tives can expect from the system. The narrative of executive control and

39. Schlombs, “A Gendered Job Carousel,” 79,81.
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the omission of the work required to prepare the cards and operate the
tabulator renders the role of largely female keypunchers and tabulator
operators invisible. Next to eachexample a short description explains the
procedure and each report is labeled with the frequency (daily, monthly,
semi-monthly, semi-annually and annually). The left page shows reports
based on the net total cards such as net wholesale sales either by terri-
tory or by account, whereas the procedure for reports on the right page is
slightly more complicated. A comparative sales statement by account is
based on monthly summary cards, whereas finished goods sent to stock
need to be manually punched for each entry. Keypunching was thus of-
ten defined as manual labour. Finally, the analysis of gross sales based
on withdrawals from stock can use item cards generated automatically
in the billing department. On the next page an example of an operating
report is based on a combination of item cards and cards punched for
returned goods to tabulate net retail sales by product.

After examples from punch cards and reports, the booklet continues
with “operating reports like these are theprincipal reason for enthusiastic
management reports like this.” The letter fromW.McLaughlin, comptroller
at Helena Rubinstein is addressed to Remington Rand’s Tabulating Ma-
chines Division and reads like a summary of all key selling points men-
tioned in previous pages. The letter, addressingRemingtonRand as “Gen-
tlemen,” starts by describing the previous workflow and machines, the
current system and its positive evaluation both in terms of increased vol-
ume, and flexibility, as well as savings. Finally, the installation staff was
praised for their planning and assistance in training employees. Whether
this letter truly originated from the comptroller of Helena Rubinstein is
doubtful, but it highlights once again the target audience of managers
and executives who were in charge of ordering equipment and oversee-
ing operations.

The back page of the booklet shows the Punch and Bookkeeping Ma-
chine in their integrated desks as seen in figure 2.3, followed by a list of
rather typical punch card applications such as commercial and public util-
ity billing, accounts payable, welfare accounting, inventory, and payroll.
The advertisement’s goal of selling the system becomes explicit in the fi-
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nal statement. “See the Savings SYNCHRO-MATIC Can Deliver to YOU …
For Complete Demonstration, Phone or Write Our Nearest Branch Office
TODAY!”

Figure 2.3: Remington Rand Model 80B Electrified Fanfold Billing Ma-
chine and 45-Column Automatic Electric Punch. Madame Helena Rubin-
stein, (Buffalo, New York: Remington Rand, Inc.), 1940, David C. Faloon
papers.

2.2 AccountingatHelenaRubinstein in Lon-
don

Even twentyfive years after the advertisement of the SYNCHRO-MATIC
circulated in the United States, Helena Rubinstein Ltd. in the United King-
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dom adopted a similar system. On July 1, 1955, the Wholesale depart-
ment based in London established a new administrative routine and per-
formed“all Invoicing andCreditingwith very fewexceptions [with] Powers-
Samas Accounting Machinery,” the main exception being export. The
Powers-Samas and International Computers and Tabulators Ltd. (I.C.T.)
documentationdonated to theCentre forComputingHistory (CCH) inCam-
bridge by JohnHoward in 2013provides the necessary information about
the installation.40

This section is based on the career of John’s sister in law, Miss Au-
drey Summerell, and her responsibility asmanager of the Powers-Samas
Room in Grafton Street, London.41 After a brief biography of Miss Sum-
merell, this section describes the installation of thePowers-Samas equip-
ment and the newly established workflow both within the Powers Samas
Room and across departments of Helena Rubinstein Ltd..

2.2.1 Mrs. Audrey Williams neé Summerell
Before marrying into the Williams family, Audrey Summerell worked for
Burroughs Wellcome & Co. at Euston Road in London where she became
familiar with both the Payroll and the Sales Ledger performed on Powers-
Samas equipment.42 Based on her previous experience, she thenmoved
to Helena Rubinstein Ltd. in 1955 and managed the new installation to-
gether with “a staff of around fifty machine operators.”43

In 1963, Helena Rubinstein Ltd. changed to I.C.T. equipment when
Miss Summerell’s team moved to the new facility at Molesey. The origi-
nal equipment thus remained in use for four years after Powers-Samas

40. B.S. Forter and W.F. Menhinick, memorandum, “Wholesale Department (United
Kingdom Sales Only) New Administrative Routine,” 1955, Powers-Samas and ICT Doc-
umentation.
41. Powers-Samas and ICT Documentation, http://www.computinghistory.org.
uk/det/28274/Powers-Samas-ICT-Documentation/.
42. A. Summerell, “Notes on Tabulators, Sales Ledger, Payroll,” 11 November 1951,
Powers-Samas and ICT Documentation.
43. Powers-Samas and ICT Documentation, http://www.computinghistory.org.
uk/det/28274/Powers-Samas-ICT-Documentation/.
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merged and eight years in total. Miss Summerell continued in the same
function until “Helena Rubinstein transferred its data processing activi-
ties to ‘Messrs Applied Computer Techniques Limited’ on 31st May 1972,
atwhichpointMrs. Williamswasdeclared redundant.” After twenty years
of working with Powers-Samas equipment in and around London, she
moved to Eastbourne working for the Dental Estimates Board. 44

2.2.2 The Powers-Samas Room

Contrary to the findings of Corinna Schlombs and figure 2.2 showing the
billing department of Helena Rubinstein in New York where punch op-
erators worked in an open office, the consistent naming of the Powers-
Samas Room in London clearly indicates a separate space housing the
equipment. However, the enclosed office housing Powers-Samas equip-
ment in the United Kingdom provided a working space for a team of fe-
male punch operators, whereas in Germany Corinna Schlombs described
an all-male punch operator team. Thus although the occupational gender
segregation in the United Kingdom resembled that of the United States,
the office architecture in London is similar to that of Germany.

According to Miss Summerells notebook, on April 20, 1955, she esti-
mated that two punches and the automatic verifier would arrive on May
21.45 Furthermore, her notes also indicate that carpet was ordered for
the floor beneath the tabulator, perhaps to muffle the noise of the ma-
chine. She meticulously wrote down the size of each piece of equipment
and each cabinet according in imperial units of measurement which re-
mained in use in the United Kingdom until 1965.46 The Powers-Samas
room was furnished with:

44. Powers-Samas and ICT Documentation, http://www.computinghistory.org.
uk/det/28274/Powers-Samas-ICT-Documentation/.
45. A.P. Summerell, notebook, Powers-Samas and ICT Documentation.
46. Imperial units, 2020, https://www.britannica.com/topic/Imperial-unit
#ref239325.
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punches 3 ′6 ′′ x 3 ′6 ′′ 107 cm x 107 cm
automatic verifier 3 ′6 ′′ x 3 ′ 107 cm x 91 cm
sorter 4 ′8 ′′ x 2 ′10 ′′ 142 cm x 86 cm
tabulator 5 ′6 ′′ x 4 ′5 ′′ 168 cm x 135 cm
files 3 ′4 1⁄4 ′′ x 2 ′4 1⁄4 ′′ 102 cm x 72 cm
card storage cabinets 1 ′8 1⁄2 ′′ x 1 ′5 ′′ 52 cm x 43 cm

Since no plan of the actual layout was included in the documentation,
I calculated the smallest possible size of a room which could house the
equipment mentioned above. When lining up most of the equipment to
one side and the cabinets as well as the tabulator on another side of the
room leaving a one meter corridor in between, the minimum size of the
Powers Room would be 22.75 m2.

Figure 2.4: Potential Powers-Samas Room Layout. Designed by the au-
thor basedon the sizes andquantitiesmentioned inA.P. Summerell, note-
book, Powers-Samas and ICT Documentation.

For the Sales Ledger routine, Mr. Menhinick composed a list of tasks
for Miss Summerell in order to prepare for the change in equipment and
routine. First, the card designs needed to be approved, followed by a list
of supplies to order such as zincos, cards, white guide cards for indexing,
additional cabinets and trays for ledger filing.47

47. Other examples of card design include an invoice card, an invoice leading card, a
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Figure 2.5: Powers, punch card, “Statistical Summary Code,” Powers-
Samas and ICT Documentation.

Furthermore,Mr. Menhinick asked for adesignof the connectionboxes
and stationary. Miss Summerell needed to order a special type for both
tabulators and check existing accounts formethod of payment. Punching
documents needed to be prepared for Name & Address cards, Balance
cards, and ensuring “that the Account No. can be clearly coded on all
yellows.”

Figure 2.6: Powers, punch card, “Name & Address Card,” Powers-Samas
and ICT Documentation.

name and address card, and a customers summary card. Remington Rand, “Card de-
signs,” 1945-1965, David C. Faloon papers, Box 2, Catalog 102683291.
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Finally, Mr. Menhinick asked Miss Summerell to prepare the control
book, card codes, and new account numbers. Cards would be delivered
by December 1954.48 Then on January 10, 1955, another list of required
supplies was added to the document outlining the Invoicing and Statis-
tical Routines for Powers-Samas equipment. Aside from twelve packs of
interfold paper, and six tabulating ribbons, three types of cabinets were
mentioned: two card storage cabinets, two connection box cabinets, and
three cabinets for automatic key punches. Finally, two card per unit files,
twenty-four spring clips, and twenty-six trays were ordered. The docu-
ment also mentions chairs for the punch and tabulator operators and re-
quests an estimate of the number of guide cards for the Card per Unit File.
The total cost of all the supplies amounted to £151whichwould translate
to about £3,988 today.49 The supplies listed here illustrate that a punch
card installation required additional material on top of the equipment it-
self. As the cover illustration shows, the storage of punch cards occupied
a significant part of the office environment.

The Powers-SamasRoomcould not operatewithout a staff though, so
in Miss Summerell’s notebook she included the following job advertise-
ment: “Powers Samas experienced P Op required for new 40 col installa-
tion in famous cosmetic company in W. End of London. Opportunity will
be given to operate all other machines with prospects of promotion.”50

Soon new colleagues joined Miss Clark who worked on the tabulator
and the sorter, Kay who was assigned punching and the sorter, as well
as pulling cards together with Jean, Gerda who worked on orders and
punching, Miss Walters who did the checking, Anne handling phone calls
and Mrs. Hammord together with Cynthia in charge of filing. Miss Sum-
merell’s notebook mentions Laura Crone, Anne Mason, Anne Marshall,

48. Helena Rubinstein Ltd., memorandum, “Suggested Sales Ledger Routine,” Powers-
Samas and ICT Documentation.
48. Helena Rubinstein Ltd., memorandum, “Invoicing and Statistical Routines for
Powers-Samas Equipment,” Powers-Samas and ICT Documentation.
49. Based on inflation calculated by the CPI Inflation Calculator. https://www.
in2013dollars.com/uk/inflation/1955?amount=1.
50. A.P. Summerell, notebook, Powers-Samas and ICT Documentation.
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Doris Clarck, Dorreen Lacey, Jean Woodward, Jean Magnus, and Mar-
garet. All employees in the Powers-Samas room went by female names
and their title indicates some were married while others were not. Mar-
ital status thus did not affect their employment. Only sixteen employ-
ees working in the Powers-Samas Roomwerementioned, so perhaps the
group Miss Summerell managed grew to fifty operators as mentioned by
her brother-in-law in later years.51

2.2.3 Departmental and Internal Workflow
The Wholesale Department

The work of the Powers-Samas Room depended on the preparatory work
of theWholesale departmentwhich also needed to adapt to a new admin-
istrative routine. The document outlining the new routine titled Whole-
sale Department (United Kingdom Sales Only). New Administrative Rou-
tine. listed nine different types of orders: post orders, telephone orders,
salon and hairdressing stock orders, salon and hairdressing bulk orders
and cubicle stock, agents supplied from the salon, credit notes, no charge
dockets, claims, and samples.52

Usually Miss Wallace from the Sales Department received orders and
examined them, followed by Miss Walters who was responsible for ex-
tracting show material details. Next Miss Wallace passed the orders to
Miss Summerell who inserted the customer’s account number from cir-
cular index cards. Prices of preparations were checked based on the list
number and if the list number was missing it should be added. For sa-
lon and hairdressing stock orders, each department would be allocated
an account number and treated as outside customers as in the previous
example. The bulk orders and cubicle stock for salons and hairdressing
however could not be invoicedby thePowers systemso theywere treated

51. A.P. Summerell, notebook, Powers-Samas and ICT Documentation. http://www.
computinghistory.org.uk/det/28274/Powers-Samas-ICT-Documentation/
52. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
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according to the previous routine by Miss Wallace.53 When agents are
supplied from the salon, the procedure went as follows:

The “POWERS” organisation will arrange for the wholesalers
to be invoiced and for the salon account to be credited. The
invoices to the customer will be sent by post and the credit
note for the salonwill bepasseddown thereto at theendof the
day. The authorization for the release of stock from the salon
for supply to agents, will come from the Sales Department.54

Figure 2.7: Helena Rubinstein Ltd., “Wholesale Order Form,” July 1957,
Powers-Samas and ICT Documentation.

53. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
54. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
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Either Mr. Bolton, Miss Wallace or Mrs. Griver was responsible for
signing the authorisation, and the salon needed to check the credit notes
for such authorisation and to check quantities. For returned goods, Mrs.
Sutton passed on the details to Miss Summerell who would then create
a credit note following the invoice procedure. Miss Wallace however was
responsible for any communication with the customer regarding credit
notes. A temporary procedure for no charge dockets was put in place
to keep track of stock movements. Rather than sending the documents
directly to the factory, they were collected by Mrs. Sutton by half past
three. who presented them for checking to either Mr. Menhinick or Miss
Lindberg by four o’clock. The factory office would change the finished
stock card kept there if “Stock Movement” was indicated on the docket.
Claims due to loss, damage or theft would be written by Miss Wallace
and “an invoice without purchase tax would be prepared by the ‘Powers’
Staff.” As for samples the procedure was similar to releasing salon stock
for agents except the salon would be credited and the invoice sent to a
sample account without purchase tax.55

The administrative routine of the Wholesale Department also men-
tioned the Powers Room and the people in charge.

As supervisor of this room,Miss Summerill [sic] will be respon-
sible to Mr. Manhinick [sic], that the technical routine laid
down is adhered to. […] The tabulation i.e. (printing) of in-
voiceswill takeplace from11.30a.m. tot 3 p.m. andnoorders
for invoicing can be accepted by the “POWERS” room after 3
p.m.56

I will discuss the technical routine in the next section, but the admin-
istrative routine for the wholesale department already mentions who re-
ceived information from the Powers-Samas Room. First, the factory was

55. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
56. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
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(a) Customer Copy (b) Accounts Copy

(c) Packing Slip (d) Factory Copy

(e) Office File Copy

Figure 2.8: Helena Rubinstein Ltd., invoices, 26 September 1957,
Powers-Samas and ICT Documentation.
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sent the “daily tabulation of net stock movements.” Mr. Menhinick and
Mr. Forter each received a yellow copy of the “daily total of net sales rep-
resented by the goods value of all the invoices tabulated that day.” The
monthly tabulations of “total net sales per customer and per representa-
tive’s area; the total number of units of each preparation sold” was used
to calculate commission and to provide sales information to the sales de-
partment and representatives.

From five carbon copies for each invoice, the final three consisting of
a white packing slip, blue factory copy, and yellow office copy go to the
factory and once the goods are dispatched, the office copy is filed in the
Grafton Street office. The first two invoice copies - the customer’s copy
and the pink account’s copy - in combination “with a total of the goods
value, purchase tax, total value of all the invoices” were “sent up to the
Accounts Office IN ONE BATCH DAILY.”57 These guidelines indicate that
the accounts office was located above the Powers-Samas room, which
couldmean that themachineswere located in thebasement or at the very
least that the location of offices could have represented the corporate
hierarchy.

The new routine for the accounts department was arranged with Mr.
Menhinick and Miss Lindberg but no details are mentioned. The respon-
sibility for extracting statistical and stock information passed from the
factory office to the Powers Department, and only “the finished goods
stock cards should be kept up to date from the daily sales lists received
from the ”POWERS” room.” If representatives withdraw stock from their
agents, and after approval for credit from Mr. Bolton, Mrs. Sutton “will
send details to the ”POWERS”Room for the issue of a credit to theAgent.”
The factory office then needed to deduct items from existing stock cards
to keep track.58 Furthermore, Mr. Tone was notified by Mr. Forter on
June 21, 1955, to make sure that all deliveries were dealt with on the old
system before July 1, so that the factory could signal out of stock items

57. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
58. B.S. Forter and W.F. Menhinick, “New Administrative Routine,” 1955, Powers-
Samas and ICT Documentation.
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before the change. The accounts department would keep books open for
all outstanding invoices from June 1955. If deliveries were delayed by
more than six days after 1 July, orders for those items were held up until
the new systemwas in place.59 As for the Powers-Samas room, the tech-
nical routine was laid out according to the daily schedule as discussed
next.

The Powers-Samas Technical Routine

(a) Invoice Leading Card (b) Invoice Card

Figure 2.9: Powers, punch cards, Powers-Samas and ICT Documenta-
tion.

Fromnine o’clock in themorning onward thePowers room received or-
ders inbatches,withNonPurchaseTaxaccounts kept in separatebatches,
and coded for “Area, Class of Customers, Account Number and Order
Number.” Leader cards are punched starting at half past nine contain-
ing the customers account and order number, as well as the area number
code if necessary. Between ten and eleven o’clock name and address
cards are pulled (see figure 2.6). Furthermore, pulling clerks also need
to extract item cards containing the name and shade of the product line,
as well as the units of quantity. From half past ten they are tabulated for
checking the account number, list number including the shade code, and
the quantity. The routine mentions that “the girls will either memorise
[the list number and shade code], or have [them] on a typed list.” Thus

59. B.S. Forter and W.F. Menhinick to Mr. Tone, “New ‘Wholesale-Ledger’ - Organisa-
tion,” 21 June 1955, Powers-Samas and ICT Documentation.
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the description confirms that most staff in the Punch Card room were fe-
male, but the term “girls” most likely does not reflect the age of the work-
ers. Cards are called back if necessary and the errors corrected before
noon.60

In a second stage starting at eleven thirty and interruptedby the lunch
break between twelve thirty and one thirty. Invoices are tabulated un-
til three o’clock in the afternoon, the sheet feed device ensures that in-
voices are printed on the correct stationery. Then if the totals agree with
the sales ledger they are posted. Punch operators then use a copy of
the invoices to punch a Customers Total Card for each invoice which are
eventually filed away for control purposes until the end of themonth. Be-
tween three o’clock and three thirty the sales ledger cards for customers
are punched and sorted, and between three thirty and a quarter to four
the sales ledger is tabulated in the third stage. At the same time, the
item cards are sorted to list number and shade. The name and address
cards are refiled between three thirty and four thirty and the leader cards
are destroyed. In the fourth stage the sales ledger tabulation is “passed
to the punch operators who will punch and verify Daily Statistical Sum-
mary Cards for each list number” between three and four o’clock in the
afternoon. The MC and size code are punched between four o’clock and
half past four and in the final stage these cards are tabulated by list num-
ber to check with totals from previous tabulations (item card, invoices,
customers total card) between half past four and five o’clock. The daily
routine confirms that a normal working day of eight hours with a one hour
lunch break followed a fixed structure withmany standardized and repet-
itive tasks.61

60. A.P. Summerell, notebook, Powers-Samas and ICT Documentation.
61. A.P. Summerell, notebook, Powers-Samas and ICT Documentation; Helena Rubin-
stein Ltd., memorandum, “Invoicing and Statistical Routines for Powers-Samas equip-
ment,” Powers-Samas and ICT Documentation.
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Figure 2.10: Helena Rubinstein Ltd., “Invoice Tabulation,” 26 September
1957, Powers-Samas and ICT Documentation.

Once per month two hours are provided to run four monthly tabula-
tions: customer analysis by area, class of customer analysis, list number
analysis and monthly size analysis. All tabulations should agree with the
DayBook total. The customer analysis checks the grand total by area, sub
totals by account number, monthly goods value, and goods value to date.
The tabulation by class of customer follows the same structure, but it is
optional. Statistical Summary cards contain the quantity, goods value,
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and purchase tax for each list number or item for the entire month and
are finally “sorted and tabulated by Size code for the required quantity
figures of each size.”62

(a) Customers Summary Card (b) Sales Ledger Card

(c) Ledger Card (d) Statistical Summary Code

Figure 2.11: Powers, punch cards, Powers-Samas and ICT Documenta-
tion.

2.2.4 The Tabulator for 40-Column Cards
At the start of each tabulation, the operator needed to insert the correct
connection box, and set automatic total controls as well as listing or to-
tals only control at the front of the machine (see figure 2.12). On top of
the machine the nought splits, hammer stops, print controls and other
button controls were also set by the punch operator. Then at the back of
the machine, the operator could choose between setting a stop before or
after the total. Finally the paper carriage spacing was set and paper was

62. A.P. Summerell, notebook, Powers-Samas and ICT Documentation; Helena Rubin-
stein Ltd., memorandum, “Invoicing and Statistical Routines for Powers-Samas equip-
ment,” Powers-Samas and ICT Documentation.
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inserted in the carriage, punched cards were placed in themagazine, and
the machine was switched on.

(a) Top

(b) Front (c) Back

Figure 2.12: Illustrated Parts of the Powers-Samas Tabulator. The Tab-
ulator for 36 and 40-column cards, (London: Powers-Samas Accounting
Machines (Sales) Ltd.), Powers-Samas and ICT Documentation.

62. The Tabulator for 36 and 40-column cards, (London: Powers-Samas Accounting Ma-
chines (Sales) Ltd.), Powers-Samas and ICT Documentation.
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2.3 Punch Card Applications and Installa-
tions

After the introduction of Herman Hollerith’s tabulating machines used
for the United States census since 1890, punch cards spread to a num-
ber of other applications. To illustrate which commercial applications
rose to prominence in the 1940s, I assigned topics based on the title
and description of 131 publications mentioned in James Cortada’s bib-
liography.63 Most publications fell under accounting and were published
in journals such as the National Association of Cost Accountants Bulletin
(NACA), Journal of Accounting, and Journal of Accountancy.

Figure 2.13: Commercial Punch Card Applications in the 1940s.64

In comparison to the previous two decades, the number of account-

63. Cortada, A Bibliographic Guide to the History of Computing.
64. Cortada, A Bibliographic Guide to the History of Computing.
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ing publications increased from thirty-seven to forty-six, and business
applications rose spectacularly from eleven to thirty-four publications
from the 1940s. General accounting applications increased from twenty-
one to thirty-three publications, with a slight increase in billing, but a de-
crease in trust and cost accounting. While business publications on office
applications disappeared entirely in the 1940s, publications onmanufac-
turing, payroll, and sales all increased.

(a) Accounting Applications (b) Business Applications

Figure 2.14: Comparison of Accounting and Business Applications for
Punch Card Machines in the 1920-1930s and the 1940s based on Cor-
tada, A Bibliographic Guide to the History of Computing.

2.3.1 A typical installation
Since each data processing task required a differentmachine, an office in-
stallation needed equipment for “recording, tabulating, and sorting” data.
Datawas recorded on paper cards by punching holes in specific locations
using a keypunch which remained “in use in essentially the same form
for well over half a century and was a common sight in computer depart-
ments as late as the 1970s.” Next, stacks of cards were sorted based
on particular fields. Finally, the tabulator summarized and tabulated the
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data.65
Punch cards varied in size, color, layout, number of columns and type

of perforation. In the 1890 United States census, punch cards recorded
nonnumerical data for each citizen on a 65⁄8 ′′ x 31⁄4 ′′ card (or 17 x 8 cm).
For numerical information the card design changed to vertical columns
which each represented a single decimal digit. Hollerith eventually stan-
dardized 45-column cards of 73⁄8 ′′ x 31⁄4 ′′ (or 19 x 8 cm). Two top rows
indicated “the sign of a number, or other control information” and the
remaining rows 0-9 recorded “the value of a digit.”66 Until 1928 “both
Hollerith and Powers machines had used a common 45-column card for-
mat” making round perforations, whereas IBM switched to rectangular
perforations meaning a card could fit 80-columns. “Remington Rand re-
sponded in 1930 by introducing a 90-column card.”67 The 90-column
card had the same size, but recorded numerical information differently
than Hollerith cards. “Numerical designations are expressed by single
hole punchings and also by combined hole punchings. […] a single hole
punch to express an odd digit, a combined hole punch to express an even
digit.”68

The Powers Reference Manual from the 1930s includes a long list of
card specifications. Cards came in eight different solid colors (manila,
red, salmon, blue, green, brown, buff, purple), with the option to add a
colored stripe at the top edge of the card in seven colors (all but manila),
or even smaller stripes in any location printed horizontally. A table com-
pared contrast between stripe colors and card colors to indicate which
combinations were good, fair, or bad. Cards were generally printed with
black inkwhich could be replaced by red or green ink, certain fields could

65. Martin Campbell-Kelly, “Punched card,” in Encyclopedia of Computer Science (John
Wiley & Sons, January 2003), 1489, https://dl.acm.org/doi/abs/10.5555/
1074100.1074746.
66. Martin Campbell-Kelly, “Punched cardmachinery,” in Encyclopedia of Computer Sci-
ence (John Wiley & Sons, January 2003), 1487, https://dl.acm.org/doi/abs/10.
5555/1074100.1074747.
67. Campbell-Kelly, “Punched card,” 1490.
68. “Bulletin C-1: Remington Rand Powers 90-Column Card,” in Powers Reference Man-
ual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon papers.
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be printed bold, and cards could be consecutively numbered.69 Further-
more, the layout of cards depended on their application. The reference
manual lists twenty-four Powers’ cards, eighteen Remington Rand cards,
and must have included sixty card examples in total, listing the applica-
tion (i.e. expense distribution and accounts payable, payroll and payroll
distribution, trust accounting) and class of business (i.e. equipmentman-
ufacturer, paper and paper-products manufacturer, financial) for each.

Powers offered at least ten punches in the 1930s, including for differ-
ent types of punch cards such as the automatic punch and the 90-column
punch, the alphabetical punch and the visible punch, as well punches
with specific functions such as the reproducing punch, the summary card
punch, the printing punch, and the printing multiplying punch. Finally,
the punch installation used at Helena Rubinstein in the United States and
the United Kingdom (see sections 2.1 and 2.2) synchronised an electric
punch with a bookkeeping machine.70 Each bulletin shows an image of
the equipment with a brief description, followed by a list of operating
features and advantages, as well as specifications such as size (height,
weight, space occupied, working area), keyboard, color, etc.. The last
page usually contains the keyboard layout or an example of punch cards
and reports.

Sorters grouped cards based on “classes of information punched on
the cards” and “dropped sorted cards into hoppers by subject.”71 Powers
provided a sorter for 45-column cards (see figure 2.15), another sorter
that could switch between 45-column and 90-column cards, and finally
a sorter that also counted the number of cards per subject.72 As with
other sorters, twelve pins sense the position of the holes in a column.

69. “Bulletin C-1: Remington Rand Powers 90-Column Card,” in Powers Reference Man-
ual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon papers.
70. “Bulletin P-1 to P-10 (except P-5),” in Powers Reference Manual (Buffalo, New York:
Remington Rand Inc.), 1930, David C. Faloon papers.
71. Cortada, Before the Computer, 46.
72. “Bulletin S-1: Powers Standard Sorters 45 and 90-Column Card,” and “Bulletin S-3:
Remington Rand Counting Sorter,” in Powers Reference Manual (Buffalo, New York: Rem-
ington Rand Inc.), 1930, David C. Faloon papers.
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The sorting criterion is determined by the operator who sets the selec-
tor to a specified column, also known as indexing. The sorted cards fall
into the sorting rack which “consists of twelve, steel, card compartments
mounted on a rolling truck.”73

Figure 2.15: Powers Model 20 Sorter. “Bulletin S-1: Powers Standard
Sorters 45 and 90-Column Card,” in Powers Reference Manual (Buffalo,
New York: Remington Rand Inc.), 1930, David C. Faloon papers.

The reference manual stresses how the design is based on scientific
studies “to require the absolute minimum of clerical attention, to afford
ease and simplicity of operation, and to obtain the highest sorting pro-
duction.” The manual, similar to the advertisement discussed in section
2.1, stresses that one person can operate several sorters.74 Keypunch
operators were thus classified as clerical workers in a 1930s manual.

Tabulators counted information stored on punched cards and were
expanded with mathematical functions during the 1920s and 1930s.75

73. “Bulletin S-1: Powers Standard Sorters 45 and 90-Column Card,” in Powers Refer-
ence Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon papers.
74. “Bulletin S-1: Powers Standard Sorters 45 and 90-Column Card,” in Powers Refer-
ence Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon papers.
75. Cortada, Before the Computer, 46.
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Powers machines listed in 1930 had mathematical functions such as di-
rect subtraction, aswell as automatic sub and grand total control, but the
manual also devoted an entire bulletin to the compensating spacing car-
riage and the constant spacing carriage which respectively space forms
and items on printed output.76

Continuedenhancements tobasic technologiesoriginallyworked
outbeforeWorldWar I broadened theapplicability of punched
cardequipment in the1920s. Encouragement fromcustomers
simply enticed vendors to develop product lines further, usu-
ally by adding functions. These advancements in turn heated
up competition for existingmarkets while successfully forcing
vendors to seek a broader customer basewith newproduct of-
ferings.77

Aside from punches, sorters, and tabulators, eventually a multiplying
punch, an interpreter, and a collator were developed.78 The multiplying
punch could calculate and print the product of two numbers from a sin-
gle card and punch the result on the same card. The interpreter typed
the information represented on cards in human-readable form along the
top of the same card. Finally, a collator could insert or remove cards from
a deck.79 The Powers reference manual does not mention a multiplying
punch nor a collator, but it does include an interpreter for both alphabet-
ical and numerical data.80

76. “Bulletin T-3: Remington Rand Powers Direct Subtraction,” “Bulletin T-4: Reming-
ton Rand Powers Automatic Sub and Grand Total Control,” and “Bulletin T-5: Remington
Rand Powers Compensating Spacing Carriage and Constant Spacing Carriage,” in Pow-
ers Reference Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon
papers.
77. Cortada, Before the Computer, 106.
78. Campbell-Kelly, “Punched card,” 1490.
79. Cortada, Before the Computer, 46.
80. “Bulletin G-2: Type 212 Interpreter 45 and 90 Columns...Alphabetical and Numeri-
cal,” in Powers Reference Manual (Buffalo, New York: Remington Rand Inc.), 1930, David
C. Faloon papers.
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In order to satisfy the burgeoning demand for punched card
dataprocessing inpublic administrationandprivate enterprise,
many new “auxiliary” machines were introduced to supple-
ment the basic punched card setup. These new machines in-
cluded themultiplying punch, the interpreter, and the collator.
As well as new machines, there were evolutionary improve-
ments in the specification, speed, and reliability of the exist-
ing machines.81

In the following two sections, the products marketed by Remington
Rand in the 1940s in collaboration with two of their clients, Helena Ru-
binstein and Freeman Shoes, are discussed in detail. The Electric Punch
which was synchronized with the Bookkeeping Machine was central to
the Synchro-Matic system marketed by Remington Rand as discussed in
section 2.1. Furthermore, the installation most likely worked in conjunc-
tion with the Powers Numerical Tabulator to generate reports.

Electric Punch Synchronized with Bookkeeping Machine

In Before the Computer, James Cortada describes the competition be-
tween IBM and Powers as a chronological list of product improvements,
thus stating: as a reaction to the electronic duplicating keypunch devel-
oped by the predecessor of IBM in 1924, “Powers countered with an
electronic keyboard punch and the first synchromatic installation that
allowed simultaneous typing of data on a typewriter and punching on
cards” in 1925.82While employees interactedwith a typewriter-likeRem-
ington bookkeeping machine, the Powers electric punch produced sev-
eral punch cards containing the same information.

“As the descriptive data, either alphabetical or numerical, and the
correlated amounts are printed by the Bookkeeping Machine - they are
simultaneously recorded in the proper column or columns of the tabulat-

81. Campbell-Kelly, “Punched card,” 1490.
82. Cortada, Before the Computer, 106.
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ing card.”83 Data is only transmitted onto cards if the control bar makes
the electrical contacts. The referencemanual lists four advantages of the
system: lowoperating costs, flexibility, speed, and precision. Lowoperat-
ing costs because work that was previously performed by two operators
can now be done by one person, and because simultaneous operation re-
duces operating time. Flexibility and speed are further emphasised by re-
ducing “two formerly separate mechanical accounting procedures […] to
a single operation,” and through ensuring that the punch cards are ready
for tabulating sooner. Finally precision alludes to the possibility to check
tabulating cards against control cards from the Remington Bookkeeping
Machine.84

Powers Numerical Tabulator

The numerical tabulator translates and prints the information on punch
cards “in any statement form desired” including sub- and grand totals
printed directly under the same unit. “The only clerical attention nec-
essary is the insertion of cards and forms - operations that may be per-
formed easily and quickly even while the machine is running.”85 The tab-
ulator can hold 625 cards in the feeding magazine and 850 cards in the
receiving magazine, as well as produce up to six legible carbon copies.
Furthermore, the machine accepts both “continuous form sheets such
as fanfold or flat-pack paper […] as well as cut forms.” The operating
features and advantagesmention the design and ergonomics such as the
convenient location of controls and the proper height for printing at 501⁄2 ′′
(or 128 cm) from the floor. “No fatiguing posture required to observe the

83. “Bulletin P-6: RemingtonRandPowers Electric Punch Synchronizedwith Bookkeep-
ing Machine,” in Powers Reference Manual (Buffalo, New York: Remington Rand Inc.),
1930, David C. Faloon papers.
84. “Bulletin P-6: RemingtonRandPowers Electric Punch Synchronizedwith Bookkeep-
ing Machine,” in Powers Reference Manual (Buffalo, New York: Remington Rand Inc.),
1930, David C. Faloon papers.
85. “Bulletin T-10: Powers Numerical Tabulator (Five Units - 45 Column),” in Powers
Reference Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon pa-
pers.
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tabulated results.” Although most operators probably no longer needed
to bend over to read results, the height still required them to stand rather
than sit next to the machine. The multiple translator mentioned earlier
means wiring was no longer needed. Finally the bulletin stresses how
compact the machine is at only six square feet (or 0.56 m²) and its con-
stant speed of eighty to a hundred cards per minute, as well as the oper-
ations of direct subtraction and grand totals.86

Figure 2.16: Powers Numerical Tabulator. “Bulletin T-6: Type 285 Tabu-
lator 90 Column Numerical ... 85 Printing Sectors,” in Powers Reference
Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon
papers.

86. “Bulletin T-10: Powers Numerical Tabulator (Five Units - 45 Column),” in Powers
Reference Manual (Buffalo, New York: Remington Rand Inc.), 1930, David C. Faloon pa-
pers.
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Summary
Both James Powers, inventor of punch card equipment and founder of
the Powers company, and Helena Rubinstein, founder of a cosmetic’s
concern, embody the American dream of emigrating from Europe and
starting successful businesses. Powers equipment changed little in the
first half of the twentieth century and Remington Rand acquired the busi-
ness in theUnitedStatesby the1930swhenHelenaRubinstein promoted
their bookkeeping machines. A quarter century later the same equip-
ment from the British equivalent company called Powers-Samas was in-
stalled in the London branch of Helena Rubinstein for accounting. One
of the matriarchs of the beauty industry targeting female customers thus
served as a case study for punch card equipment and the predominantly
female workforce of keypunchers using these early computing devices.

Operatorsworking in the Powers-Samas roomatHelenaRubinstein in
London worked between nine in the morning and five o’clock in the after-
noon in a noisy room performing the same consecutive set of tasks day in
day out. The recruitment advertisement promised some possibilities for
promotion. Most female keypunchers and operators could still continue
working after marriage. The upward mobility was however limited to oc-
cupations within the Powers-Samas room. Yet when punch card equip-
ment was replaced by other technology at the beginning of the 1970s, so
too were the female keypunchers.

The advertisement analysis illustrates the public image Helena Ru-
binstein upheld and her numerous strategies for projecting authority in
both research and business by subverting predominantly male stereo-
types of the medical expert and businessman. The target audience of
(male) comptrollers or executives in accounting were expected to pur-
chase punch card equipment operated in large part by a female work-
force. TheRemingtonRandadvertisement appealed to thesemostlymale
executives by promising more control through technology rendering the
work of female keypunchers and operators partially invisible by focusing
less on the process and more on reports generated by the machines.
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Chapter 3

The System/360 in Healthcare:
the German Clinical Chemistry
Laboratory

Going into the computer room is a very striking thing. It’s a
really different environment. […] It’s really loud and it’s cold
and you can smell, it smells like computers […]. It’s like ma-
chine oil and hot dust on plastic wires. It’s a very distinctive
computery smell and it’s very overwhelming. It’s very loud
and overwhelming and there’s all these computers that are
running andwhirring and blinking. […] And it’s a very physical,
visceral experience in there.1

The computer room, the cold room, the machine room, all describe
the space that housed the computer system in the 1960s and 1970s.
Figure 3.1 shows the interior of the computer room housing one of the

1. CyndeMoya, (CollectionsManager, Living Computers: Museum+ Labs), interview by
Sytze Van Herck, November 23, 2018, Seattle, Washington.
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smaller International Business Machines (IBM) System/360 (S/360) in-
stallations.2 A similar space that would compare to this room nowadays
oftenhouses servers. Access to the computer room in the1960sor server
space now is strictly limited to those who need to operate the machines.
In the 1960s the computer room was often the only air-conditioned en-
vironment in the office, and server spaces still require air-conditioning.
Electricity requirements for such large rooms of equipment mean that
separate circuits need to be installed in order to run the machines. The
security measures, temperature difference, electrical requirements, and
noise pale in comparison to the smell of 1960s computers. No current
analogywith server spaces that smell clean, neutral andnon-distinct, can
adequately describe the smell of 1960s mainframes. Dr. Moya’s descrip-
tion of “machine oil and hot dust on plastic wires” comes close.3

The cover image and opening paragraph of the introduction illustrate
the preparation of data for mainframes processing tax returns for the In-
ternal Revenue Service (IRS). Mostly female keypunchers entered data
for over 100 million taxpayers onto 400 million cards per year since the
mid-1960s.4Oneof the largest punchcardequipment andcomputerman-
ufacturers in the 1960s was IBM with a 70% market share. As the com-
pany grew out of Herman Hollerith’s tabulatingmachines, IBM continued
to use punch cards for input and output, changing little to the card layout
between the 1930s until at least the end of the 1960s.5 The IRS for in-
stance only replaced punch cards with direct data entry onto drums or
disks in 1976. Interestingly, Paul Ceruzzi noted the importance of sound
to establish a productive rhythm, leading managers to reintroduce the

2. Photograph, “IBM System/360 Modell 20, Magnetplatten, Magnetbänder,” IBM
Bildkatalog (Stuttgart: IBM Deutschland GmbH, 1981), Bild-Nr. D-106, Datenverar-
beitung 10, Internationale Büro-Maschinen-Gesellschaft Deutschland, IBMDeutschland
GmbH, Firmenschriften, FS003269/1-261, Deutsches Museum Archiv, München (here-
after cited as IBM Firmenschriften).
3. Moya, (Collections Manager, Living Computers: Museum + Labs), interview by Sytze

Van Herck.
4. Ceruzzi, A History of Modern Computing, 119.
5. Ceruzzi, A History of Modern Computing, 111.
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rattling noise of keypunches to maintain high rates of data entry.6

Figure 3.1: Photograph, “IBM System/360 Modell 20, Magnetplatten,
Magnetbänder,” IBM Bildkatalog (Stuttgart: IBM Deutschland GmbH,
1981), Bild-Nr. D-106, Datenverarbeitung 10, IBM Firmenschriften.

In order to “stay ahead in the computer market,” IBM planned to de-
velopanewproduct line (NPL),whichwasonly later namedSystem/360.7
EmersonW. Pugh, who led the development of magnetic filmmemory for
the S/360, explains the rationale behind the name of the product fam-
ily in one of his publications on IBM’s history.8 The name System refers

6. Ceruzzi, A History of Modern Computing, 120.
7. Thomas A. Wise, “IBM’s $5,000,000,000 Gamble,” Fortune Magazine, September

1966, 118, http://www.cedix.de/Literature/History/FiveMillGamble1.
pdf.
8. EmersonW. Pugh, interview by Sheldon Hochheiser, November 14, 2009, Interview

#521 for the IEEE History Center, https://ethw.org/Oral-History:Emerson_W.
_Pugh.
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to “an aggregation of interchangeable hardware units” with full program
compatibility as opposed to previous series of “processors with periph-
eral equipment.”9 The number 360 alludes to the “number of degrees in
a circle,” and represents “the ability of each computer to handle all ap-
plications.”10 The distinction between scientific and business computers
no longermade sense. “Scientific users increasingly needed the alphanu-
meric and peripheral powers of business systems, and business users
needed the logical and computational powers of scientific machines.”11

The chairman of IBM, Thomas J. Watson, Jr., announced the S/360
at a press conference in Poughkeepsie on April 7, 1964. He described
the event as “themost significant product announcement in IBM history”
in the company newspaper.12 The folder accompanying the product an-
nouncement represented the configured users IBM envisioned for the
S/360 as four people embodying different applications. The stereotyped
users in this folder present an interesting case for a (visual) discourse
analysis in section 3.1. After briefly describing the technical features of
the S/360, the analysis unravels each user personification individually.
Since the announcement preceded the production of the machines, the
section details the design, production, and sales stages of the product
life cycle.

Historianand former IBMsales employee, JamesW.Cortada, describes
what happened once the S/360 was announced in 1964.

Thedelaybetweenannouncement andshippingdate gave cus-
tomers and suppliers time to determine which models made
sense to acquire, get them approved and budgeted, allowed
time for the physical planning on where to house them, make

9. EmersonW. Pugh,Building IBM: Shaping an Industry and Its Technology (Cambridge,
MA:MITPress, 1995), 275,https://books.google.lu/books?id=Bc8BGhSOawgC.
10. Pugh, Building IBM, 275.
11. B. O. Evans, “Introduction to SPREAD Report,” Annals of the History of Computing 5,
no. 1 (1983): 4.
12. IBMNews Extra, April 7, 1964, HarwoodG. Kolsky papers, Lot X3021.2005, Box 09,
Folder 102634603, Computer History Museum.
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changes to air conditioners in data centers, train staff, com-
plete software remediation, and so forth.13

Ordering and installing the mainframe processor and all peripherals at-
tached required significant changes to both the physical space and the
workflow. Section 3.2 focuses onplanning the installation of amainframe
and the resulting office rebuild, as well as the changes to workflow for re-
trained or newly hired staff.

A research stay at the Deutsches Museum (DM) in 2019 provided the
main incentive for selecting the IBM S/360 as a case study for this chap-
ter onmainframe computers. The exposition showcased a rare complete
S/360 model 20 on a raised platform reminiscent of the raised floors
in computer rooms of the 1960s. Other S/360s on display in the Com-
puter History Museum (CHM) only exhibited components, whereas the
IBMS/360model 30 in the Living ComputersMuseum+Labs (LCM+L)was
still under restoration at the time of my visit in 2018. The archive of the
DM furthermore offered valuable sources within the Firmenschriften col-
lection and the Verwaltungsarchiv.14 As a result, this case study focuses
on the use of the IBM S/360 in German healthcare (section 3.3).

In theUnitedStates theMassachusettsBlueCross also reliedonmain-
frame computers to process customer records for medical insurance and
won the bid to administer Medicare when the Social Security Act passed
in 1965. By the end of the 1960s, Blue Cross had installed three S/360s.
“Forty-three tape drives handled the records, and computer operations
went on twenty-four hours a day, seven days a week.”15 In Germany, the
introduction of a calibration law in the 1970s similarly motivated clinical-
chemistry laboratories to use the S/360 for processing test results. Since
smaller laboratories could not afford to purchase and install their own

13. James W. Cortada, IBM: The Rise and Fall and Reinvention of a Global Icon, History
of Computing (Cambridge, MA: MIT Press, March 2019), 219. For peripherals the delay
varied between six to nine months, for mainframes shipping would only start 18 to 24
months after the announcement.
14. IBM Firmenschriften; Verwaltungsarchiv, Deutsches Museum, München.
15. Ceruzzi, A History of Modern Computing, 113.
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computer, IBMalsooffereda time-sharing system, CALL/360 (see3.3.1).16
In time sharing systems “each user had the illusion that a complete ma-
chine and its software” was accessible via a data station.17 Although all
programs and data sets were accessible to the user, time sharing pushed
the physical limits of computers.18 In fact, “how fast or slow one person’s
job ran depended on who else was using the machine and what kind of
jobs they were doing.”19

Although both IBM and competitors achieved limited compatibility
on similar machines with different power, full compatibility on an entire
system family had never been achieved.20 However, “compatibility de-
pended as much on developing compatible programs or ‘software’ as it
did on hardware” and peripherals.21 Furthermore, peripherals were not
optimised for all machines.22 Customers preferred systems they could
upgrade according to their needs, adding larger compatible processors
which ran the same software and peripheral equipment.23

Based on a study of a proposedworkflow for the clinical-chemical lab-
oratory centred around IBM equipment of 1969 and the description of a
program in IBM’s CALL/360 software library, section 3.3.2 explains how
the introduction of computers changed thework ofmedical professionals.
The visualisation of the workflow from patient admission to the commu-
nication of results and sending invoices in figure 3.6 answers research
questions such as who controlled the flow of work and provided input
data? How did software transform input and output data? Who drafted
reports and how did the interface influence the workflow?

16. Hansjörgen Hägele, CALL/360 Beschreibende Statistik mit dem Programm Häu-
figkeitsanalyse (Stuttgart: IBM Deutschland GmbH, April 1974), Folder 06, IBM Firmen-
schriften; Call/360 Datenfernverarbeitung im Teilnehmersystem (Stuttgart: IBM Deutsch-
land GmbH), Folder 06, IBM Firmenschriften.
17. Ceruzzi, A History of Modern Computing, 154.
18. Ceruzzi, A History of Modern Computing, 154.
19. Ceruzzi, A History of Modern Computing, 117.
20. Wise, “IBM’s $5,000,000,000 Gamble.”
21. Wise, “IBM’s $5,000,000,000 Gamble.”
22. Evans, “Introduction to SPREAD,” 4.
23. Cortada, IBM, 207.
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Elaborating on the functioning of all mainframe components, the Ger-
man healthcare application is followed by an overview of the S/360. One
of the main features of the product family were these so-called modular
building blocks and reliance on existing mediums such as punch cards,
tape readers, and eventually disk storage for data entry, data storage
and programming. Section 3.4 discusses the proposed components of
the system family in detail. The dimensions and user interface of com-
ponents provide an insight into the experience and working conditions
of users. Furthermore, IBM provided many more services through the
Data Processing Division and later Field Engineering, “sometimes bun-
dled within hardware contracts and less often separately priced (espe-
cially before 1970).”24

Developing the S/360 fundamentally changed the company. In order
to develop the product line, IBMhired over 60,000 staffmembersmaking
up a third of the employees and spent 4.5 billion dollars to rentmachines,
space, and equipment for five newplants in theUnited States and interna-
tionally. In an article titled IBM’s $5,000,000,000 Gamble, Thomas Wise
describes the risk of introducing the S/360 as follows:

The decision committed I.B.M. to laying out money in sums
that read like the federal budget — some $5 billion over a pe-
riod of four years. […] The new System/360 was intended
to obsolete virtually all other existing computers—including
those being offered by I.B.M. itself.25

The announcement and promised availability of six mainmachines at the
same time tightened the schedule even further.26 In November 1966 the
model 20 at the low end of the system family was added to the list and
developed at the Böblingen plant in Germany. Section 3.5 focuses on
the S/360model 20 as an example of the internationalisation of the com-

24. Jeffrey R. Yost, Making IT work: a History of the Computer Services Industry, History
of Computing (Cambridge, MA: MIT Press, 2017), 177.
25. Wise, “IBM’s $5,000,000,000 Gamble.”
26. Wise, “IBM’s $5,000,000,000 Gamble.”
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puter industry, as well as the rising interest and integration of computers
in small businesses.

3.1 S/360 Applications and Users
The vision of the design team and especially the marketing team of their
ideal configured user becomes clear through a detailed visual discourse
analysis of the announcement folder from 1964.27

(a) front cover (b) first page

Figure 3.2: Leaflet, “IBM System/360,” 7th April 1964, NewProduct Line
papers.

27. For a definition of user perspectives developed by Andreas Fickers, see table 1.1.
Leaflet, “IBM System/360,” 7th April 1964, Collection of New Product Line (NPL) 360
papers, Harwood G. Kolsky papers, Lot X3021.2005, Box 09, Folder 11-02, Catalog
102634603, Computer History Museum, Mountain View (hereafter cited as New Product
Line papers.
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On the front cover, a miniaturised semi-conductor is held between
index-finger and thumb to demonstrate how small computer chips had
become, “the entire concept of computers” had changed. The folder then
opens to reveal half of an image on the left and on the right-hand side a
text titled “IBM SYSTEM/360” in bold capitals at the top of the page. A
bold subtitle then states “Nowone computer fills all your data processing
needs.” The text in two columns is then split into an introductory para-
graph with another detailed image of a hand seemingly covering the chip
shown on the front cover of the advertisement with a black cap, and four
sections titled: “more power per square inch,” “larger memories speed
problemsolving,” “newcomputer architecturemultiplies uses,” and “cus-
tom fit the system to the job.”

3.1.1 Data Processing Applications
The introductory paragraph of the folder makes use of adjectives such as
new, bigger, and faster, and emphasises efficiency and economy, men-
tioning three data processing problems the system can solve: commer-
cial, scientific, and communication issues. In explaining the production
process and benefits of miniature circuits the text suddenly switches to
the first-person plural we underscoring in-house expertise for instance
by changing the manufacturing process to build their own circuits rather
than outsourcing the production of this component. The change in man-
ufacturing fits into IBM’s vertically integrated business model.28 The an-
nouncement indicates a strive towards “more power per square inch”
seemingly complying with a fairly new idea in the electronics industry at
the time, thatwas published one year later and eventually became knows
as Moore’s law. “The object was to miniaturize electronics equipment to

28. In this case the vertical integration of chips into the production process works back-
ward since this component is manufactured before the assembly of computers. Ver-
tical integration strengthens the supply chain and can reduce production costs. See
Evan Tarver, Horizontal vs. Vertical Integration: What’s the Difference?, https://www.
investopedia . com / ask / answers / 051315 / what - difference - between -
horizontal-integration-and-vertical-integration.asp.
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include increasingly complex electronics functions in limited space with
minimum weight.”29

In the next section on expandedmemory capabilities the text empha-
sises size with terms such as larg(er/est), and big(ger), as well as speed,
and low-cost resulting in the typical adagium of “time is money.” IBM
also claimed to tailor the system to the needs of the customer. The third
section on the system’smultiple uses contains one enumeration after the
otherwhether in terms of concepts, problems, data, or once again, speed.
Finally, the fourth section expands on the idea of tailoring the system by
stating that customers or users can “custom fit the system to the job”
with vocabulary such as “pick and choose,” “select,” and “adapted,” as
well as a do’s and don’ts structure.

Once potential customers read about the technical advancements on
the right-hand side of the page, this page folds open once more and on
the inside of the folder the full image is revealed taking up two-thirds
of the page with another text on the remaining one-third including some
cut-outs of the large image. The main image of interest to the research
question regarding occupational segregation as shown in figure 3.3 is
taken from an almost aerial perspective with a circular composition of
peripherals and the central processing unit (CPU) as well as the printer-
keyboard for interacting with the CPU placed in the middle. Within the
Stone-henge-like circle of machines, four white people each holding an
artifact and dressed to reflect a certain profession or at a more abstract
level an activity similar to ancient gods or saints represent a personifica-
tion of the four problems the S/360 supposedly solves.

From left to right, the first man in black shoes and trousers, a white
shirt and black tie with silver pin is unrolling a dark blue paper likely con-
taining technical drawings. The second man is wearing a black business
suit with a white shirt and white handkerchief in his breast pocket. Peer-
ing through his glasses he is studying the pages of a large ring-bound

29. Gordon E. Moore, “Cramming More Components onto Integrated Circuits,” Electron-
ics 38, no. 8 (April 1965), https://archive.computerhistory.org/resources/
access/text/2017/03/102770822-05-01-acc.pdf.
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folder. The third man in safety-boots, brown trousers, a blue shirt, and
yellow safety hat is holding antique calipers to measure the diameter of
a pale gray tube. Finally, the only woman on the left is wearing sturdy
brown heels, a light skin-coloured nylon stockings, black pencil skirt and
black sleeve-less cardigan over a white blouse holding a black rotary dial
telephone in her right hand and pressing the receiver against her left ear.

Figure 3.3: Leaflet, “IBM System/360,” 7th April 1964, NewProduct Line
papers.

In the right-top corner of the image a circular logo contains several
triangles pointing in all wind directions as an abstraction of a compass
referencing the 360 degrees that underscore how the system covers all
applications.30 The main light source is placed in the southeast as if to
mimic sunrise, the beginning of a new day. Although the system came
in dusty-blue and burnt orange, the colour palette of the image adheres

30. See the explanation of the System/360 name by E. Pugh in the introduction of chap-
ter 3.
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to the sunrise metaphor with burnt orange and beige machines against a
yellow ochre backdrop.

3.1.2 User Personifications
Next to the main image a page of text in a similar two-column, four sec-
tions structure delves into the personifications of problems the system
can solve under the exact same header as the previous text-heavy page
consisting of the bold “IBM SYSTEM/360” title followed by the “Now one
computer fills all your data processing needs” subtitle. Each header fol-
lows the structure of “solves X problems,” with X being commercial, sci-
entific/engineering, control, or communication. The textwrappedaround
the outline of the cut-out images of personifications (fig. 3.4).

(a) business
(b) scientific / engi-
neering (c) control (d) communication

Figure 3.4: Leaflet, “IBM System/360,” 7th April 1964, NewProduct Line
papers.

Commercial Users
In the first business section however, the text starts with “you can tai-
lor SYSTEM/360,” rather than leading with “SYSTEM/360” as in all other
sections. Furthermore, IBM wanted to reach the entire business market,
therefore mentioning how their product was meant for small, medium,

98



SYSTEM/360 IN HEALTHCARE

andbig companies. Elaboratingon thepotential commercial applications,
numerous examples included “inventory management simulation, oper-
ations research,” and “market forecasting.” Besides mentioning techni-
cal advances in memory and the common business-oriented language
(COBOL) compiler, the text endsonwhat canonlybedescribedasadream
for employers and a nightmare for employees. “It moves from job to job
without operator intervention and thus speedswork flow.” Effectively the
advertisement is promising to replace human labour with machines, a re-
curring but often misleading claim made in advertisements for new tech-
nology.

Scientific and Engineering applications

Thenext sectionmoves on to scientific and engineering applicationsmen-
tioning “linear programming, automated design engineering, statistical
analysis of experimental data,” and last but not least “floating point arith-
metic.” Similar to the previous section the text then continues with tech-
nical advances suchas sharing corememory, creating abackupandagain
an improved compiler, called the mathematical formula translating sys-
tem (FORTRAN). Finally, several superlatives underscore the solutions a
larger memory provides in handling bigger problems and complexity, as
well as processing themmore quickly.

The S/360 strive for control

The third section on control problems begins with the S/360’s ability to
handle large volumes of data in real-time. Specific control applications
include “product testing, process control, process analysis.” Interest-
ingly, this also includes “medical data collection” as a further indication
of the broad audience IBM wanted to reach. Furthermore, the advertise-
ment emphasises data protection, as well as error detection and preven-
tion. Control here is understood as staying informed about the business
through “analysis, decision and action” based on up-to-date forecasts.
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The Female Communication Department
Thefinal section on communication is the only application representedby
a woman. As in all other sections however, the focus is not so much on
the user, but rather on the computer and its capabilities. Contrary to the
scientific/engineering section, the text suggests a gradual adoption of the
system and twice repeats to start small. Occupations related to commu-
nication were often female dominated. Recently, scholars have demon-
strated that once an occupation became female dominated, the status
of that field was diminished, leading to lowered wages and less recogni-
tion of their contributions.31 The only nouns in this section of the text re-
lated to communication are “messages,” “inquiries,” and “network,” but
there is no reference to telephone calls as the image of awomanholding a
telephone might suggest. Instead, terminals accepted input, output was
printed or displayed on a screen, and information could be disseminated
to other locations. Communications should thus be understood in the
context of information and communication technology (ICT), a term that
came into use a decade later to include the role of telecommunications
in Information Technology (IT).

The announcement of the S/360 in revolutionary discourse referred
to the computer as a stand-in for the human labour of data entry andma-
chine operation. The only labourers mentioned in the folder were IBM’s
own circuit manufacturers. Throughout the advertisement, marketers
continued to focus on technical features rather than the user experience.
The sales division of the company clearly intended to reach executives
who were responsible for purchasing equipment rather than using the
S/360. User personifications of computer applications displayed stereo-
types through artifacts and clothes. All people pictured in the advertise-
ment were white, ignoring people of colour as potential users. The only
female user was linked to communication. Clothing also signaled class
differences between male-stereotyped occupations of businessmen, en-
gineers, and a construction project manager.

Despite the advertisement’s claim that the S/360 covered all appli-

31. Hicks, Programmed Inequality, 16, 102.
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cations, Ceruzzi mentioned Seymour Cray’s supercomputer and the low-
end programmed data processor (PDP) minicomputer developed by the
Digital EquipmentCompany (DEC) (see chapter 4) as counter examples.32
Both scientific computer applications and the use of computing equip-
ment in business applications highlighted continuity rather than a revolu-
tion. The advertisement’s discourse does emphasize the increased man-
agerial control computers offered over workers, the production process,
and the business. After focusing on the promotion of the S/360 to exec-
utives, the next section moves to the life cycle stage of the purchase and
installation of the smallest model 20 in offices.

3.2 Rebuilding the Office around the Main-
frame

Originally, a mainframe only defined the CPU and primary memory of a
computer, whereas now a mainframe constitutes a pars pro toto describ-
ing any large or general-purpose computer, specifically supporting nu-
merous peripherals or subordinate computers.33 The IBM S/360 corre-
sponds with several essential characteristics of a mainframe in terms of
sheer size and collection of peripherals that can be connected to any CPU
in the system family. Due to the size of both the individual components
and the entire system, the design and layout of the office often needed
to accommodate for the machine. In order to understand the experience
of being in a designated computer room, severalmuseums reconstructed
at least some of the structure of a computer room. The most complete
reconstruction can be found at the LCM+L in Seattle where they installed
air conditioning for the entire room, and for one specific mainframe. The
entrance to the room is up a little ramp, because of the raised floor that
can support the weight of the computer and hides the very thick cables.

32. Ceruzzi, A History of Modern Computing, 154-162.
33. mainframe, n., accessed March 27, 2019, http://www.oed.com.proxy.bnl.
lu/view/Entry/233318.
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The manager of the Software Preservation lab, Dr. Moya, describes the
room as very loud, cold, and with a distinctive smell that resembles “ma-
chine oil and hot dust on plastic wires.” Entering the computer room is “a
very physical, visceral experience.”34
Purchasingand installing an IBMS/360 required careful planning in terms
of physical requirements and site selection, taking into account environ-
mental, electrical, and signal factors. In order to facilitate the installation,
IBM’s Systems Reference Library provided several installation manuals
for physical planning. Based on the Model 20 on display at the DM, I will
discuss the planning process, as well as the spatial, environmental and
electrical prerequisites.

In the Installation Manual-Physical Planning for the Model 20, IBM
first and foremost requires customers to provide a suitable environment
for the installation.35 Besides the systemandassociatedpersonnel, other
furniture including storage cabinets,work tables, chairs, anddesks should
also be taken into consideration.36 Furthermore, the length of the cables
connecting the machines limited the distance between the system com-
ponents.37 Since the Model 20 was the smallest mainframe in the S/360
family, fortunately the weight does not “exceed the floor loading capac-
ity of most buildings.”38 The schedule proposed by IBM encourages cus-
tomers to order six months before delivery and finalising the layout two
months later to allow for building alterations and time to process the ca-
ble order.39

The workflow and working conditions in relation to IBM S/360 Model
20 are nicely illustrated in aGermanprogramming course booklet. On the
onehand, themateriality of the device dictated theworkflowandworking

34. Moya, (Collections Manager, Living Computers: Museum + Labs), interview by Sytze
Van Herck.
35. International Business Machines Corporation, IBM System/360 Model 20 Installa-
tion Manual-Physical Planning, 11th ed., Systems Reference Library, S360 (Mod 20)-15
(Atlanta, GA: International Business Machines Corporation, September 1975), 1.
36. Corporation, IBM S/360-20 Installation and Planning, 1.
37. Corporation, IBM S/360-20 Installation and Planning, 1.
38. Corporation, IBM S/360-20 Installation and Planning, 1.
39. Corporation, IBM S/360-20 Installation and Planning, 1.
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conditions. On the other hand, existing processes and customer require-
ments determined the design of the computer in the first place.

Before any interaction with the IBM S/360 model 20, programmers
used paper forms and a pencil to write their instructions. Next, the in-
structions and input data were punched and assembled by keypunch-
ers and transferred to the computer (room). Operators then entered the
punch cards into the card reader. Once data and instructions were read,
the CPU processed the information and the results were either printed on
paper or punched onto new cards.

Figure 3.5: Dr. Thomas, “IBM System/360 Model 20 Workflow,” Pro-
grammieren mit dem IBM/360-RPG Arbeitsmittel: Fernseh- und computer-
unterstützter Gruppenunterricht (Sindelfingen: IBM Schüle für Datenver-
arbeitung), Folder 06, IBM Firmenschriften.
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3.3 German Healthcare Applications

3.3.1 Access to Computers
IBM’sCALL/360 timesharing systemofferedusersdirect access to amain-
frame through remote data stations or terminals connected via the public
dial-up network of the Deutschen Bundespost.40 Multiple users simulta-
neously accessed the speed, storage capacity, and programs of the con-
nected S/360. Users could run a small program written in beginners’ all-
purpose symbolic instruction code (BASIC) to solve a unique problem,
test the syntax and logic of larger programs, or use standard programs
from an extensive software library. Although the introductory document
inside the CALL/360 booklet emphasised programming as a key skill for
users, the text assured readers that the system was user friendly (be-
nutzerfreundlich). “Es ist nicht nur für EDV-Experten konzipiert.” IBM
does acknowledge the Elektronischen Daten Verarbeitung Expert or elec-
tronic data processing expert as the main intended user, but appeals in
particular to visitors of a congress for medics. They were invited to test
the system in the congress hall next to the auditorium. Programs for iso-
dose calculation (in ratiation therapy), patient management in the labo-
ratory, and an x-ray diagnostic program highlight the audience’s occupa-
tional background in healthcare.41

The CALL/360 system booklet mentioned other potential users such
as “Betriebswirte, Kostenrechner, IngenieureunTechniker,Wissenschaftler,
Marktanalytiker, und viele andere Berufsgruppen” including “Program-
mierteams.” Computer users thus worked in business, as scientists, or
as engineers, technicians and programmers. Even for users without any
experience with computers, a short introduction into the system and pro-
grams for their application domains would suffice according to the book-
let. The CALL/360 mainframe stored data and programs on large disks
which was inexpensive for time sharing customers. The price was de-

40. Call/360 Datenfernverarbeitung.
41. Call/360 Datenfernverarbeitung.
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termined by the lease or purchase of a data station or terminal; the pro-
cessing time, the connection time, and the disk storage usage making
up the CALL-service; and the network cost consisting of a model (110
DM/month) and the connection time for close areas (24 DM/hour) or re-
mote areas (42 DM/hour) for the Datex network. Depending on the data
station model, users of the time sharing system could enter paper tape,
punched cards, or magnetic cards (storing 5,000 characters). The instal-
lation of one data station required up to three power outlets: one for the
terminal, modem, and perhaps a card punch. Inside the IBM computer
centre CALL/360 customers connected to a S/360 model 50 with disk
storage, a control unit, card reader, card punch, printer, and tape units.42

One particular healthcare application becomes apparent in a program
description for frequency analysis, and in particular to support Statistis-
chen Qualitätskontrolle im Klinisch-Chemischen Laboratorium.43 Section
3.3.2will discuss the need for quality control in the clinical chemistry lab-
oratory. The introduction of the program booklet does describe possible
computer installations for large and small laboratories.

Einige Zentrallaboratorien sind heute bereits mit einer EDV-
Anlage ausgerüsted und damit in der Lage, u.a. die Qualität-
skontrollemit einem fast beliebigenFormelaufwandhalb- oder
vollautomatisch durchzuführen […]. Als Alternative dazu bi-
etet sich für zahlreiche kleine und mittlere Laboratorien der
Anschluß an ein Datenfernverarbeitungsnetz an, wie es durch
das IBM-Teilnehmersystem CALL gegeven ist. Es stellt einen
wirtschaftlich sehr günstigenKompromiß dar zwischen einem
teuren eigenen Computer und einem billigeren, aber wenig
leistungsfähigen Teschrechner.44.

While some central laboratories had already installed a computer sys-
tem to check thequality of tests either partially or fully automatic, smaller

42. Call/360 Datenfernverarbeitung.
43. Hägele, CALL/360 Häufigkeitsanalyse.
44. Hägele, CALL/360 Häufigkeitsanalyse.
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laboratories could not afford an expensive mainframe installation. In-
stead, the IBM CALL/360 time sharing system offered them a cheaper
alternative, more powerful than a calculator.

3.3.2 Managing the Clinical Chemistry Laboratory
Between 1950 and 1969, the clinical chemistry laboratory gained impor-
tance with the development of new test methods. Lab results also in-
creasingly supported the diagnosis of patients, placing more responsibil-
ity on the laboratory for accuracy of results. The number of lab studies
doubles almost every five years, leading laboratories to hire more per-
sonnel and introduce computers. Although computers could handle the
increased quantity of tests, their introduction did not necessarily improve
the quality of results. As an example, Dr. E. Blatt mentions an error rate
of 3-4% in the communication of lab results and 10%of results that were
simply lost at the hospital of Tübingen.45

Dr. Blatt also describes how the introduction of technology altered
thework of (female)medical-technical assistants (Assistentin). Amanual
analysis required 90% of her time in the lab, meaning she only used 10%
of her time towrite, calculate, correct, and communicate test results. For
a partially automatic procedure the time spent on analysis dropped to
70%, or 40% for a fully automated procedure. As a result, the assistant’s
job became dominated by paperwork instead of analysis as automation
increased. Errors occurred more often due to the increased number of
organisational steps required to calculate, write, and transfer data.46

In1970 theBundesrepublikDeutschlandorWestGermany introduced
the Eichgesetz or calibrating law mandating clinical chemistry laborato-
ries to perform quality control. The extent of quality control required by
law depended on the number of different analytical procedures, rather
than the frequency of sampling. Technical personnel could no longer
manage the extensive calculations on a routine basis without the help

45. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 1, Folder 05, IBM
Firmenschriften.
46. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 1-2.
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of tools. A statistical evaluation of test results meant the patient would
receive accurate results and quality control benefited clinical chemists
due to their heavy workload and high cost of running control analyses.47

According to Dr. Blatt, a data processing system would take over sev-
eral tasks such as recording laboratory test requirements, creating labels
for test tubes, creating work lists, identifying samples, recording mea-
sured values, checking the functioning of laboratory instruments, correct-
ing errors and calibrating results, performing quality control, printing re-
ports, running statistics, and entering laboratory services into a patient
record for billing.48

The workflow as shown in figure 3.6 starts with a standardised form
on which a nurse indicated the lab tests requested by the doctor and
stamped on the personal data of the patient to be machine readable (1).
In the central computer room, the formwas transferred onto punch cards
and read by the machine for storage on tape (2). The data served to print
a label for the sample tube and prepare the information for lab analysis
(3). When the nurse had taken the sample and attached the label (4), it
was sent to the lab for analysis (5) where values were entered manually,
off-line or on-line (6). Dr. Blatt believed manual entry offered an inter-
mediary solution for evaluating and reporting results. Values entered off-
line were recorded by the system, coded, and then punched on cards or
tape, whereas online systems connected laboratory equipment directly
to the computer (7). The connection of analog laboratory equipment to a
digital computer required an interface.49

In order for the computer to connect the values of tests to the cor-
rect patients, the (female) lab technician (Laboratin) received a work list
she needed to adhere to. In hospitals this system posed a problemwhen
emergency analysis received priority and interfered with the order of the
working list. As a result, the identifying informationand lab results needed
to remain together and were often attached to the sample itself. An iden-

47. Hägele, CALL/360 Häufigkeitsanalyse.
48. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 2.
49. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 3-5.

107



SYSTEM/360 IN HEALTHCARE

Figure 3.6: Dr. Blatt, “Laboratory Workflow,” Datenverarbeitung im
Klinisch-Chemischen Laboratorium (IBM, 1969), 28.
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tification device attached to laboratory equipment would read and trans-
fer the patient’s admission number and their results (8). Other personal
information was stored in a patient master record file and later added to
the evaluation and reporting of test results. A short twelve-column card
wasmanually taped to the tube so if the nurse attached the wrong identi-
fier, the error could not be corrected. All of the proposed procedures re-
quired the cooperation of the lab technician. Since the technology could
not entirely replace the worker, Dr. Blatt called this workflow an emer-
gency solution. The lab technician’s work was reduced to the insertion
of test tubes and entry of patient identification because the computer
stored and transferred the results.50

Theuseof computers in the clinical-chemical labhowevermeantmore
time could be spent on the analysis of a larger volume of tests and the
accuracy of results would improve with automated quality control. The
(male) laboratory physician (Laborarzt) would check a daily list of all tests
printed by the computer for deviations and mark them with a star (9).
When he released the results, they were communicated to the patient
and the healthcare facility (10). Since lab results could be stored for a
longer time, all test results could be bundled when patients were dis-
charged from the hospital. A report was printed for ambulant patients
with the address of the requesting general practitioner or hospital printed
so that letters could immediately be posted. Dr. Blatt listed the following
advantages of the system: writing and associatedmistakes aswell as cal-
culation errors were eliminated; no data was lost; values are more accu-
rate because of “automatische Drift- und Interaction-Korrekture, sowie
durch Qualitätskontrollen”; since lab personnel could focus on test anal-
ysis, equipment was used more efficiently; results were communicated
automatically and stored for further scientific research.51

By 1974 IBM published a program modelled according to the proce-
dure Dr. Blatt proposed, with six segments: patient admission, creation
of work lists, entry of lab results, reports, invoicing, and closure. Pa-

50. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 5-7.
51. Blatt, Datenverarbeitung im Klinisch-Chemischen Laboratorium, 8-12.
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tient data was stored locally on magnetic cards in the data station and
contained personal and billing information, statements about the sam-
ple, and the requested lab analysis. Work lists were produced per labo-
ratory and in patient order, leaving space to insert results manually. If
certain results were missing, the program allowed the laboratory to in-
sert a code for an analysis the lab could not perform (Befund erfolgt), or
for failing equipment or errors. The filled out work list was printed for a fi-
nal inspectionwhen the test resultswere stored. The computer prepared
the patient report based on patient, doctor, and analysis information, as
well as values entered. Once the analysis was completed and the report
sent, the invoice was prepared either for health insurance, as a collec-
tive invoice for a hospital, or for a private person. The daily closure pro-
gram segment retained information needed the next day and erased all
other data stored locally. One support program stored information about
general practitioners and hospital doctors which was only retrieved to
compose reports and invoices. Another support program contained the
name of the analysis, measuring unit, Gebührenordnung für Ärzte or GOÄ-
number andassociateddoctor’s fee for insertion inwork lists, reports and
invoices.52

3.4 The S/360’s modular Building Blocks
With the S/360 IBM “provided everything: hardware, peripherals, sys-
tems and applications software, and service.”53 The main response to
“customer’s needs for general-purpose processors,” was to develop “a
single compatible family extending from the smallest” to the largest pro-

52. Hansjörgen Hägele, CALL/360 Programmpaket Laborverwaltung (Bonn: IBM
Deutschland GmbH, March 1974), 1-13, Folder 06, IBM Firmenschriften.
53. Ceruzzi, A History of Modern Computing, 143. Historians have attributed IBM’s
success to their bundling of “processors, peripherals, software, and services.” Martin
Campbell-Kelly and Daniel D. Garcia-Swartz, From Mainframes to Smartphones (Cam-
bridge, MA: Harvard University Press, 2015), 40, https://books.google.be/books?
id=Lc3eCQAAQBAJ. Cited in Cortada, IBM, 198.
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cessors.54 Despite the initial recommendation of five processors, eventu-
ally six models were announced simultaneously differing in “size, speed,
and cost” to accommodate new applications and data rates.55 IBM’s ex-
perience in large commercial systems, large scientific and engineering
installations, real-time processing, and data processing for small compa-
nies in combination with existing product lines provided the necessary
insights that informed the S/360.56

At the basis of the system family was Solid Logic Technology (SLT)
which improved reliability and speed, lowered costs, micro-miniaturized
components and circuits, and reduced overall size. Rather than assem-
bling computer components from other manufacturers and offering ser-
vices to business, IBM became an integrated circuits manufacturer, pro-
ducing roughly 150 million circuits yearly. The performance of the S/360
models differed based on the speed of storage and circuits, size of the
data being processed, and the number of tasks running simultaneously.
However, the appearance of the system to the programmer and operator
remained the same for each model.57

Programs would run on all processors “with the same or smaller I/O
andmemory configuration”; therefore anappliedprogrammingplan could
“be written for only three configurations of the compatible family.”58 Pro-
gram compatibility increased the productivity of programmers and eased
migration to processors with a higher performance. Based on an inven-

54. J.W. Haanstra et al., “Processor Products: Final Report of the SPREAD Task Group,
December 28, 1961,” Annals of the History of Computing 5, no. 1 (March 1983): 6-7, htt
ps://doi.org/10.1109/MAHC.1983.10007.
55. Haanstra et al., “SPREAD Task Group,” 10. The final six models were model 30,
40, 50, 60, 62, and 70. See IBM System/360: System Summary (Poughkeepsie, NY: In-
ternational Business Machines Corporation, 1964), Box 43, 191697, Living Computers
Museum+Labs, Seattle.
56. Market segments defined by Steven Usselman, “IBM and its Imitators: Organiza-
tional Capabilities and the Emergence of the International Computer Industry,” Business
and Economic History 22, no. 2 (1993): 13. Referenced by Cortada, IBM, 199.
57. Programs dependent on internal timings might not be compatible. IBM S/360: Sys-
tem Summary, 5-6.
58. Haanstra et al., “SPREAD Task Group,” 7.
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tion from an earlier machine (the IBM 7030 Stretch), peripherals now
shared a standard interface and could be attached to any processor from
the product family, leading to fewer models being produced in higher vol-
umes. Before the introduction of the S/360, “user migration from one
architecture to another was usually difficult - if possible at all.”59 Chang-
ing to a more powerful system “required rewriting software,” as well as
“retraining or hiring new staff.”60 Migration to a larger model of the S/360
no longer required rewriting programs and smallermodels could serve as
a back up for larger models.61

Mainmemorywould grow exponentially and perhapsmost influential:
“an 8-bit character called the ‘byte’ was selected for the basic alphanu-
meric structure.”62 The main core storage of the system models ranged
from 8,192 to 524,288 bytes.63 Additionally, the S/360 could address
up to 16,777,216 bytes, or roughly 16 MB of additional storage.64 These
input/output (I/O) devices, called peripherals by the trade press, had a
standard interface.65

With a standard interface, IBM could offer a single line of tape,
card, and printing equipment that worked across the whole
line of machines - a powerful selling point whose advantages
easily offset whatever compromises had to be made to pro-
vide compatibility.66

Eventually, the word length of the S/360 was 32 bits, which simplified
the design.67 Finally, the S/360 introduced a new character structure in-

59. Evans, “Introduction to SPREAD,” 4.
60. Cortada, IBM, 207.
61. IBM S/360: System Summary, 6.
62. Evans, “Introduction to SPREAD,” 5.
63. For reference, the largest model can store 0.5 MB in main memory which roughly
equals the size of Harry Potter and the Chamber of Secrets. IBM S/360: System Summary,
6.
64. IBM S/360: System Summary, 7.
65. IBM S/360: System Summary, 8, 11; Ceruzzi, A History of Modern Computing, 153.
66. Ceruzzi, A History of Modern Computing, 153.
67. Ceruzzi, A History of Modern Computing, 151.
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cluding “uppercase and lowercase alphabets, special symbols, and sub-
scripts and superscripts.”68

Data channels directed “the flow of information between main stor-
age and those input-output devices,” thus speeding data processing by
relieving the CPU from input-output operation. The multiplexor chan-
nel separated high-speed operations fromoperations on lower-speed de-
vices such as printers, card punches, readers, and terminals. High-speed
devices including tape units and different storage peripherals operated
in burstmode, meaning a single I/O device would occupy the multiplexor
channel until the operation was finished.69

The variations in system models, core storage capacity, op-
tional features, and I/O configuration provide a flexibility that
permits the system to be tailored to suit the individual user’s
exact requirements,with theaddedadvantageof systemgrowth
without reprogramming.70

Finally, the system panel interface provided direct control over the pro-
cessing unit and contained three sections: “operator control, operator in-
tervention, and Customer Engineering maintenance.” Controls included
“stop, start and selection of the unit for initial program loading.”71

The System Summary contained a list of peripherals split into eleven
typesof devices and their control units.72 For clarity, I havegrouped these
I/O types into four categories. First and foremost, operators interacted
with the system directly trough both visual and manual interfaces. Sec-
ond, storage devices handled different mediums such as tape, files and
punch-cards. Third, the main output of the S/360 was printed on either
continuous or separate pages. Fourth, the remaining I/O devices for spe-
cific applications includemagnetic ink andoptical character readers used

68. Evans, “Introduction to SPREAD,” 4.
69. IBM S/360: System Summary, 8-10.
70. IBM S/360: System Summary, 11.
71. IBM S/360: System Summary, 12.
72. IBM S/360: System Summary, 16.
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in banking transactions and cash accounting, as well as communication
systems.

3.4.1 Interfaces
Operators directly interacted with the CPU through either visual or man-
ual interfaces. The S/360 included two visual display unit models, as
well as twomodels of an inquiry display terminal.73 All visual and inquiry
displays consisted of a monitor attached to a cabinet with an integrated
desk surface and fixed keyboard, the main difference being the size of
the screen.74 In terms ofmanual controls, the S/360provided the printer-
keyboard for “suchoperator-to-programor program-to-operator commu-
nication as program checking, program correction, and job logging.”75

The visual display units showed tables, graphs, charts, “alphameric
[sic]” letters, and figures on “a 21-inch cathode ray tube” (see figure 3.7).
Whereas the first model of the visual display unit could only be used as a
single console, the secondmodel facilitatedmultiple displayswith amax-
imum of eight displays at a maximum distance of 2,000 feet or around
600 meters from the control unit. The 12 ′′ square area displayed fifty-
two lines of seventy-four characters each. Optional features included a
light pen, programmed function keyboard and alphanumeric keyboard. A
light pen was “a hand-held, pen-like device used by the operator to iden-
tify to the program a particular point or character on the display screen.”
The programmed function keyboard could contain functions assigned “by
application-oriented interpretationprograms,” anddefinedby “illuminated
and interchangeable overlays.” Finally, the alphanumeric keyboard corre-
sponded to a traditional typewriter keyboard including letters, numbers,
and symbols, as well as controls for “the screen location of a movable

73. IBM 2250 Display Unit Model 1 and 2, with 2840 Display Control. IBM 1015 Inquiry
Display Terminal Model 1 and 2 controlled by the 1016 Control Unit. IBM S/360: System
Summary, 16.
74. IBM S/360: System Summary, 18-19.
75. IBM1052Printer-KeyboardModel 1 controlledby the1051ControlUnit. IBMS/360:
System Summary, 20.
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electronic marker,” or the cursor as it is now called. The inquiry display
terminal allowed operators to consult records in storage on demand. One
control unit could connect ten model 1 inquiry display terminals, which
in turn could attach five model 2 inquiry display terminals. The terminal
could be located at amaximumdistance of 2,500 feet or roughly 760me-
ters from the control unit. Themuch smaller screen displayed thirty lines
of forty characters each.76

Figure 3.7: IBM 2250 Display Unit. IBM S/360: System Summary, 18.

The manual control looked similar to the traditional typewriter (see
figure 3.8), but “the keyboard and the printing are electrically and me-
chanically independent of each other.” Each part of the printer-keyboard
had a separate function, since the keyboard accepted system input, and
the printer showed computer output. The device was placed on top of
a desk which housed the control unit in a cabinet below. The printing
speed was 14.8 characters per second, and the printing head could be
replaced.77

76. IBM S/360: System Summary, 17.
77. IBM S/360: System Summary, 20.
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Figure 3.8: IBM 1052 Printer-Keyboard, IBM S/360: System Summary,
19.

3.4.2 Storage Devices
Additional data storage attached to the CPU could take many forms. The
S/360 used magnetic and paper tapes, disk and drum storage, as well
as traditional punched cards. The magnetic tape units were newly devel-
oped by IBM and could be used for input and output.78 The paper tape
readerwas “especially designed for data communications, source record-
ing, for use in scientific data processing, and for data acquisition.”79 IBM
also resorted to disk and drum storage, which could “record and retrieve
data either at random or sequentially.”80 For on-line random access stor-
age, the S/360 offered a data cell drive that stored files on strips of mag-
netic tape.81 In order to attach most disk drives, data cell drives and

78. The IBM 2400 Series Magnetic Tape Units consisted of four tape units and controls:
2401, 2402, 2403, and 2404. Furthermore, two stand-alone tape control units were
included: the 2803, and 2804 (simultaneous) unit. The IBM7340HypertapeDriveModel
3 was controlled by the 2802.
79. IBM 2671 Paper Tape Reader.
80. IBM 1302 Disk Storage model 1 and 2, and 2311 Disk Storage drive. IBM 7320 and
2301 Drum Storage.
81. IBM 2321 Data Cell Drive model 1.
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drum storage, a storage control unit and adapters interpreted and exe-
cuted system orders and checked “the validity of the data transferred
to and from the storage devices.”82 Finally, IBM held on to the storage
medium of punch cards in which they had a large market share built up
over the past fifty years by including two card read punches.83

The newly developed magnetic tape units could read or write 800
bytes per inch of tape on nine tracks simultaneously. A standard feature
of the magnetic tape units was error correction on a “reread of a record
containing one or more errors in a single track.” Mounting and loading
tape reels became easier since tape automatically entered the columns,
and the tape was read backward to speed “tape sorting by eliminating
certain rewind operations.” The high performance magnetic tape drive
also came in a cartridge to eliminate “tape contamination or damage”
caused by manual handling.84 A maximum of sixteen high performance
magnetic tape drives could be connected to the S/360. The paper tape
reader on the other hand photo-electrically read “strips of 5-, 6-, 7-, or 8-
channel paper tape at a rate of up to 1,000 characters per second,” and
therefore worked slower and offered less memory than magnetic tape,
but remained in use for certain applications mentioned earlier.85

Disk storagepermitted randomaccess tofiles, andwasavailable since
1956when IBMannounced the randomaccessmethodof accounting and
control (RAMAC).86 Disks were described as “thin, magnetically-coated
metal disks that spin at about 1,800 revolutions per minute,” on which
“data andcontrol informationare recordedasmagnetized spots ona track.”
The Disk Storage Drive resembled a record player on top of a cabinet hid-
ing circuits and cables, and was covered by ametal and glass lid showing

82. IBM 2841 Storage Control Unit.
83. IBM 1402 Card Read Punch model 1, and 1442 Card Read Punch model 1. IBM
S/360: System Summary, 22-29.
84. IBM 7340 Hypertape Drive Model 3.
85. IBM S/360: System Summary, 22-24.
86. Louis D. Stevens, John J. Lynott, International BusinessMachines Corporation, Data
Storage Machine, US Patent 3,143,097, December 24, 1954, and issued May 19, 1964;
This patent was continued by William A. Goddard, Direct Access Magnetic Disc Storage
Device, US Patent 3,503,060, filed September 16, 1968, and issued March 24, 1970.
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the spinning disks, shown in figure 3.9.87

Figure 3.9: IBM 2311 Disk Storage, IBM S/360: System Summary, 22.

A single disk pack could store up to 7.25 MB of information, and each
control unit could attach eight disk storage drives or up to 58 MB of stor-
age. The main selling point for disk drives was the alleged ease of use
and unlimited storage capacity, since “the disk pack in each drive can be
easily removed and replacedwith another in less than 1minute.”88 Adisk
pack held six disks with a diameter of 14 ′′ inches or about 35 cm spaced
evenly on top of each other. With the exception of the two outer disk
surfaces protecting the pack, information was read or written on ten disk
surfaces through “magnetic read/write heads, mounted in pairs between
each two disks on a movable comb-like access mechanism.” Drum stor-
age as seen in figure 3.10 was still in use and could either provide on-line
random access storage of 0.83 MB or up to 4 MB per drum, amounting
to a maximum of 16 MB per control unit.89 Finally, file storage was even

87. IBM 2311 Disk Storage Drive.
88. IBM S/360: System Summary, 22.
89. IBM 7320 Drum Storage. IBM 2301 Drum Storage controlled by 2820.

118



SYSTEM/360 IN HEALTHCARE

more efficient with the Data Cell Drive which extended “on-line random
access storage capabilities,” and offered up to 400 MB at a data rate of
55,000 bytes per second. Data cells contained 200 strips of magnetic
tapes, of which each individual cell could be accessed via a rotary posi-
tioning system.90

Figure 3.10: IBM 2301 Drum Storage, IBM S/360: System Summary, 27.

The Card Read Punches both combined reading and punching cards,
with one main difference. The first model separated the read and punch
sections, to read and punch simultaneously, whereas the second model
used “a single common card path for reading and punching.”91 To ensure

90. IBM S/360: System Summary, 24-28.
91. IBM 1402 and 1442 Card Punches.
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compatibility with shorter 51-column cards such as “postal money-order
forms, installment payments,” and “inventory cards,” the first model pro-
videdanoptional “interchangeable read feed.” Because the secondmodel
serially fed cards “past a read and then a punch station,” the program
could read a card first, then at the next column punch the results onto
the same card. The Card Read Punch hopper could hold 1,200 cards for
input and inserted the output in two stackers of the same size. The first
model read cards twice as fast as the second at 800 cards per minute,
but punched cards much slower, at 250 cards per minute or 4 cards per
second versus 160 cards per second.92

3.4.3 Output Devices
Results were still printed on either separate or continuous pages or even
punch cards as main output. The S/360 therefore offered many printer
models.93 Besides using different paper formats, three features set print-
ers apart: the type of printer carriage, the rate of lines perminute, and the
size of the character set. Printer carriages either consisted of a chain of
linked characters, or trains of characters that were not linked. As an op-
tional feature the carriage could also be interchangeable, meaning users
could change the type font of the printer. One specific printer model
could also print in magnetic ink, specifically for “American Banking As-
sociation approved type font E-13B characters.”94

Two printers included in the S/360 were developed in 1959 for an
older IBM computer.95 The first printer held a stack of continuous pa-
per in a metal wire basket underneath. Printed pages were visible at
the top and came out in a metal wire basket at the back of the printer.
Operators thus needed access to both the front and the back of the ma-

92. IBM S/360: System Summary, 29.
93. The IBM 1403 Printer model 2 and 3, IBM 1404 model 2, and 2201 model 3 were
controlled by the 2821 Control Unit which came in four models. IBM 1443 and 1445
Printer model 1 had their own control units and storage buffers.
94. IBM 1445 Printer model 1. IBM S/360: System Summary, 30-32.
95. IBM 1403 Printer model 2 and 3, IBM 1404 Printer model 2.
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chine and were required to work standing. The first model used a chain
of linked characters for printing, whereas the second model operated a
train of characters that were not linked.96 Both models included an op-
tional tape listing feature that could substitute continuous paper for pa-
per sheet forms. Another difference between the models was the auxil-
iary polyester ribbon “for sharper impressions” that came with the first
model, compared to the preferred character set which was only included
in the second model. Although the second printer looked similar, on the
front of themetal box, twopunchcardholder accepted51- and80-column
cards (see figure 3.11).97 The printer also printed on continuous paper.98

Figure 3.11: IBM 1404 Printer, IBM S/360: System Summary, 30.

The new line of printers developed especially for the S/360 combined
“the proved performance of the [first printer] with the latest circuitry and
packaging techniques,” resulting in a tallmetal cabinetwith only paper in-
and output being visible. Finally, the last two printers were very similar

96. IBM 1403 Printer model 2 and 3.
97. IBM 1404 Printer model 2.
98. IBM S/360: System Summary, 30-31.
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using “a single type-bar that moves back and forth horizontally across
the paper.”99 Furthermore, a tape-controlled carriage advanced paper,
thus providing adjustable vertical line spacing. The difference between
the last two printers was the use of magnetic ink specifically for banking
applications.100

3.4.4 Application I/O Devices
Although IBM claimed that the S/360 was a general-purpose computer,
some applications still required specialised input/output devices. Mag-
netic ink was often used in finance, and the Magnetic Character Read-
ers were developed specifically for “magnetically inscribed information
on checks and other banking transactions.”101 Other optical readers that
eliminated “transcribing sourcedata for entry into the system”could read
either numeric, alphameric, or even pen and pencil marks. The optical
character reader was used in cash accounting, whereas the optical mark
page reader had many more accounting applications in “payroll, order
entry, accounts payable, inventory control, sales analysis, general ledger
work,” etc.102 Furthermore, the S/360 offered a range of peripherals to
support data collection, data communication, process communication,
and audio communications.

The magnetic character reader was an optional component for the
1410 data processing system developed in 1960.103 Developed specif-
ically for check-handling, documents read by the machine could differ in
“size and thickness.”104 The character reader also printed “the bank’s
endorsement on the back of documents as they pass through the ma-
chine.” The (Alphameric) Optical Readers as shown in figure 3.12 read

99. IBM 1443 and 1445 Printers.
100. IBM S/360: System Summary, 31-32.
101. IBM 1412 and IBM 1419 Magnetic Character Readers.
102. IBM1418Optical Character Readermodel 1, 2, and3, IBM1428AlphamericOptical
Reader model 1, 2, and 3, and IBM 1231 Optical Mark Page Reader Model N1.
103. IBM Archives: 1410 Data Processing System, January 2003, //www.ibm.com/ibm/
history/exhibits/mainframe/mainframe_PP1410.html.
104. IBM 1412 Optical Character Reader Model 1, 2 and 3.
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the data from card or paper documents into core storage.105 The num-
ber of stackers for sorted cards and the document-handling capabilities
differed depending on the model. The first model sorted “according to
class or general category” into three stackers, whereas the secondmodel
could sort documents numerically into thirteen stackers. The thirdmodel
was specifically adapted to “cash-accountingapplications inwhicha small
stub is customarily returned with a payment.” Finally, the Optical Mark
Page Reader could read pencil marks for “electronic test scoring” from
letter-size paper and served a myriad of applications in “business, gov-
ernment and institutions.” 106

Figure 3.12: IBM 1418 Optical Character Reader, IBM S/360: System
Summary, 33.

All communication systems attach to the S/360 via one of two control
units.107 The data adapter unit can connect between one and four lines
105. IBM1418Optical Character Readermodel 1, 2 and 3, IBM1428 Alphameric Optical
Reader Model 1, 2 and 3.
106. IBM 1231 Optical Mark Page Reader Model N1. IBM S/360: System Summary, 33-
34.
107. IBM 2701 Data Adapter Unit or IBM 2702 Transmission Control
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for “data communications, control, and data acquisition,” whereas the
transmission control “is a multi-line data communications device.”108 In
combination with input stations and printers at “locations remote from
the computer area,” the system is used for consulting the processing unit
in another plant or within the same plant.109 The input would be pre-
punched cards and badges, as well as numeric data from either a twelve-
column manual entry unit or data cartridge.110

TheS/360 included two tele-processingdata communication systems,
one office-oriented and the other focused on customer service that con-
nected to the Model 30 processor.111 The office-oriented data communi-
cation system as shown in figure 3.13 required a control unit which “con-
tains the power supply, code translator, data channels, and control cir-
cuitry.”112 This communication system connected to remote terminals
on-line, yet simultaneously prepared and recorded data off-line.

Figure 3.13: IBM 1050 Data Communication System, IBM S/360: System
Summary, 41.

108. 1410 Data Processing System, 34.
109. IBM 1031 Input Station and IBM 1033 Printer.
110. IBM S/360: System Summary, 40.
111. IBM 1050 and 1060 Data Communication System.
112. IBM 1051 Control Unit.
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The customer service data communication system was used in insti-
tutions such as “savings banks, savings and loan associations, and com-
mercial banks.”113 The Teller Terminal connected to the processing unit
from a branch office orwithin themain office and transmitted transaction
data through “communication-company facility or IBM line adapter.” In
the main office, “the record of the account is updated by the computer,
and the status of the account is transmitted back.” In the branch office or
separate department of the main office, the data are kept on “terminal-
record tape and on the customer’s account document (passbook),” and
the teller balance is updated. For teller terminals that could go off-line,
the keyboard could also function as an addingmachine.114Oneother tele-
processing terminal included in the S/360 was the Process Communica-
tion System which facilitated “control of natural gas and petroleum pipe
lines, utility distribution systems, and the collection of process data in
petroleum refineries, chemical plants, paper mills, iron and steel works,
batch processes in manufacturing, and many other applications.”115

Finally, the last communication system suggested for the S/360 were
Audio Response Units.116 These units answer inquiries consisting of a
series of digits from either “telephone type terminals” or “similar termi-
nals.” The unit first processes the digits and composes the replymessage
through addresses to select the words from the vocabulary, which is pre-
recorded in amale, optionally female, voice. Both the storagemedium for
the pre-recorded vocabulary and the size of this vocabulary differ. The
first model uses a limited analog vocabulary on a magnetic drum com-
posing between four and sixteen, and maximum 48 lines. Whereas the
second model stores an unlimited vocabulary “digitally coded voice on
an external disk file” for only two to eight lines.117

113. IBM 1060 Data Communication System.
114. IBM S/360: System Summary, 40-41.
115. IBM 1070 Process Communication System. IBM S/360: System Summary, 42.
116. IBM 7770 Audio Response Unit model 3, and IBM 7772 Audio Response Unit model
3.
117. IBM S/360: System Summary, 43-44.
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3.5 Big (blue) isn’t always better
IBM was sometimes referred to as Big Blue because of its large main-
frame machines in an iconic shade of blue, and perhaps due to its po-
sition as the computer company with the largest share in United States
computing in the 1960s.118 Not all of IBM’s systems or applicationswere
geared towards largemainframes or big businesses. This section focuses
on the smallest model in the product family, the S/360 model 20. De-
spite its modest size and relatively low price, or rather because of its size
and price, the model 20 was sold in the largest quantity, especially to
small businesses. Furthermore, IBM had evolved from a domestic United
States company with a World Trade subsidiary developing it’s own com-
puters, to an international companymarketing, engineering andmanufac-
turing the S/360.119 Consequentially, themodel 20 was not developed in
one of the laboratories in the United States, but in the German IBM labo-
ratory in Böblingen. The laboratory’s mission centered on “the design of
electronic processors for small systems primarily oriented toward appli-
cations at the lower end of a rapidly growing commercial market.”120

The laboratory in Böblingen competed with other IBM Development
laboratories in San Jose, California, andEndicott, NewYork, however IBM
required that information between laboratories was exchanged openly.
“The principle of free information flowwithin IBM’s research and develop-
ment (R&D) resources resulted in a powerful, fast worldwide knowledge
transfer.” One of the findings of an ongoing debate between Böblingen,
San Jose, and the New York laboratories (Pougkeepsie, Endicott, and
Yorktime Heights) at the start of the 1960s on “data flow, structure, and
processor speed requirements” resulted in a surprising find. As the first

118. The System/360 also came in other colours, including burnt orange as seen in the
advertisement discussed in section 3.1. Mentioned in Pratt, John. 2008. “The IBM Sys-
tem/360.” Youtube. https://www.youtube.com/watch?v=1OdRHImbPug.
119. Wise, “IBM’s $5,000,000,000 Gamble.”
120. Karl E. Ganzhorn, “IBM Boeblingen laboratory: product development,” IEEE Annals
of the History of Computing 26, no. 3 (2004): 20, https://doi.org/10.1109/MAHC.
2004.11.
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director of the IBM Böblingen laboratory, Karl E. Ganzhorn, recalls that
“-for economic reasons- low-end systems needed high-end components
to enable serial processing.”121

Despite international knowledge transfer, the internal competition fur-
ther manifested in conflicting demands placed on the German laboratory
once the CEO decided to combine San Jose and Böblingen’s forces.122
“Systems responsibility for thenext accounting systemwasgiven toBöblin-
gen, to give this laboratory another chance to grow into full product de-
velopment capability..”123 John Haanstra from the General Products Di-
vision in Endicott wanted the accounting system to be compatible with
the earlier 1401 and 1410 systems, whereas the Data Systems Division
in Poughkeepsie was pushing for the NPL, later the S/360.124 The solu-
tion the German laboratory came up with was based on the earlier break-
throughCortadadescribes as “thepossibility of adding specialmicrocode
to the control stores of computers to improve their performance when
simulating earlier IBM computers.”125 The microprograms were stored in
fast read-only memory and allowed the system architecture of the S/360
and the 1401-compatible system architecture to be interchangeable.126
In other words, the older accounting system’s architecture could be emu-
lated on the new S/360model 20 by changing the microcode.127 In early
1964 however, the dilemma of choosing between a backward compatible
emulator and the new system architecture was no longer relevant since
“IBM decided to launch the NPL exclusively as the System/360.”128

The team at the IBM laboratory in Böblingen was strengthened by
an American systems manager and engineers from San Jose in order to
fulfill all requirements of full product development including “announce-

121. Ganzhorn, “IBM Boeblingen laboratory,” 20-21.
122. Ganzhorn, “IBM Boeblingen laboratory,” 24.
123. Ganzhorn, “IBM Boeblingen laboratory,” 24.
124. Ganzhorn, “IBM Boeblingen laboratory,” 25.
125. Cortada, IBM, 212. He cites Pugh, Building IBM, 274.
126. Ganzhorn, “IBM Boeblingen laboratory,” 25.
127. Cortada, IBM, 212.
128. Ganzhorn, “IBM Boeblingen laboratory,” 25.
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ment, release to manufacturing, and shipment of the new system.”129
Each system component was developed by a different group, and other
departmentswere responsible for customer engineering, documentation
orwritingoperatingmanuals, product testing,marketing, estimating costs
and pricing the system, engineering control and eventually the release to
manufacturing after the announcement of the S/360model 20 in Novem-
ber 1964. The eventual production of the components was distributed
over “five IBM plants: Sindelfingen, Endicott, Toronto, Vimercate (Italy),
and Fujisawa (Japan).”130

“The primary objective of the Model 20 design was to have a low-cost
system for the System/360 line, allowing the unit record or punched card
accounting business to be linked with IBM’s new computer line.” In or-
der to keep costs down however, compatibility was compromised and
several components were designed specifically for this machine.131 The
IBM laboratory in Böblingen started developing the core memory for the
CPU and a new bar printer in 1963, whereas the multi-function card unit
(MFCU) was developed in San Jose.

3.5.1 System components
When the IBMS/360Model 20wasannounced inNovember 1964, theba-
sic configuration consisted of a CPU, a MFCU, and a new line printer, as
illustrated in figure 3.14.132 Furthermore, Ganzhorn mentions “seven ex-
isting and new card handling machines and three different line printers,”
however, the announcement folder only mentions two line printers.133
Additional tape units, disk storage, a magnetic character reader, and a
communication link were added later on as shown in figure 3.1.134

129. Ganzhorn, “IBM Boeblingen laboratory,” 24.
130. Ganzhorn, “IBM Boeblingen laboratory,” 25.
131. Ganzhorn, “IBM Boeblingen laboratory,” 25.
132. IBM 2020 CPU, IBM 2560 MFCU, and IBM 2203 line printer.
133. Ganzhorn, “IBM Boeblingen laboratory,” 25-26; Leaflet, “IBM S/360 Modell 20,”
November 1964, Folder 06, IBM Firmenschriften.
134. IBM 2415 Tape Unit, IBM 2311 Disk Storage, IBM 1419 Magnetic Character Reader.
Ganzhorn, “IBM Boeblingen laboratory,” 26.
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Figure 3.14: Leaflet, “IBMSystem/360Modell 20,” November 1964, IBM
Firmenschriften.

The disk storage drive is already shown in figure 3.9 and themagnetic
character reader as well as communication link are discussed in section
3.4, however the tape unit is of particular importance. “Specifically, cus-
tomers frequently used one configuration with tape units attached as an
offline tape-to-print system in large System/360 installations.”135 This
section therefore also includes a description of the tape unit that was
later added to the IBM S/360 Model 20.

Central Processing Unit

The Model 20 came in “a variety of memory sizes from 4 Kbytes to 16
Kbytes” of main storage.136 Main storage held the data that was being
processed, as well as the instructions or program that controlled the op-
eration. The system stored data in eight-bit bytes, each byte had its own
address and could contain different data formats. A byte or pair of bytes

135. Ganzhorn, “IBM Boeblingen laboratory,” 26.
136. Ganzhorn, “IBM Boeblingen laboratory,” 25.
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was referred to as halfwords and could hold binary or decimal numbers,
as well as logical data.137 The S/360 Model 20 had an instruction set of
thirty-seven instructions, which is only a fraction of the one-hundred and
forty-three instructions included in other models.138 The standard in-
struction set performed both binary and decimal arithmetic, as well as
logical, branch, and input-output control.139

The CPU had an internal bus structure with four ports that directly at-
tached to peripherals through small micro programmed I/O processors,
instead of through external channel controllers. One engineer compared
this bus structure to drivers in PCs, which in turn could be understood as
the location of for instanceUSB-portswhen accessed onmodern comput-
ers.140 The processor architecture was stored in transformer read-only
storage (TROS), which meant that by exchanging the micro program of
the TROS architecture developers could switch from 1401 to S/360 com-
patibility.141

Multi-Function Card Unit

The MFCU was developed by the IBM laboratory in San Jose, California
to handle card input and output.142 For the first time, one machine com-
bined “almost all punched card operations” such as reading, punching,
merging, collating, and sorting, as well as reproducing, gang- and sum-

137. IBM System/360 Model 20 Functional Characteristics, Systems Reference Library
(White Plains, NY: International Business Machines Corporation, April 1967), 2, http:
//bitsavers.trailing-edge.com/pdf/ibm/360/funcChar/A26-5847-3_360-
20_funChar_Apr67.pdf.
138. Pugh, Building IBM, 384. Ganzhorn mentions 47 instructions, however, the
System/360-20 Reference Card contains 37 instructions in its standard instruction set
in accordance with Pugh’s statement; Ganzhorn, “IBM Boeblingen laboratory,” 26; IBM
System/360 Reference Card: System/360 Model 20 (White Plains, NY: International Busi-
ness Machines Corporation), Box 1, 190157, Living Computers Museum+Labs, Seattle.
139. IBM S/360-20 Functional Characteristics, iii.
140. Ganzhorn, “IBM Boeblingen laboratory,” 26.
141. Ganzhorn, “IBM Boeblingen laboratory,” 26.
142. Ganzhorn, “IBM Boeblingen laboratory,” 26.
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mary punching, and decollating in a single pass.143 Figure 3.15 shows
the path of a card through the MFCU. The cards were read serially from
two hoppers.144

Aseachcardmoves through the readstation, light passes through
the punched holes in each column and is converted to electri-
cal energy by an array of solar sells, one cell for each column
position. […] After a card is read it advances to the prepunch
station in the same card path. From this point it advances
through the punch station upon command of the CPU.145.

Figure 3.15: IBM2560Multi-FunctionCardUnit, IBMSystem/360-20Sys-
tem Summary, 17.

The optional print station could print up to sixty-four characters on

143. IBM System/360 Model 20 System Summary, 5th ed., Systems Reference Library
(Boeblingen: International Business Machines Corporation, May 1970), 16, Box 1,
190135, Living Computers Museum+Labs, Seattle; Ganzhorn, “IBM Boeblingen labora-
tory,” 26.
144. Ganzhorn, “IBM Boeblingen laboratory,” 26.
145. IBM S/360-20 System Summary, 16.
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any of the twenty-five lines of a card.146 Once the operation was finished,
the cards were placed in any of the five stackers.147

Line Printer
Printers posed an issue in early computer design due to the “speed dis-
crepancyofmillisecondprocesses inmechanical devices and themicrosec-
ond rangeof electronics” slowingdown the entire throughput. Eventually,
I/O controllers were separated from the CPU. The new bar printer used
an electronic control for mechanics “printing on the fly with continuously
moving print elements.”148

Figure 3.16: Bar printing unit of the 2203 printer, Ganzhorn, “IBM Boe-
blingen laboratory,” 28.

As illustrated by figure 3.16 the printer functions as follows:

Abar […] [carried] print elements, andmovedhorizontally back

146. IBM System/360 Model 20 Functional Characteristics, 10th ed., Systems Reference
Library (Boeblingen: International Business Machines Corporation, March 1974), 38.
147. IBM S/360-20 System Summary, 16.
148. IBM 2203 Printer, Models A1 and A2. Ganzhorn, “IBM Boeblingen laboratory,” 27
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and forth in front of an ink ribbon and the paper. Hammers un-
der electronic timing control hit the individual type elements
on the fly as the bar moved across the print line.149

Front printing, where character print elements “hit the paper via an
ink tape like in a typewriter” produced better (carbon) copies in compar-
ison to the back-printing technology used in previous printer models.150
Despite printing at ever increasing speed, the cost was kept down be-
cause of the carrier for type elements which evolved from chain, to bar,
and later a rotating steel band. Furthermore, “interchangeable typebars
allow the operator to select a type style and character set for a specific
printing job.”151

The stored program in the CPU “controlled the sequence and arrange-
ment of dataprinted” according to theorder of thedata assembled in core
storage.152 Anoptional dual-feed carriage could simultaneously print two
separate forms.153 The printer was produced at IBM plants in Sindelfin-
gen, Essonnes in France, and Endicott. Eventually 1300 printers were
produced.154

3.5.2 Software
Problemsof softwaredevelopment in the1960sandearly 1970s included
the “cost and technical constraints on hardware - slow processors and
I/O, expensive primary and secondary storage, and multiple hardware
features.”155 “Although the softwarewas supplied free to customerswhen
they ordered the appropriate hardware, the software had to meet high

149. Ganzhorn, “IBM Boeblingen laboratory,” 28.
150. Ganzhorn, “IBM Boeblingen laboratory,” 26.
151. IBM S/360-20 System Summary, 14.
152. IBM S/360-20 System Summary, 14.
153. IBM S/360-20 System Summary, 15.
154. Ganzhorn, “IBM Boeblingen laboratory,” 28.
155. Albert Endres, “IBM Boeblingen’s Early Software Contributions,” IEEE Annals of the
History of Computing 26, no. 3 (2004): 31, https://doi.org/10.1109/MAHC.2004.
12.
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quality and efficiency standards.”156 The IBM laboratory in Böblingen
started developing software in 1962 and were assigned to provide pro-
gramming support for the S/360 Model 20 starting in 1964 with a team
of about thirty people. The software support for the smallestmodel in the
computer family was unique because “customers differed from those for
larger systems,” the peripherals described in section 3.5.1 were devel-
oped specifically for model 20, and because the “architecture differed
from the standard System/360 architecture.” In short, model 20 used a
subset of the standard instructions, had only eight registers, and periph-
erals were directly attached to the CPU.157

Between 1965 and 1968 the laboratory released three software pack-
ages: card, tape, and disk support. The first two software packages were
based on either “punched card and tabulator functions,” or on “previous
high-end systems.” The disk support was the only program new to the
S/360.158

The Card Programming System was available from December 1965
and ran Punched Card Utility programs and assembly as well as Report
Program Generator languages on installations “consisting of a CPU (in-
cluding a manual operator interface with lights, buttons, and switches),
a card reader/punch, and a printer” with optional console typewriter. In
keepingwith punch cardmachine functions, utility programs could punch
cards, collate, merge, tabulate, accumulate, and print cards. The MFCU
supported most functions including reading cards, but did not collate,
tabulate, or accumulate cards. One hopper held existing cardsmaking up
a file, while the other hopper held cards with instructions for additions,
deletions, and changes. The first stacker contained the new file, while
other stackers contained old versions of changed cards, deleted cards,
and (non)matching delete requests. By repeatedly merging sequential
cards, files could be sorted.159

In August 1967 the Model 20 also included a Tape Programming Sys-

156. Endres, “IBM Boeblingen’s Early Software Contributions,” 31.
157. Endres, “IBM Boeblingen’s Early Software Contributions,” 31, 33.
158. Endres, “IBM Boeblingen’s Early Software Contributions,” 31.
159. Endres, “IBM Boeblingen’s Early Software Contributions,” 32.
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temwhich was usually loaded from a single tape drive, while other drives
only storeddata. This software supported (de)blockingand label process-
ing, as well as sorting or merging tapes. “A Model 20 tape drive system
frequently served as a peripheral printer for larger systems.”160 Exactly
one year later, in August 1968, Boeblingen finished the Disk Program-
ming System offering random access to data stored on disks.161

Specially trained technical writers produced all customer doc-
umentation in English only. As an industry first, DPSdocumen-
tation included, besides manuals for each component […], a
systemguide. This publication described the software system
as a whole, taking a task-oriented view to explain installation,
operation and maintenance..162

New functions and a different file organization laid the foundation for
“long-term online data storage, such as databases.” Before the introduc-
tion of cathode-ray tube (CRT)monitors, users interactedwith computers
through a console typewriter. When the Disk Programming System was
introduced, users could interrupt a program to retrieve and print records
from a disk, supporting multi programming for the first time.163

3.5.3 Marketing and Sales
TheModel 20wasmarketed in particular towards kleinere undmittlereUn-
ternehmen or small and medium-size enterprises. In order not to scare
off newpotential customers, the front cover of folder for the smallest IBM
S/360 computer (fig. 3.17) did not show a chip or machine, but rather a
paper folded in a circular fan to emphasize the 360 degrees which sym-
bolized the wide range of applications the System supported. The first
page of the product folder did show an image of the computer installa-
tion (fig. 3.14). A woman wearing stilettos and looking at the output of

160. Endres, “IBM Boeblingen’s Early Software Contributions,” 32.
161. Endres, “IBM Boeblingen’s Early Software Contributions,” 32.
162. Endres, “IBM Boeblingen’s Early Software Contributions,” 33.
163. Endres, “IBM Boeblingen’s Early Software Contributions,” 32-33.
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a printer on the left side of the installation wore a fashionable business
dress and sported the popular 1960s bob haircut. The Model 20 still oc-
cupied the centre of the image and she did not look towards the camera
but was shown at work, standing in front of the machine. Perhaps her
presence also served to illustrate the size of the installation.

Figure 3.17: Leaflet, “IBMSystem/360Modell 20,” November 1964, IBM
Firmenschriften.

Above figure 3.14, the advertisement poses the question “Can your
company afford a data processing system?” On the right-hand page, the
advertisement answers “Wann ist ein Unternehmen groß genug für die
elektronische Datenverarbeitung?” in the first column, recognizing that
before the advent of theModel 20, electronic data processing simply was
not feasible or economic for small andmiddle-sized companies. The sec-
ond column then lists the advantages of the smallest S/360 model un-
der the header “Klein- und Mittelbetriebe können jetzt die Vorteile der
Elektronik voll nutzen.” The text tries to convince these companies with
adjectives such as low-cost, safe, high-speed (preisgünstige, sichere, mit
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hoher Geschwindigkeit) and addressing possible prejudice or fears with
words like simple, easy, and low requirements (einfache Programmierung,
leichte Bedienung und geringen Raumbedarf). Instead of airconditioned
large computer rooms, the Model 20 occupied little space by compari-
son and did not require additional modifications of the office. Since small
and middle sized companies often used punch card equipment in admin-
istration, programs read from cards and stored onmagnetic corememory
were partially familiar. Finally, the S/360was praised for its high process-
ing speed and large memory capacity, economy and adaptability.

The next two pages of the product folder start with a column on pos-
sible business applications like invoicing, sales analysis, payroll account-
ing, statistical tasks, market research, and investment and production
planning. The intended audience of executives and managers becomes
apparent in the following sentence:

Damitwird das IBMSystem/360Modell 20 einwirkungsvolles
InstrumentderUnternehmungsführung - eshilft nicht nur, bes-
timmte Arbeiten zu rationalisieren, es weist und erschließt
neueWegezurwirtschaftlichenFührungdesgesamtenBetriebes.

The management discourse of electronic data processing as an effective
instrument of businessmanagement leading to the rationalizationofwork
through new ways of economic management fit the control discourse of
the United States S/360 announcement folder (see section 3.1). Aside
from a description of SLT and an image of a chip next to a pencil to show-
case its small size, the first column on the next page assured executives
that programming the systemwas easy. “AuchMitarbeiter ohne spezielle
Maschinenkenntnisse [können] in kurzer Zeit ein entsprechendesProgramm
erstellen.” Employees did not have to learn machine language but could
use free translators orUbersetzungsprogrammes offered as programming
systems.

The next column detailed the operation and technical features of the
CPU. The following pages of the folder discussmost of the technical char-
acteristics of peripherals (see section 3.4 and 3.5.1) such as the MFCU,
several reading and card punches, card readers, and printers. The final
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page ends with a scheme of six possible S/360 Model 20 configurations
depending on the use of a card reader, reading punch, or the MFCU as
input, and the addition of a card punch to the CPU. Compatibility was
also stressed in the German folder as “die Möglichkeit zur Leistungser-
höhung bei steigenden Anforderungen.” The smallest IBM S/360 per-
formed slower and wasn’t entirely compatible with the other processor
units in the system family. However, the model 20 was the cheapest and
sold most in terms of numbers with up to 7,400 computers installed in
the United States alone by 1970.164

164. Emerson W. Pugh, IBM’s 360 and Early 370 Systems, History of Computing (Cam-
bridge, MA: MIT Press, 1991), 639.
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Chapter 4

MinicomputersOpening theSkies:
PDP-11s at NASA and Boeing

Once computing became more affordable and performance increased in
the 1960s, computers moved from government applications to industry
“making banking more accessible through automated tellers, making air-
line reservations more convenient over a telephone network, and moni-
toring freight trainsmore efficiently via automateddatabases.”1 Key char-
acteristics of minicomputers as defined in the Encyclopedia Britannica’s
computer lemmawere the small size and relatively low price, their use in
single departments for oneparticular taskor sharedby small groups,with
limited power but great compatibility with other devices in laboratories
and industry.2 Historian Paul Ceruzzi credits the Apollomission at the Na-
tional Aeronautics and Space Administration (NASA) for the change from
batch operation in mainframes like the International Business Machines

1. Jamie Parker Pearson, Digital at Work: Snapshots from the First Thirtyfive Years,
X2740.2004, Gift of Gordon Bell (Burlington, MA: Digital Press, 1992), 46, https://
archive.computerhistory.org/resources/text/DEC/dec.digital_at_
work.1992.102630350.pdf.
2. Paul A. Freiberger et al., Computer - Minicomputer, December 2008, https://www.

britannica.com/technology/computer.
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(IBM) System/360 (S/360) discussed in the previous chapter to the mini-
computer which allowed more personal interaction.3 As stated in the in-
troduction (see 1.1.2), the minicomputer allowed engineers, scientists
and other to interact directly with computers for the first time.4

With the space age in full swing by the end of the 1960s when as-
tronauts first set foot on the moon and commercial airlines offering an
ever increasing number of passengers the opportunity to fly by the start
of the 1970s, an intimate link between computers and the aerospace in-
dustry becomes apparent. On the one hand, computers supported de-
velopments in aeronautics for instance by providing engineers with di-
rect access to minicomputers for designing new aircraft. On the other
hand, contracts from government institutions to win the space race and
the Cold War in turn spurred developments in computing. This chapter
will illustrate parallels between the history of the minicomputer and avi-
ation history in the context of the Cold War. The life cycle of design, man-
ufacturing and sales at the Digital Equipment Company (DEC) in section
4.3 from the perspective of the computermanufacturer’s personnel is fol-
lowed by a detailed explanation of the components and functioning of
the programmed data processor (PDP) minicomputer in section 4.4 and
ends with an advertisement analysis in section 4.5 to assess the config-
ured or envisioned user. Usually, the life cycle then continues with the
application and use of minicomputers. Instead, this chapter first evokes
the historical context of the 1970s with the application and use of mini-
computers at NASA and Boeing to represent spaceflight research as a
governmental use of minicomputers, and the design of commercial air-
craft as an application with even greater impact on people’s lives in the
1970s.

Aviation in the 1960s and 1970s had a light and a dark side, similar to
any other technology. Military aviation and especially the use of aircraft in
the Vietnamwar fed a growing antiwar sentiment in theUnited States and
abroad. The Military Airlift Command established in 1966 from an earlier

3. Ceruzzi, A History of Modern Computing, 124.
4. Ceruzzi, A History of Modern Computing, 24.
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institution sent high-priority military cargo and troops to Vietnam and fa-
cilitated medical evacuation from combat. The loss of fighter planes in
combat also led to high expenses for American tax payers. Furthermore,
bombs dropped by airplanes left craters which filled with water where
malarial mosquitoes bred and the large scale use of defoliants caused
enormousecological damage. Thewar in Vietnamcreated a controversial
image of American military aviation, yet aviation made president Nixon’s
negotiations for peace possible with his journeys to China and Russia in
1972.5 The advent of jumbo jets stimulated domestic and foreign travel
as well as air cargo operations. However, conflicts in the Middle-East
caused a momentary contraction at the beginning of the 1970s for com-
mercial aviation due to the increasing price of fuel. By 1975 however,
commercial aircraft manufacturers soon rebounded with revenues rising
to $3.8 billion.6 Finally, space exploration inspired optimism while at the
same time stemming from Cold War competition with the Soviet Union.
After the peak of the Apollo 11 lunar mission on 16 July 1969, by Decem-
ber 1972mannedmission to themoon came to an endwith the Apollo 17
mission. NASA’s continued space exploration contributed significantly to
the analysis of the earth and the environment, with increased knowledge
of “the ocean, weather and climate, pollution, and natural resources”
through photography.7

The origins of the DEC (also known as DIGITAL) illustrate the com-
pany’s connection to aerospace from its inception to the eventual use
of minicomputers at NASA and Boeing. DEC started in a rented mill in
Maynard, Massachusetts. The mill was located in a town just outside of
Boston where the three founders had previously worked for the Lincoln
Labs at the Massachusetts Institute of Technology (MIT). Brothers Ken
and Stan Olson together with Harland Andersen started with $70,000
venture capital and sold logic modules in 1957.8 At MIT’s Lincoln Lab

5. Roger E. Bilstein, Flight in America: From the Wrights to the Astronauts, 3rd ed. (Bal-
timore: Johns Hopkins University Press, 2001), 249-256.
6. Bilstein, Flight in America, 257.
7. Bilstein, Flight in America, 278, 281.
8. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present (Maynard, MA:
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Ken Olsen first built a Memory Test Computer to test core memory for
the Whirlwind computer, a large-scale, real-time control system for air
defense. He then worked on the TX-0 which used a cathode-ray tube
(CRT) monitor and a light pen for interaction with light bulbs indicating
the status of a flip flop. Aside from his degree in electrical engineering
and experience building computers at MIT he also gained practical skills
from working in a tool shop while studying machine shop practice. Dur-
ing his stay at MIT he also controlled the quality of the Semi-Automatic
Ground Environment (SAGE) computers and observed production and or-
ganization techniques while in residence at IBM. Cofounder Harland E.
Anderson studied (engineering) physics and joined MIT in 1952 where
he took on administration for eight engineers. He also helped plan asso-
ciated SAGE systems before starting the DEC in 1957.9

After selling only modules, DEC introduced the PDP-1 in 1959 which
established DIGITAL’s design goals “of interactivity, low cost, simplicity
and reliability” for a number of follow-up PDP’s.10 George Doriot’s sug-
gestion to avoid computer vocabulary in the business proposal stemmed
from a fierce competition in the 1950s where few computer companies
were successful.11 This also explainswhy the line ofminicomputerswere
called programmed data processor rather than minicomputers.12

Over five years after the introduction of the PDP-1 DEC launched its
first successfulminicomputer. The PDP-8 sold around 50 000 systems.13
It was designed for specific tasks and expanded applications beyond pro-
cess control and laboratory applications to “chemical plants, newspa-
pers, laboratories, refineries, oceanographic studies, and schools.”14 By

DEC Press, 1978), 2, http://gordonbell.azurewebsites.net/digital/dec%
201957%20to%20present%201978.pdf.
9. Parker Pearson, Digital at Work, 4, 7, 10-11.
10. Parker Pearson, Digital at Work, 18.
11. General George Doriot headed the venture capital firm American Research and De-
velopment (AR&D)who provided KenOlsonwith a $70,000 loan to start the Digital Equip-
ment Corporation (DEC) in 1957. Parker Pearson, Digital at Work, 8.
12. Parker Pearson, Digital at Work, 10.
13. Parker Pearson, Digital at Work, 45.
14. Parker Pearson, Digital at Work, 50.
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spring 1970 the PDP-11was available at a lower price of around $20,000
as a family of compatible machines. Around one million machines were
sold over the next two decades with over half a million PDP-11s still in
use at the start of the 1990s.15

Similar to IBM’s S/360, DEC offered a system rather than a single
device. In particular the PDP-11 was intended as a “modular system
for real-time data acquisition, analysis and control.” The minicomputer
handbook stresses compatibility as another selling point comparable to
the S/360, with input/output (I/O) devices to complement the PDP-11.16
Although aminicomputer the size of a drawer rather than room-size com-
puters from previous decades seems to suggest that the PDP-11 was a
miniature computer by comparison, an entire PDP-11 system could still
take up an entire room. As hardware prices dropped, software and train-
ing becamemore expensive, thus hardware compatibility saved time and
money since applications were easily transferred to larger or smaller ma-
chines. Compatibility also meant customers could reuse peripherals and
software could be migrated to prevent users from having to retrain.17

Before diving into the research questions, the next section 4.1 delves
deeper into the source collections that support the analysis and the type
of user that emerges from them. The sources have shaped the selection
of the case study on the use of minicomputers in aerospace applications.
Therefore, the discussion of sources also includes amotivation for the se-
lection of certain images over others. Although aerospace and commer-
cial applications influenced many employees and travelers, the sources
also highlight entirely different industries which were not included in this
research.

15. Parker Pearson, Digital at Work, 58,61.
16. PDP-11 Handbook (Maynard, MA: Digital Equipment Corporation, 1969), 1, box
1765, 103622, Living Computers Museum+Labs, Seattle.
17. Parker Pearson, Digital at Work, 60.
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4.1 Users and Personnel in the Picture
In contrast to the predominance of textual sources in previous chapters,
the collection of visual sources such as slides and prints presents its own
opportunities and challenges. Users of the PDP-11 minicomputer and
DEC personnel who developed the device get a face and are depicted
while actually using the minicomputer. Interpreting the actions of those
users however needs to rely on secondary literature and other textual
sources, since the image alone cannot provide the full context of use.
Sensory experiences such as the sound, smell, sense of touch, and work-
ing experiences in general require extensive analysis of the image and
where possible additional sources, including working museum objects
on display or available for hands-on experience. Furthermore, visual dis-
course is constructed from the point of view of “the object and the sub-
ject - the seen and the seer.”18 Understanding the assignment and per-
spective of the photographer commissioned by the computer manufac-
turer matters. The composition of the image influences the interpreta-
tion and provides information on the intended audience.19 The user that
emerges from the images floats between the configured user when the
composition of images betrays their intended use in advertisements, and
the expert user when understood from the perspective of the subject in
action.20

TheDigital Equipment Corporation records collection of theComputer
History Museum (CHM) in Mountain View, California includes a series of
photographs. This large collectionwasdonated to themuseumbyHewlett-
Packard (HP) in 2004 which had acquired Compaq in 2002, a company
that had previously purchased the remainder of the DEC in 1998.21 As
Sara Lott, Senior Archives Manager recalls in her blog post describing the

18. Hooper-Greenhill, Museums and the Interpretation of Visual Culture, 108.
19. Rose, Visual Methodologies, 24-26.
20. Fickers, “Experimentelle Medienarchäologie,” 70-71.
21. Bo Doub, Kim Hayden, and Sara Chabino Lott, Guide to the Digital Equipment Cor-
poration records | 102733963 | Computer History Museum, 2017, 4, https : / / www .
computerhistory.org/collections/catalog/102733963.

144

https://www.computerhistory.org/collections/catalog/102733963
https://www.computerhistory.org/collections/catalog/102733963


MINICOMPUTERS OPENING THE SKIES

process, the processing of such a large collectionwas onlymade possible
thanks to a grant of $274,500 from the Andrew W. Mellon Foundation.22

The inclusion of the Digital Equipment Corporation records into the
collection of the CHM flows from the fact that the museum actually grew
out of the DIGITAL Computer Museum established in 1979 inside DEC’s
Marlborough office in Massachusetts. After a move to Boston in 1984
and a move of the collection to Mountain View, California, in 1996 the
Computer Museum in Boston closed its doors in 1999 and moved part
of the exhibit to the Boston Museum of Science and what remained of
the collection to the CHM Center in Mountain View, California, where a
building in the heart of Silicon Valley was purchased in 2002 to house the
museum.23

The most important part of the DEC records spanning from 1947 to
2002 for this chapter are the still images of the DEC Photo Library and
Archive.

The photo library holds tens of thousands of original slides,
transparencies, prints, negatives, and proof sheets spanning
the company’s active years from 1957 to 1998. These images
depict client applications of DEC products, brochures and pro-
motional material, portraits of DEC pioneers, and historical
files of images documenting the company’s early history and
achievementmilestones, alongwithhistories ofMaynard,Mas-
sachusetts and the “Maynard Mill” (DEC’s headquarters).24

4.1.1 Client Applications in the Aerospace Industry
Theclient applicationspart of the collectionand inparticular for aerospace
contain mostly slides, whereas images of DEC personnel were grouped

22. Sara Lott,What the DEC?!?, Medium, December 2017, https://thechm.medium.
com/what-the-dec-6d9f92d172bf.
23. Museum History | Computer History Museum, accessed February 8, 2021, https:
//www.computerhistory.org/chmhistory/.
24. Doub, Hayden, and Lott, DEC Finding Aid, 5.
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on sheets with images developed from negatives. The subseries of client
application slideswere produced between 1972 and 1988 “showing DEC
systems installed and in use at a number of client companies and institu-
tions worldwide.”25 The finding aid provides a good overview of different
applications shown in the slides including at “hospitals, airports, govern-
ment agencies, universities, large corporations, and laboratories.”26 For
the PDP-11 in particular, client application slides included several banks
(Farm Credit Bank, Wachovia Bank, and Community National Banks), a
medical setting (Massachussetts General Hospital), and original equip-
ment manufacturers (OEMs) such as the Converse Rubber Company and
Toronto Iron Works, as well as the New York Telephone Company, Type-
set, Boston Globe and others. Despite the myriad of applications, I have
decided to focus on the use of PDP-11 systems in aerospace, and in par-
ticular at NASA and Boeing.

Since the previous chapter 3 already focuses on the use of comput-
ers in healthcare during the 1960s, the use of minicomputers in hospi-
tals adds little to the diverse overviewof computing applications featured
throughout the thesis. Client applications at universities represent a very
limited number of highly expert users which does not illustrate the key
characteristic of minicomputers as more accessible compared to previ-
ous models. In addition, the use of minicomputers in universities had
little influence on the image of computing that emerged from advertising
or added to the popular image of computing in the United States during
the 1970s.

Applications in aerospace then includes four different client applica-
tions visible in the collection: airports, government agencies, large corpo-
rations, and laboratories. An increasing number of passengers indirectly
encountered computers in airports through ticket reservations, baggage
handling, and the organisation of ground operations. Government agen-
cies such as NASAwere very visible to Americans in general and certainly
influenced the vision on technology in the 1960s and 1970s, also feed-

25. Doub, Hayden, and Lott, DEC Finding Aid, 51.
26. Doub, Hayden, and Lott, DEC Finding Aid, 51.
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ing into popular culturewheremotion pictures for instance constitute the
imagined user. Military use ofminicomputers in aviation also fits into gov-
ernment agency applications. Records from military uses are however
far less accessible. In addition, the growing antiwar sentiment fed by
military aviation was not explicitly geared towards the use of computing
in military aviation. Commercial aircraft manufacturers such as Boeing
and commercial airlines such as Pan Am purchasing and operating the
airplanes clearly fit into applications of minicomputers at large corpora-
tions. Finally, both the Boeing Test Centre and some client applications
at NASA show the use of the PDP-11minicomputer in laboratory settings.
The client application slides thus feature most of the aerospace commu-
nity members Ceruzzi lists in Beyond the limits: flight enters the computer
agewhich “includeduniversity faculty and students, civil andmilitary gov-
ernment agencies, airframe manufacturers, and commercial airlines.”27

Aerospace presents a diverse field where minicomputers aided users
in different occupations. Travel by air became increasingly available to
the masses, much like computing became more accessible with the in-
troduction of minicomputers. In comparison to the micro- and personal
computers of the 1980s however, interaction and access was still rather
limited. A parallel can be observed in commercial aviation where budget
airlines only started operating after deregulation in 1978.

4.1.2 Occupations at DIGITAL
Unlike previous case studieswhere corporate executives of the computer
manufacturer feature prominently in secondary literature but employees
are less visible, the collection of prints from DEC also provide insight into
the occupational segregation andworking conditions of the teamswho in-
fluenced the design, production and sales of the PDP-11 minicomputer.
Supplemented with accounts from employees based on interviews in the
publication Digital at Work: snapshots from the first thirty-five years writ-

27. Paul E. Ceruzzi, Beyond the Limits: Flight Enters the Computer Age (Cambridge, MA:
MIT Press, 1989), 15, http://archive.org/details/beyondlimitsflig00ceru.
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ten by (former) DEC employees, the prints and first-hand accounts com-
bine the experience of remembered and expert designers, assembly line
workers, marketeers, and sales personnel.28 The images of DEC person-
nel are part of the subseries of archival proofs that were used by clients
“todeterminewhich transparenciesor prints toduplicate for use.”29 These
sources answer research questions such as: How was the PDP-11 de-
signed and produced and who was responsible for the design and pro-
duction? What initiated the need for this particular design or provided
the incentive and what were the working conditions of personnel at the
DEC?

4.1.3 A Library of Handbooks
The installation and operation of the PDP-11 is best understood from
handbooks. The two main handbooks for section 4.4 originate from the
Living Computers Museum+Labs (LCM+L) archive in Seattle, Washington,
which grew out of the personal collection of Paul Allen, co-founder of Mi-
crosoft.30 Allen’s original goal was to be able to run the original paper
tape Microsoft software as an important historical artefact of the com-
pany and his personal history. Since Microsoft was first developed on a
Teletype connected to a DIGITAL system, he collected many machines
as well as documentation from DEC. The LCM+L was established in 2013
and was open until the beginning of the COVID-19 pandemic and follow-
ing lockdown which forced the museum to close its doors and take its
collection offline in 2020.31

The first PDP-11Handbook from1969wasmymain source forwriting

28. Parker Pearson, Digital at Work.
29. Doub, Hayden, and Lott, DEC Finding Aid, 53.
30. PDP-11 Handbook (Maynard, MA: Digital Equipment Corporation, 1969), box 1765,
103622, Living Computers Museum+Labs, Seattle; PDP-11 Peripherals Handbook: pro-
gramming, interfacing (Maynard, MA: Digital Equipment Corporation, 1973), box 1766,
103640, Living Computers Museum+Labs, Seattle.
31. Moya, (Collections Manager, Living Computers: Museum + Labs), interview by Sytze
Van Herck; About LCM+L: Our History, accessed May 31, 2021, http://livingcomput
ers.org.
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a general introduction to the system.32 The overview of components that
made up a PDP-11 system illustrate how the minicomputer functioned,
but also explain the interface users interacted with and provides insight
into the working conditions of the engineers and lab technicians at Boe-
ing and NASA. Handbooks reference the configured user and answer re-
search question such as: How did the interface influence the workflow?
What did input and output data look like? How did software transform
the data and who developed software? How was the minicomputer in-
stalled and operated? Environmental requirements of the manufacturer
also indicate some characteristics of the working environment for users.

Since the PDP-11/20 model only came to market in June 1970, the
handbook predates the system by at least half a year. DIGITAL hand-
books were printed as paperbacks and served as an educational and pro-
motional tool.33 They were probably distributed to existing and poten-
tial future customers at trade shows or by sales people. In addition, the
handbook was probably helpful to engineers developing the system fur-
ther and other product lines building new devices for the PDP-11 system.
The handbook provided information concerning addressing modes, pro-
gramming of peripherals, and how to interface to the Unibus. Other em-
ployees benefiting from the handbook were software engineers develop-
ing applications for different markets since the handbook also discussed
the paper tape software system and operator’s console, and field service
engineers sent to customers to resolve problems who found not only an
overview of configuration and installation planning which was again use-
ful to sales people, but also useful instruction and addressing summaries
in appendix.34

The second PDP-11 Peripherals Handbook for Programming and Inter-
facingwasdated 1973. By thenmanymore PDP-11processors and other
products were introduced to the market and DEC’s approach to peripher-
als had changed. Whereas previously peripherals were purchased and

32. PDP-11 Handbook.
33. Parker Pearson, Digital at Work, 143.
34. PDP-11 Handbook.
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rebranded from other manufacturers, DIGITAL started to develop and
produce its own peripherals by purchasing existing manufacturers and
expanding to other facilities.35 The Peripherals Handbook explained how
toprogramperipherals, which types of peripheralswere available, how to
connect peripherals to the central processing unit (CPU) via Unibus con-
nections, andplanning sites aswell as configuring the system. On the one
hand, the handbookwas geared towards customers programming periph-
erals. On the other hand, sales people as well as field service engineers
found instructions for planning, configuring and installing or repairing pe-
ripherals in the manual. With production scattered over two and later
three continents, the handbook also provided an overview of products
that were being manufactured by DIGITAL.36

Thecompositionof the computingworkforceatDECand its customers
reflects the gendered discourse in the Occupational Outlook Handbook
publishedby theBureauof LaborStatistics that offeredgraduates aguide-
line on existing occupation.37 This source paints the picture of occupa-
tional segregation based on gender, nationality, ethnicity, and class in
the computer industry and provides an insight into the intersectional ex-
perience of minicomputer users.

4.1.4 Product Leaflets Displaying Users
Whereas the client application slides featured customer’s personnel at
work using the PDP-11, the collection of slides and prints also contained
staged photographs of equipment with or without users intended for ad-
vertising. Some of these photographs were included in the collection
of Marketing Brochures of the Computer History Museum (CHM).38 The

35. Parker Pearson, Digital at Work, 115.
36. PDP-11 Peripherals Handbook.
37. Occupational Outlook Handbook, 1976-77 Edition (Washington, DC: Bureau of Labor
Statistics, 1976), https://eric.ed.gov/?q=Occupational+Outlook+Handbook
&ft=on&pg=4&id=ED126289.
38. SarahWilson, Guide to the Company Collection of Computing Manuals and Marketing
Materials | 102634420 | Computer History Museum, 2007, https://www.computerhi
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CHM’s collection of digitizedmarketing brochures however included only
two PDP-11 brochures, whereas I found a full folder of PDP-11 market-
ing at the Centre for Computing History (CCH) in Cambridge.39 The folder
was addressed to Mr. Lemaistre from Micro Consultant in Surrey in the
United Kingdom. A digital representative provided somemarketingmate-
rials and price lists with a particular emphasis on anOEMDiscount Agree-
ment dated 3 November 1972.40

Product leaflets contain both visual and textual discourse on themini-
computer itself and the envisioned, intended or configured user accord-
ing to the computer manufacturer’s marketing team. Print remained the
preferred medium for DEC in the 1970s. This particular folder of product
leaflets was sent to an existing customer by a DIGITAL representative
which suggests that customers were already loyal to or at least familiar
with the brand and renewed or expanded their existing systems.

Since Ididnot encounter advertisements geared towardsaircraftman-
ufacturers or government agencies such as NASA, I decided to compare
DEC’s rather technical product leaflet to a study of the evolving image of
stewardesses in advertisements to promote domestic and international
commercial airlines. Vantoch’s research on The Jet Sex highlights female
stereotypes in advertisements aimed at a general audience and differed
substantially from the intendedexpert audience forPDPminicomputers.41
At the same time, the juxtaposition of the image of stewardesses and

story.org/collections/catalog/102634420.
39. PDP-11 Resource Timesharing System RSTS-11, 1970, Company Collection of Com-
puting Manuals and Marketing Materials, Lot X3067.2005, Catalog 102646128, Com-
puter History Museum, Mountain View (hereafter cited as Company Collection of Com-
puting Manuals and Marketing Materials), https://www.computerhistory.org/
collections/catalog/102646128.; PDP-11 Variations on a Theme, 1977, Company
Collection of Computing Manuals and Marketing Materials, Catalog 102646131, https:
//www.computerhistory.org/collections/catalog/102646131; The PDP-11
Family - Brochures, box FB1, CH42250, Centre for Computing History, Cambridge (here-
after cited as The PDP-11 Family - Brochures).
40. Brian Fifield to D. LeMaistre, 3rd November 1972, PDP-11 Family - Brochures.
41. Victoria Vantoch, The Jet Sex: Airline Stewardesses and the Making of an American
Icon (Philadelphia: University of Pennsylvania Press, 2013).
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users featured in the product leaflets illustrates radically different stereo-
types of women in 1970s advertising.

4.2 Computers in theSpaceAgeandJumbo
Jet Decade

Throughout the 1970s photographers travelled to DEC’s customers to
document different PDP-11applications. Oneof themost frequently pho-
tographed industries featured several applications in aerospace. Both
NASA and Boeing were able to purchase and install computers in the
1960s and 1970s. NASA received sufficient government funding to pur-
chase centralmainframes,minicomputers, and todevelopdedicated com-
puter systems in collaboration with computer industry contractors. Sim-
ilarly, the military and commercial aircraft manufacturer Boeing had the
means necessary to purchase computers to design, produce, and operate
aircraft.

In A Social History of the United States Laurie Mercier describes the
technological dreams of the 1970s in the context of The Economy, Work,
and Society.42 After the last Apollo mission to the moon in 1972 enthusi-
asm for astronaut space flight wavered due to high expenses in a time of
“theVietnamWar that siphoned funds away fromNASA, and the geopoliti-
cal achievement of U.S. technical superiority over the Soviets.”43 Instead
NASA launched robot explorers to discover space and study planetary
composition collecting photos and making important discoveries. “Yet
these discoveries did not capture the public imagination as much as did
the first Apollo moonwalk in 1969, and the decade lacked the optimism

42. Laurie Mercier, “The Economy,Work, and Society: Crises and NewDirections,” in So-
cial History of the United States: The 1970s. Ed. Daniel J. Walkowitz and Daniel E. Bender,
vol. 8, Social History of theUnited States (Santa Barbara, CA: ABC-CLIO, 2008), 265–336,
https://books.google.be/books?id=xypn4djxVD4C&pg=RA7-PA316&lpg=
RA7-PA316&dq=PDP+computers+at+NASA+1970s.
43. Mercier, “The Economy, Work, and Society,” 312.
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that accompanies 1960s space travel.”44 As funding declined, NASA be-
gan to focus more on commercial projects benefiting “the aerospace in-
dustry, and improved satellite technology [to] advance weather forecast-
ing and telecommunications.”45

Faced with a declining economy and rising unemployment as well as
the 1973 oil and environmental crisis, Americans started to question the
notion of progress.46 Although space exploration had origins in the Cold
War, it evolved to “a symbol of international cooperation” in the 1970s,
but cooperation failed to lower costs.47 Furthermore, NASA did not incor-
porate the change propagated by social movements until the late 1970s
when women and African Americans were finally admitted to the astro-
naut corps.48

Despite the decline of popular and federal support for NASA, “fan-
tasies about space travel, life and battles continued to capture the pop-
ular imagination.” With reruns of the Star Trek television series, and the
release of the first Star Warsmovie, as well as classics such as Planet of
the Apes and Alien, science-fiction continued to capture attention.49 As
one of the first computer games written for the PDP-1 called Space War!
helped popularize gaming as a leisure activity, and with DEC’s success in
laboratory settings, it is hardly surprising that uses of PDP-11s at NASA
figure in the client application slides of the Digital Equipment Corporation
records.50

Different applications requireddifferent computer configurations, and
only employees in certain occupations could gain access or interact di-
rectly with computers. The following sections outline applications and
the accompanying occupations and users who had access to computers

44. Mercier, “The Economy, Work, and Society,” 313.
45. Mercier, “The Economy, Work, and Society,” 313-314.
46. Mercier, “The Economy, Work, and Society,” 314-315.
47. Mercier, “The Economy, Work, and Society,” 316.
48. Mercier, “The Economy, Work, and Society,” 316.
49. Mercier, “The Economy, Work, and Society,” 314.
50. Spacewar!, December 2020, https://en.wikipedia.org/w/index.php?
title=Spacewar!&oldid=996247926. Doub, Hayden, and Lott, DEC Finding Aid.
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in the aerospace industry. The client application slides can answer re-
search questions relating to occupational segregation and working con-
ditions such as: Who had access? Under which circumstances did em-
ployees use computers? How did the interface influence the workflow?

4.2.1 Spaceflight Research at NASA
The role of NASA in propelling the computer industry and innovations for-
ward had been the object of several studies. NASA itself contracted a
study by James E. Tomayko in 1988 to supplement its encyclopedia with
a volumededicated entirely toComputers in Spaceflight: TheNASAExperi-
ence. The report discusses several computer developments with a focus
on NASA missions between the 1960s and 1970s but leaves out the use
of computers in administration and research.

When theNationalAeronautics andSpaceAdministrationwas founded
in 1958, “the stereotypical computer was the ‘UNIVAC,’ a collection of
spinning tapedrives, noisy printers, and featureless boxes, filling a house-
sized room.” A decade later, giant mainframes were replaced “by clus-
ters ofmedium-sizedcomputers in spaceflight operations,”mirroring com-
mercial developments. Computerswereused “on thegroundand inmanned
and unmanned spacecraft.”51

Computers onmanned spacecrafts were generally developed
from other computers (Apollo from Polaris; 4Pi from the Sys-
tem360). Computers in groundoperationswereadapted from
commercialmachines. However, computers onunmannedspace-
craft were custom designed.52

Mission controlwasmannedby flight controllerswhoassureda smooth
flight andcollected scientificdata, performednavigation calculations, and
sent commands to both manned an unmanned spacecrafts. Computers

51. James E. Tomayko, Computers in Spaceflight: The NASA Experience, ed. Allen Kent
and James G. Williams, March 1988, 2, https://ntrs.nasa.gov/citations/
19880069935.
52. Tomayko, Computers in Spaceflight, 136.
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in mission control processed massive amounts of data in real-time since
control tasks were beyond human abilities. Computer sites for mission
control were located nearWashington, DC, since 1961 andHouston since
1964 for manned missions, with the site in Washington, DC, and another
location inPasadena, California, responsible for unmannedmissions. Com-
puters and software for mannedmission control were developed in close
cooperation between IBM and NASA.53

Mission control of unmanned spacecrafts differed substantially from
manned spacecraft due to the long duration of unmanned flights with
few original engineers still associated with the mission by the end and
simultaneous responsibility for multiple missions. Thus operations were
planned for the long term and detailed documentationwas critical.54 The
GoddardSpaceFlightCenter nearWashington, DC, used “dedicated small
computers for specific missions, thus eliminating the complexity of han-
dling multiple missions on a single mainframe” controlling “the plethora
of scientific, navigational, communications, mapping, and weather satel-
lites.”55 Although minicomputers similar to DEC’s PDPs were used at the
control center and ground stations, the firstmention of a concrete proces-
sor used at NASA was the PDP-1. This PDP-1 served as a near real-time
data processor for spacecraft telemetry with data displayed on teletypes
at the Jet Propulsion Laboratory in Pasadena, California, which handled
control for deep space exploration.56

James E. Tomayko concluded that NASA had the greatest impact on
developments in real-time systems and achieved reliability through re-
dundancy, with emphasis on back-ups. However, NASA avoided innova-
tions in hardware, instead purchasing existing and reliable equipment.57
AtNASA inWashington, DC, a PDP-11/34 as photographed fromdifferent
angles showed people sitting at and around the system.58

53. Tomayko, Computers in Spaceflight, 242-243.
54. Tomayko, Computers in Spaceflight, 258.
55. Tomayko, Computers in Spaceflight, 259.
56. Tomayko, Computers in Spaceflight, 261.
57. Tomayko, Computers in Spaceflight, 300-301.
58. Photographs, ”PDP-11/34 and VAX-11/780 at NASA, Washington, D.C.,” 1978-
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Figure 4.1: Photographs, ”PDP-11/34 and VAX-11/780 at NASA, Wash-
ington, D.C.,” 1978-1979, Client application slides.

The first slide in the top-left corner of figure 4.1 portrays an office
setting in which aman is sitting in front of an alphanumeric display termi-
nal taking notes while engaged in a telephone conversation. The setting
and his attire suggest an administrative use of the terminal, similar to the
uses of punch cards in accounting (chapter 2) or the S/360mainframe for
business and communication (chapter 3). Two central slides in figure 4.1

1979, Still images, Client application slides, 1972-1988, Digital Equipment Corporation
records, Lot X2675.2004, Box 634, Folder 30, Catalog 102753921, Computer History
Museum, Mountain View (hereafter cited as Client application slides).
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show two female employees in a lab coat seated at an alphanumeric dis-
play terminal typing instructions and looking at the screen. The lab coats
point more towards the use of minicomputers for research and testing
rather than administration. In these three images, users were accessing
the computer remotely. Their working environment was located outside
of the computer room in an adjoining office, where noise and heat gen-
erated by machines was less disturbing. The orientation of desks could
indicate that users had a separate office, or that offices were shared with
few other colleagues. 59

The computer room was separated by a glass wall from an office. In-
side the computer room, a person was turned with their back to the cam-
era and bent over a peripheral. Two men sat in the office in front of the
computer room, where they were discussing design drawings of an air-
craft on a monitor as shown in figure 4.2. In the 1970s, computer-aided
design (CAD) allowed engineers to update and document design changes
and to record and keep track of the structural analysis. According to Paul
Ceruzzi, a central mainframe was used for structural analysis, whereas
a minicomputer handled detailed computations for smaller teams. The
visual display units (VDU) did not merely display graphics, but CAD could
alsomanipulate andstorepictureswith associatednumeric information.60
In contrast with previous terminals at NASA which were located in sepa-
rate offices, this small team of engineers could see what was going on in-
side the computer roomthroughpanesof glasswhile still being separated
from the cabinets of minicomputers and peripherals to keep noise down.
The separated computer room also allowed to keep costs down since air
conditioning, raised floors, anddesignatedelectrical circuitswere limited
to one space.

At the same site, three slides in figure 4.1 (two slides in the top right
corner and one slide on the left in the middle row) show rows of men
seatedat terminals in the control room. The location inWashington seems

59. Photographs, ”PDP-11/34 and VAX-11/780 at NASA, Washington, D.C.,” 1978-
1979, Client application slides.
60. Ceruzzi, Beyond the Limits, 115-119.
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Figure 4.2: Engineers at work with the PDP-11/34 computer room in the
background. Photograph, ”PDP-11/34 and VAX-11/780 at NASA, Wash-
ington, D.C.,” 1978-1979, Client application slides.

to indicate that this control roomwas located at theGoddard Space Flight
Center. Most men in the control room wore light blue dress shirts, some
with a navy vest, pencil behind their ear, binders on top of the terminal
and interacting with push button indicator lights, looking at the monitor
in front of them or at the wall-size display at the front of the control room.
Some were in conversation with their neighbouring colleagues or taking
notes, few if any were typing.61

The control room setting points towards a real-time application such
as flight control or rocket guidance.62 In suchhigh-pressureenvironments,
individual terminals and monitors offered users direct and real-time ac-

61. Photograph, ”PDP-11/34 and VAX-11/780 at NASA,Washington, D.C.,” 1978-1979,
Client application slides.
62. Ceruzzi, Beyond the Limits, 114.
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cess to the computer, while the overviewwas still visible on the display at
the front of the room. Rows of terminals were organised in a theatre-like
setting to ensure that the display at the front was visible to all and em-
ployees could quickly turn to adjoining colleagues for deliberation. While
I have no direct experience of such a control room environment and can-
not judge the noise, sound, or smell, these three slides display an abun-
dance of visual cues such as indicator lights and screens, as well as some
paperwork that requires trainedpersonnel to track flights, rockets, or per-
haps satellite launches.

Figure 4.3: Mission Control at NASA. Photograph, ”PDP-11/34 and
VAX-11/780 at NASA, Washington, D.C.,” 1978-1979, Client application
slides.

A careful observation based on the client application images at NASA
in figure 4.1 is that the few female computer users that were shown had
their hands on the keyboard and were actively interacting with the PDP-
11/34 using the terminal. Mostmale computer userswere seated in front
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of terminals but not directly interacting. A similar observation has been
made for a later decade by Aristotle Tympas and others for Greek com-
puter users.63

Theclient application slidesof thePDP-11/34andVAXsystematNASA
illustrate different uses of DEC minicomputers, as well as broader uses
of computer systems in the aerospace industry. The terminals in offices
for administrative and research applications are similar in application to
previous case studies (see section 2.2 and 3.1), but employees at NASA
had more direct access to minicomputers. Visual displays rather than
printouts allowed for an increasingly interactive computing experience.
Two further applications at NASA return in commercial aviation with en-
gineers increasingly able to draw and alter designs on computers rather
than paper, and real-time applications inmission and air traffic control re-
quiring intricate interconnected systems to support employees in track-
ing aircraft and making immediate, informed decision.

4.2.2 Commercial Aircraft by Boeing
One aircraft manufacturer featured in the client application slides of the
DEC recordswasBoeing. Boeing developed the first commercial jet plane
towards the end of the 1950s, referred to as the dawn of the jet age in avi-
ation history. The Cold War had funded the necessary research for mili-
tary aircraft which could then be applied to commercial airplanes. Aside
from the swept-backwingdesign for bomberswhich increased speedand
made commercial jets faster andmore attractive to passengers, the Boe-
ing 707 or first commercial passenger jet was based on a jet tanker refu-
eling bombers in flight. Using cheaper kerosene formore reliable engines
that produced less vibration, Pan Am ordered and operated Boeing’s first

63. Aristotle Tympaset al., “ConstructingGender andTechnology inAdvertising Images:
Feminine andMasculine Computer Parts,” inGender Codes:WhyWomen Are Leaving Com-
puting, ed. Thomas J. Misa (Hoboken, NJ: John Wiley & Sons, 2010), 187–209, https:
//doi.org/10.1002/9780470619926.ch9.
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commercial jet by 1958.64
Similarly, the Boeing 747 was based on a proposal for an oversized

military cargo plane which eventually went to a competitor.65 Again, Pan
Am was the first to order the Boeing 747 seating between 360 and 450
passengers depending on the configuration and effectively doubling ca-
pacity compared to previous jet aircraft.66 After constructing a new as-
semblybuilding, thefirstBoeing747s rolledout in autumnof1968andaf-
ter extensive testing andapproval, deliveries started inDecember1969.67
The wide-body Boeing 747 entered commercial service for Pan Am on
January 22, 1970.68 Their wide-bodied jet or jumbo jet characterized air
travel in the 1970s.69

With two aisles and rows of ten seats space became increasingly re-
stricted, and staff could not devote as much personal attention to travel-
ers in economy class. Passenger overload in airports caused delays and
strikes.70 The experience of first class travelers better resembled adver-
tisementswhichpromoted “comfortable, quiet, and luxuriously-appointed
cabins reminiscent of large living rooms with spacious lounges and cock-
tail bars.”71

By the 1970s airlines witnessed a reduction in first-class travelers
with a steep incline of leisure travelers or people visiting friends and rel-
atives. Flying was no longer an unusual experience travelers dressed up

64. History of Aviation - First Flights, accessed May 25, 2021, https://www.avjobs.
com/history/index.asp.
65. Bilstein, Flight in America, 262.
66. R. E. G. Davies, Airlines of the Jet Age: A History (Washington, DC: Smithsonian Insti-
tution Scholarly Press, August 2016), Chapter 15.
67. Bilstein, Flight in America, 262.
68. Tim Brady, The American Aviation Experience: A History (Carbondale, IL: SIU Press,
2000), 222.
69. Davies, Airlines of the Jet Age, Chapter 15.
70. Nina Hadaway, The Golden Age of Air Travel (Oxford: Shire Publications, 2013), The
Boom inAir Travel;Jenifer VanVleck,Empire of theAir (Cambridge,MA:HarvardUniversity
Press, November 2013), 272.
71. Charles Schuler,Widebody: The Launch of the Jumbojets in the Early 1970s, Septem-
ber 2019, https://www.flysfo.com/media/press- releases/widebody-
launch-jumbojets-early-1970s.
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for. Studentswere now able to fly to college thanks to fare discounts, and
the younger generations introduced T-shirts and jeans in flight. As many
historians state “air travel for themasses had arrived.”72 By1977, 63per-
cent of the American adult population had flown and about 273 million
travellers had passed through airport gates in 1978 alone with around
700 flights crossing the skies every hour.73

Although passengers rarely encountered computers directly while go-
ing through the airport and boarding the aircraft, computer systems ful-
filled several essential roles in commercial aeronautics. Aircraft manu-
facturers like Boeing relied on computers during the design stage, the
testing phase, in manufacturing and for training pilots in flight simula-
tors.74 Passengers unknowingly used computer systems to make an air-
line reservation. At airports their baggage was handled by computers.
Groundoperations aswell as air traffic controlwasmanagedby computer
systems.75

Unlike figure 4.2 which illustrates the use of the PDP-11/34 in the de-
sign stage at NASA, client application slides for Boeing do not include
minicomputers used by engineers while drawing. Presumably, the 6,000
engineers who produced over 75,000 engineering drawings for the Boe-
ing 747 also relied on computers during the design stage.76 The client ap-
plication slides fromBoeing do include other examples of the PDP-11/40
minicomputer used at the test centre inWashington. Although the finding
aid does not include an exact reference to the location of the test centre,
the sheer size of the Boeing 747 meant testing most likely happened at
the newly constructed assembly plant next to the military base at Paine
Field near Everett close to Seattle, Washington.77

72. Davies, Airlines of the Jet Age, Chapter 20; Martin W. Bowman, Boeing 747 A History:
Delivering the Dream (South Yorkshire: Pen / Sword, June 2014), Introduction; Hadaway,
The Golden Age of Air Travel, Epilogue; Van Vleck, Empire of the Air, 288.
73. Bilstein, Flight in America, 286.
74. Ceruzzi, Beyond the Limits, 2, 16.
75. Ceruzzi, Beyond the Limits, 226.
76. Bowman, Boeing 747, Chapter 1 and 2.
77. Bowman, Boeing 747, Chapter 2.
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AviationauthorMartinW.Bowmanmentioned that numerical controlled
machineswere used for assembly at Boeing.78 Paul Ceruzzi also explains
howCADswere translated to computer-aidedmanufacturing (CAM),which
in turn could support the numerical controlled machines that Bowman
mentioned. Apersonentered information fromengineeringdrawings into
the computer which printed commands on punch tape. Milling machines
then read the tape and selected tools for cutting metal automatically.79
The client application slides included one image of aman in a blue T-shirt
looking up at the ceiling of an aircraft under construction (see figure 4.4
(a)), but I cannot ascertain that he in fact works in manufacturing.80

(a) Manufacturing (b) Testing

Figure 4.4: Photograph, ”PDP-11/40 at the Boeing Test Center,” 1976,
Client application slides; S. Spelman, photograph, ”PDP-11/34 and labo-
ratory peripheral system at Boeing,” July 1980, Client application slides.

In a second set of client application slides, the PDP-11/34 was con-
nected to laboratory peripherals at Boeing. One man was taking notes

78. Bowman, Boeing 747, Chapter 2.
79. Ceruzzi, Beyond the Limits, 132-133.
80. Photograph, ”PDP-11/40 at the Boeing Test Center,” 1976, Client application slides,
Box 633, Folder 13, Catalog 102749324.
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while observing a machine. Figure 4.4 (b) of a man turning a switch on
laboratory peripherals connected to a DECwriter, also includes heavier
machinery in the background of the image that was either used for test-
ing components or perhaps illustrates the use of numerical controlled
machines in CAM described in the previous paragraph.81 Another image
showed aman holding amicroscopewhile adjusting an oscillator.82 Bow-
man does confirm that the Boeing 747 underwent 15,000 hours of wind-
tunnel testing, and minicomputers similar to the PDP-11 were installed
on board of test flights in a cabinet structure.83

The clearest example of the use of a PDP-11/40 system at the Boeing
Test Centre is illustrated by two people in a flight simulator, one dressed
in a pilot uniform one hand on the engine handle, the other in a checkered
shirt talking to an intercom. As at NASA, the PDP-11/40 in the Boeing
Test Centre was located in a separate room behind awall of glass as seen
in figure 4.5. The pilots were seated in a cabin supported by hydraulics
which simulated movement based on input from the PDP-11 system.84

Figure4.5: Flight Simulator. Photographs, ”PDP-11/40at theBoeingTest
Center,” 1976, Client application slides.

The final use ofminicomputers by Boeingwas in the cockpit. Until the

81. Steve Spelman, photograph, ”PDP-11/34 and laboratory peripheral system at Boe-
ing,” July 1980, Client application slides, Box 634, Folder 40, Catalog 102753934.
82. Photograph, ”PDP-11/40 at theBoeing Test Center,” 1976, Client application slides.
83. Bowman, Boeing 747, Chapter 1 and 3.
84. Photographs, ”PDP-11/40 at the Boeing Test Center,” 1976, Client application
slides; Ceruzzi, A History of Modern Computing, 158.
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mid-1970s the cockpit was full of analogue instruments as shown in the
flight simulator. Pilots required the assistance of flight engineers to inter-
pret all of the instruments. One innovation of theBoeing 747was its inter-
tial navigation system (INS) which eliminated the need for ground-based
navigation aids, inspired by the Apollo mission. The automatic flight con-
trol system furthermore combined autopilot with a flight director system
(AP/FD) and used three Sperry (later Honeywell) minicomputers.85 Only
in 1985 did Boeing catch up to its competitors by including a “full digital,
two crew flight deck with cathode ray tube (CRT) displays.”

The client application series also included several images of the PDP-
11’s use at airports. Airline reservation systems however were not pic-
tured, but oftenmentioned in literature. “Reserving airline seats is clearly
a complicated task, well-suited to computerization. Agents all over the
country cannowcheck flight availability and reserve seats from theirwork
stations […].”86 In fact, Ceruzzi attributes the Semi-automated Business
Research Environment (SABRE) reservation system for American Airlines
in part to IBM’s experiencewith SAGE, a defence system to interceptmis-
siles during the Cold War. The reservation system “gave the ticket agent
direct and rapid access to information” on available seats and planes.87

American Airlines in New York did send DEC photographs of a second
computer application at airports, in particular baggage handling at the Lo-
gan Airport (see figure 4.6). Dr. Frey’s dissertation on Models and Meth-
ods for Optimizing Baggage Handling at Airports includes a brief historical
review which makes up for its lack in references with a general overview
of baggage handling in the 1970s. The introduction of the Boeing 747
and other airplanes of similar sizemeant baggage logistics changed com-
pletely frompassengers carrying their suitcasesuntil theyembarkedwhile
baggage handlers loaded baggage one by one, to the check-in process at
counters in the terminal building still in use today.88 Some images show

85. Bowman, Boeing 747, Chapter 1.
86. Computer-Based National Information Systems: Technology and Public Policy Issues
(Congress of the U.S., Office of Technology Assessment, 1981), 40.
87. Ceruzzi, Beyond the Limits, 76.
88. Markus Matthäus Frey, “Models and Methods for Optimizing Baggage Handling at
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Figure 4.6: D. Coady, photographs, ”Baggage handling at American Air-
lines,” 1973, Client application slides.

Airports” (Dissertation, TechnischeUniversitätMünchen, 2014), 2,https://mediatum.
ub.tum.de/doc/1232183/1232183.pdf.166
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a male employee of colour loading passenger’s luggage onto a conveyor
belt, others show passengerswaiting for their luggage after arrival.89 Fig-
ure 4.6 shows luggage handling on the tarmac and behind the scenes at
the airport.90 In fact, figure 4.6 includes “shots of an American Airlines
terminal, airplanes on the runway, and handlers loading DEC equipment
(not visible in the images because they were already packed in crates)
to be sent to Australia.”91 Minicomputers were not only used in airports,
DECwas also a customer of American Airlines for shipping the equipment
to Australia.

The increase of passengers and sheer size of the jumbo jet meant air-
ports needed to adapt their runway and taxi areas, hangarage space, food
and fuel replenishment service, baggage capacity, as well as their stock
of spares adding to the cost of introducing thewide-bodied aircraft.92 The
next series of slides shows the PDP-11/70 used at Logan Airport and il-
lustrates that the introduction of thewide-bodied jet also required “major
adaptations or extensions of ground-handling facilities at airports.”93 The
scenedisplayed in slide 4.7might be anexample of a ground-handling op-
erations room. A man is shownmaking a phone call in front of a series of
equipment including a collection of paper slips, two keyboards, and four
panels of indicator lights.94

In an essay on Centres of Coordination Lucy Suchman describes the
settingof airport groundoperation rooms in the context of anethnographic
study which took place at a metropolitan airport on the west coast of
the United States between 1989 and 1991. Although most technology

89. Photographs, ”American Airlines - Logan Airport,” 1972, Client application slides,
Box 633, Folder 3, Catalog 102749314.
90. Dennis Coady, photographs, ”Baggage handling at American Airlines,” 1973, Client
application slides, Box 633, Folder 4, Catalog 102749315.
91. Doub, Hayden, and Lott, DEC Finding Aid, 51.
92. Bowman, Boeing 747, Chapter 1.
93. Sigmar Stadlmeier, International Commercial Aviation: From Foreign Policy to Trade
in Services, ed. Marietta Benkö and Willem de Graaff, vol. 5, From for Air and Space Law
(Paris: Editions Frontières, 1998), 234.
94. Susan Lang, photograph, ”PDP-11 at Logan Airport,” 1977, Client application slides,
Box 634, folder 20, Catalog 102753911.
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Figure 4.7: Ground Operations. S. Lang, photograph, ”PDP-11 at Logan
Airport,” 1977, Client application slides.

and some procedures have probably changed between 1977 (the date
of the slide from Logan Airport) and 1989 (when the ethnographic study
started), the description of working conditions and the environment from
the essay evokes the experience displayed in figure 4.7. Unlike the slides
depicting the air traffic control tower in figure 4.8, the man in the opera-
tions roomwas seated in the dark with no view of the runway and taxi ar-
eas. Therefore, the scene probably represents ground operations, which
coordinated the servicing of arriving and departing planes. Servicing in-
cluded “loading and unloading passengers and baggage, ensuring that
connecting baggage from an incoming plane [was] moved to the appro-
priate outgoing plane, [and] replenishing the plane’s store of food and
fuel.” Personnel in the ground operations room needed to communicate
with co-workers in other locations, for instance via telephone (see figure
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4.7).95
The man in figure 4.7 might be a flight tracker who kept track of arriv-

ing and departing flights by mapping the gate to a flight number. The pa-
per slips on his desk are then likely records of scheduled arrivals and de-
partures with associated flight numbers. Flight Trackers communicated
“with pilots on the ground via a radio, and clear[ed] their arrival at desig-
nated gates.” Work in ground operations involves multiple technologies
such as forms, computer terminals, telephones, and so on. Computer ter-
minals in ground operations provided “access to a network of databases
shared among the distributed sites of the airline’s operation.”96

Since the team in the operation room - and in the air traffic control
tower for that matter - needed to collaborate to ensure smooth arrival
and departure from the gates according to schedule, while at the same
time focusing on their own tasks, they needed to differentiate their at-
tention. Depending on whether information was relevant to them or not,
personnel would “disattend sights, sounds, and events that [drew] the
attention of their co-workers” while still picking up relevant information
from the sonic soup.97

Another set of client application slides showed the air traffic control
tower at Logan airport as seen in figure 4.8.

The higher speeds of jet airliners, coupled with their higher
frequency of airport arrivals and departures, unquestionably
increased the volume of air travel, and consequently, the bur-
den on air traffic controllers. […] en route air traffic continued
to be handled by an increasingly cumbersome radar system
that had to be updated manually during the progress of any
given flight. A controller’s radar screen might show several

95. Lucy Suchman, “Centers of Coordination: A Case and Some Themes,” in Discourse,
Tools and Reasoning: Essays on Situated Cognition, ed. Lauren B. Resnick et al., NATO ASI
Series (Berlin: Springer, 1997), 41–62, https://doi.org/10.1007/978-3-662-
03362-3_3.
96. Suchman, “Centers of Coordination.”
97. Suchman, “Centers of Coordination.”
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moving “blips,” each signifying a plane in flight.98

Air traffic control became necessary when “the skies were getting too
crowded” and aircraft collided in 1956, which led to the creation of the
Federal Aviation Agency in 1958, later the Federal Aviation Administra-
tion under the Department of Transportation in 1967. The agency set up
“a broad airtraffic control system, to maintain safe separation of all com-
mercial aircraft through all phases of flight.”99

Figure 4.8: Control Tower. S. Lang, photographs, ”PDP-11 at Logan Air-
port,” 1977, Client application slides.

98. Bilstein, Flight in America, 286.
99. History of Aviation - First Flights.
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In the top-left slide of figure 4.8 three men were standing behind ta-
bles filled with paper slips and control instruments in front of the win-
dows overlooking the runway. The first man in pale blue sweater was
holding a pen, looking down to slips of paper. The next man in yellow
pullover was gazing down at the desk and in the back a man in maroon
vest was in conversation via telephone. Behind the space where these
three men were standing was another circle of tables filled with equip-
ment. Binoculars were within reach for people in the outer and inner
circle on top of the inner desk. One man in checkered dress shirt sat
inside the semi-circle desk and gazed towards the CRT monitors hang-
ing suspended from the ceiling in front of the windows. He was wearing
a headset but did not seem to be conversing in this particular moment.
Two men were standing with their back towards the camera in the inner
circle, looking at a video monitor or outside.

In the next slide at the top-right of figure 4.8 the air traffic control
tower was photographed from a slightly elevated angle to show the view
outside from the air traffic control tower. The man in salmon-coloured
dress shirt was not visible in the previous slide and was gazing outside.
The man in maroon vest was adjusting paper slips on the console in front
of him, and the man in checkered dress shirt had moved from the inner
circle to a desk chair in the outer circle and was holding two paper slips
as well.

The bottom-left slide in figure 4.8 shows little change from the pre-
vious slide. The photographer had moved to the inner circle, showing
that the man in pale blue sweater from the top-right slide had moved to
a printer-terminal inside the semi-circular inner desk, where he was en-
gaged in a telephone conversation. The positions of the other three men
remained almost exactly the same, but the man in maroon vest was gaz-
ing down at the microphone for radio communication his colleague was
holding and the man in checkered dress shirt was looking up at a CRT
monitor. In the final bottom-right slide of figure 4.8 the man wearing a
blue sweater had moved his chair slightly to the right in front of a printer-
terminal where he was typing on a keyboard and producing a printout.
His colleague in maroon vest was roughly in the same spot talking into
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a headset and looking at gauges on the desk. The men in salmon and
checkered dress shirts had barely moved.100

Desks in the air traffic control tower were not assigned to a single per-
son. The job required colleagues to switch positions regularly to use dif-
ferent equipment depending on the task at hand. The altered direction
of their gaze from one slide to the next also suggests that people in the
control tower needed to monitor both the situation outside and the CRT
monitors, while simultaneously ordering paper slips of flight information.
With several men wearing headsets or holding telephones, the air traffic
control roommust have been buzzing with people talking.

The recession caused by the oil crisis in 1973 meant airlines carried
fewer passengers. Combined with fixed fares, high debts from purchas-
ing expensive wide-bodied jets, and the threat of hijackings by passen-
gers who wanted to travel to Cuba, airlines plummeted into ever greater
debt.101 Some of the larger aircraft was sold second-hand or converted
into cargoaircraft.102 AnotherBoeing747airplanewaspurchasedsecond-
hand by NASA and converted to carry the Space Shuttle.103 Before 1978,
the Civil Aeronautics Board determined routes and fixed fares.104 Fares
were based on distance instead of market demands and meals, seating
widths, and separations were almost standardised.105 After the Airline
Deregulation Act in 1978, airlines were suddenly free to compete.106 The
deregulation led to bargain fares and with another increase in fuel costs
by theendof the1970s, passenger traffic andaircraft sales declinedonce
more.107 In the peak year of 1979 with 317 million passengers and 5.9
billion freight ton-miles of cargo, revenues amounted to $27.2 billion, but
by 1981 airlines led a net operating loss of $421 million.108

100. S. Lang, photograph, ”PDP-11/70 at Logan Airport,” 1977, Client application slides.
101. Van Vleck, Empire of the Air, 273-276.
102. Bowman, Boeing 747, Chapter 10.
103. Bowman, Boeing 747, Chapter 11.
104. Brady, The American Aviation Experience, 223; Van Vleck, Empire of the Air, 283.
105. Davies, Airlines of the Jet Age, Chapter 20.
106. Brady, The American Aviation Experience, 223.
107. Bilstein, Flight in America, 285.
108. Bilstein, Flight in America, 286.

172



MINICOMPUTERS OPENING THE SKIES

In short, computers such as DEC’s PDP-11 were used in the commer-
cial aeronautics industry for designing and testing aircraft, and training
pilots. At the airport, the PDP-11 was used inside the ground-operations
control room and the air traffic control tower. Employees who gained
more direct access to minicomputers through terminals were still sepa-
rated from the cabinets of minicomputers in the computer room. Despite
increased accessibility, users pictured in the client application slides of
Boeingandat airlineswerehighly educatedengineers andpilots orworked
in testing and control rooms. Whereas at least two female NASA employ-
ees were shown for the spaceflight applications, not a single female em-
ployee was visible in Boeing’s application slides or in airport applications
pictured. Occupational segregation and working conditions also differed
for personnel in the computer industry. The next section discusses the
composition of four occupations at the PDP-11 manufacturer’s site.

4.3 The People Behind the Minicomputer
In previous chapters very little information about the personnel within
the computermanufacturer’s companywasavailable. For theDigital Equip-
ment Company however, the gender composition of occupations within
the company becomes clear from images of several departments. Im-
ages are available for the development teams of the PDP-11/35 and the
PDP-11/70. Furthermore, the group composition and working environ-
ment of the manufacturing and marketing departments were also pho-
tographed.

4.3.1 The Digital Equipment Corporation
When the first PDP models became increasingly popular, DEC restruc-
tured in 1964 creating product lines. A product line grouped Engineer-
ing, Programming, Marketing and Production departments.109 The prod-

109. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 6.
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uct linemanagerwas responsible for development and in charge of amar-
keting group and an engineering group. Each product line had a budget,
a plan, and a marketing plan. In addition to product lines, other depart-
ments were in charge of specific customer applications such as labora-
tory data processing, manufacturing and distribution, academic comput-
ing, etc. Software was often an afterthought and customers developed
and shared their ownprogramsvia theDigital EquipmentComputerUsers
Society (DECUS) program library. Only by themid-1970s did software de-
velopment become a serious and profitable part of the computer indus-
try.110

With internal competition reaching new heights between the PDP-8,
PDP-10, and PDP-11 product lines and redundant elements that could
have been shared, the product line structure was no longer feasible. In
February 1974, Gordon Bell advocated to create one Central Engineering
Department. Product lines shifted focus towards customer applications
and central engineering developed common lines of terminals, printers,
disks and other peripherals for each system increasing performance, out-
put, revenue and production space. Central Engineering established pro-
cedures, developed product plans and was held accountable. Projects
were also reviewed before resources were spent on developments, prod-
uct announcements, and manufacturing.111

4.3.2 Design and Development
Whereas the inventor’s legendary narrative for the IBM S/360 centered
around the original requirements from a management team, the inven-
tion myth of DEC’s PDP-11 focuses on building the minicomputer in a
short time frame with a small team. Steve Teicher remembered the pro-
cess of developing a low-end PDP-11 to compete with Data General’s
Nova at the request of Gordon Bell, head of engineering.112 Based on

110. Parker Pearson, Digital at Work, 84-86, 172.
111. Parker Pearson, Digital at Work, 89-90.
112. Stephen Norman Teicher (28 March 1944 - 5 July 2014) obtained a B.S. Degree in
electrical engineering from MIT in 1966 and started his career at DEC in 1969 where
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the user manual for the PDP-11 and the microprogramming technique a
paper mock up of the PDP-11/05 was designed and announced before
it was even built, a technique IBM also used for the S/360. Two months
later the PDP-11/05 needed to be displayed at a trade show. After strug-
gling with the printed circuit board they came across someone who sold
programmable read-only memory and received components one week
before the conference. Since electrical power was under maintenance at
MaynardMill over theweekend, the engineers got towork using a long ex-
tension cord. After someone unfortunately switched off the computer in
the middle of the process, it all came down to the night before. The per-
formance test took fifteen seconds and then the machine was shipped
to Las Vegas. By some miracle the machine functioned the entire week.
Manufacturing for the PDP-11/05wasmoved to Puerto Rico butwith only
a midnight prototype, the entire engineering crew was sent to the plant
to set up production within 90 days.113

Fromthehistorical overviewcreatedon theoccasionof the company’s
twentieth anniversary, a sense of nostalgia and corporate culture led to
a comparison of “New England’s traditional values: the work ethics, Yan-
kee ingenuity, care in craftsmanship and pride in good work” which DEC
sought to keep up and extend with “innovative and dynamic approaches
to the computer field.”114 Corporate culture and values expressed by ex-
ecutives but shared by DEC employees can be understood as sociotech-
nical imaginaries, a term coined by Sheila Jasanoff to denominate “col-
lectively imagined forms of social life and social order reflected in the de-
sign and fulfillment of specific scientific and/or technological projects.”
To some extent, imaginaries can express a shared understanding of good
and evil which is reflected in the company’s mantras.115 As a company

he held leadership roles until 1990.Obituary for Stephen N. Teicher, July 2014, http:
//www.decconnection.org/obits/Stephen%20N%20Teicher%20obituary%
20070514.pdf
113. Parker Pearson, Digital at Work, 75-76.
114. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, vii.
115. Sheila Jasanoff, “Future Imperfect: Science, Technology, and the Imaginations of
Modernity,” in Dreamscapes of Modernity: Sociotechnical Imaginaries and the Fabrication
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of mainly engineers the core values of DIGITAL were “do the right thing”
credited to Ken Olson and “he who proposes, does” a mantra of Gordon
Bell. Rather than a top-bottom hierarchy similar to IBM, DEC encouraged
ideas to move bottom-up into products. Engineers thus held responsibil-
ity and the freedom to propose and develop as well as manage projects.
The atmosphere was open and supportive to allow for a free exchange of
information and the freedom to propose, criticize, and review ideas. “Ev-
eryone was on a first name basis, there were no time clocks and dress
was informal and casual,” said Gordon Bell.116

DIGITAL managed to attract engineers form government labs and in-
stitutions such as the Xerox Palo-Alto Research Center (Xerox PARC) be-
cause they offered engineers the chance to actually bring products into
the market. The motivation and drive for engineers came from seeing
the results of their projects at customer sites, gaining respect from other
engineers, and receiving new projects. Aside form dinners, plaques, and
the occasional stock option, DECengineerswere not rewardedwith awin-
dowoffice or financial bonus. The ethic of doing the right thing resulted in
high-quality products and a focus on customers. At the start of the 1970s
systemswere configured for the individual customer and engineers often
visited customers to discuss requirements and design solutions. Newly
hired engineers were sent to customers, trade shows or DECUSmeetings
to get in touch with users. Being in direct contact with customers encour-
aged engineers to create realistic solutions to user requirements.117

The group responsible for designing and developing the PDP-11/35
consisted of around eighteen people, mostly white with the exception of
one man of colour as seen in figure 4.9. Only three female employees
worked on the design and development team. The team proudly posed
around the PDP they worked on. The computer took center stage in the
image and the photographer stood slightly higher looking down upon the
group placed left and right of the PDP-11/35. In the background empty

of Power, ed. Sheila Jasanoff and Sang-Hyun Kim (Chicago: University of Chicago Press,
2015), 4, https://doi.org/10.7208/chicago/9780226276663.003.0001.
116. Parker Pearson, Digital at Work, 76-77.
117. Parker Pearson, Digital at Work, 77-79, 107.
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Figure4.9: Photograph, ”PDP-11/35group shots,” 1975, Archival proofs.

DEC cabinets are visible through a large opening inside the factory wall
with desks placed facing the wall either side of the opening.118

The team that developed the PDP-11/70 was photographed in action.
Some photographs show two men in shirt and tie discussing in front of
equipment, while another man in a striped T-shirt was connecting cables
in the back of a PDP-11 cabinet. Another man was typing instructions
on a teletype. Several images show a man seated at a table drawing
with pencil on paper. Another scene portrays the team in a classroom
setting, one man instructing in front of a blackboard while others were
taking notes. Of the fourteen people in the room, only one employee of
colour is visible, but the quality of the image is too low to determine the
gender composition. Other photographs showmale employees fidgeting
with machinery, mostly by themselves.119

118. Photograph, ”PDP-11/35 group shots,” 1975, Still images, Archival proofs, 1963-
1975, Digital Equipment Corporation records, Lot X2675.2004, Box 743, Folder 209, Cat-
alog 102773342, Computer History Museum, Mountain View (hereafter cited as Archival
proofs).
119. Photograph, ”PDP-11/70 development team,” 1974, Archival proofs, Box 743,
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(a) office overview (b) group portrait

Figure 4.10: Photograph, ”PDP-11/70 development team,” 1974,
Archival proofs.

The rare office overview photograph as seen on the left of figure 4.10
shows that the team shared a large open office with desks placed next
to peripherals and PDP-11 cabinets alongside the back wall. Some col-
leagues sat behind the desk while others discussed next to the computer
cabinets. In a group shot of the PDP-11/70 development team six white
men are proudly posing next to the machine. In another picture shown
on the right of figure 4.10, nine other teammembers including one white
woman and one woman of colour who look like they are in their twenties
were sitting or standing next to the computer cabinet. In an image of a
meeting we see two other female employees, one Asian and one white
man discussing the paperwork in front of them. Three other white men
were engaged in conversation next to a pulled-out drawer from the com-
puter cabinet. The final sheet of images of this team includes several
photographs of a man attaching cables, two men individually bent over
papers at their desk, two men in conversation and two women smiling at

Folder 88, Catalog 102771208.
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the camera from behind their desk.120
As images of product groups show, not all engineers were male. In

fact, Barbera Stephenson was one of the first female engineers at DEC
and wrote the first logic handbook in the 1960s which served as an im-
portant promotional tool and textbook.121 Based on a rough count, the
PDP-11/70 team of about twenty-five people consisted of nineteen men
of which one looked Asian and six women of which one woman of colour.
In terms of gender composition the development teams consisted of be-
tween 6 and 24% female employees and very few employees of colour.
Another observation based on the images is that female employees all
looked relatively young whereas the age of male employees varied more.
Finally, in older PDP-11 team group shots of 1969 twelve white male em-
ployees are shownwearingwhite dress shirts, black trousers and a tie.122
Either this particular image was taken on a very formal occasion, or attire
styles changed between the end of the 1960s and the beginning of the
1970s from business suits to more casual outfits as mentioned by Gor-
don Bell earlier. Furthermore, the first PDP-11 team did not include a
single woman or person of colour. As later images show, the lack of di-
versity in the first PDP-11 team did not necessarily reflect a corporate
policy since DEC prided itself on its diversity as enthusiast historian and
Maynard resident David Mark discusses in his blog post on diversity at
DIGITAL. The company took action in the 1970s both by moving to loca-
tions where minorities made up the majority and by hiring a manager of
affirmative action and equal employment opportunity in 1974.123

120. Photograph, ”PDP-11/70 development team,” 1974, Archival proofs.
121. Barbera Stephensonworked at Digital between 1960 and 1966 as an Analog/Digital
Engineer. Parker Pearson, Digital at Work, 81, 198. For an image of Barbera Stephenson,
see Barbera Stephenson - CHM Revolution, accessed February 8, 2021, https://www.
computerhistory.org/revolution/minicomputers/11/335/1901. Parker
Pearson, Digital at Work, 80
122. Photograph, ”PDP-11 team group shots and portraits,” 1969, Archival proofs, Box
715, Folder 29, Catalog 102771208.
123. David Mark, Digital Equipment Corporation - Diversity, March 2020, http://www
.maynardlifeoutdoors.com/2020/03/digital- equipment- corporation-
diversity.html.
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4.3.3 Manufacturing
In themiddle of the 1960s, manufacturing still happened at the Maynard
Mill. Lu Klotz remembers that machines were built by a single person
and the process took around one week.124 Frommetal frame and power
supply, to memory modules which were tested using paper tape and pro-
cessor modules and options ordered by the customer, all components
were inserted, soldered and tested manually. During nights and week-
ends machines (and lasagna) were placed inside a wooden heat cham-
ber followed by diagnostic and mechanical tests. So long as machines
survived slapping and didn’t start smoking, they passed the test. When
machines were faulty as they often were, they needed to be debugged,
sometimes literally since the mill was full of spiders.125

Gloria Porrazzo started working in assembly in 1957 and soon be-
came Modules Assembly Group Manager. Jack Smith recalls that at first
mostly male engineers and technicians worked in assembly but missed
the dexterity.126 Soon manufacturing introduced women to the job, with
Gloria leading 300 female production workers.127

Porrazzo set company policies before such things as job de-
scriptions existed. She taught the company how to develop
work classifications, chose team leaders on the strength of
their ability to deal with people, hired minority workers, and
championed maternity leave by letting her people stay on the
payroll when they left to have babies.128

Gloria’s Girls as they were called, hand drilled holes in the printed cir-
cuit boards, bent wires of components attaching them to the board and

124. LuKlotz joinedDIGITAL in1966andbecameSeniorManufacturingEngineeringMan-
ager. Parker Pearson, Digital at Work, 196.
125. Parker Pearson, Digital at Work, 109, 111.
126. Jack Smith joined DIGITAL in 1958 and became Senior Vice President of Opera-
tions.Parker Pearson, Digital at Work, 198.
127. Parker Pearson, Digital at Work, 113.
128. Parker Pearson, Digital at Work, 113.
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passed them over molted solder.129

Since the beginning of the 1960s manufacturing was split into two
groups, the VolumeManufacturing group producingmodules and the Sys-
tems Manufacturing group, later called Final Assembly and Test (FA&T)
to put everything together. Peripherals Manufacturing was added in the
early 1970s. Based on Stan Olsen’s visit to a meat-packing plant, ma-
chines hung from hooks overhead and moved through stations in assem-
bly and testing. Other processes were also automated as a result of the
high production volumes of the successful PDP-8 in the mid-1960s.130

Despite automation in manufacturing bringing down costs and ramp-
ing up production, by 1970 theMill could not expand any further sowithin
five years eighteen new facilities were added. A decade later in 1980
30,000 people worked in manufacturing, spread over twenty-six plants.
DIGITAL preferred small blue-collar American towns and establishing a
people-oriented culture by choosing a local personnelmanager and plant
manager. Production plants were embedded into small towns to fit in
with existing communities and DIGITAL transferred its expertise, culture
and values by starting from existing teams.131

FA&T first moved to Westminster and then to Westfield, both close
by in Massachusetts. When European demand for the PDP-8 and PDP-
11 rose, the production plant in Galway, Ireland also focused on FA&T.
By 1973 Aguadilla in Puerto Rico and Kanata in Canada were also manu-
facturing PDP-11s. Puerto Rico was chosen for its “large and competent
labor pool, a compatible local culturewith a strongwork ethic, and signifi-
cant tax benefits for manufacturing investments.”132 To improve commu-
nication without long telephones and frequent travels to meetings, prod-
uct and process documentation was distributed, although a subtle lan-

129. For an image of the production line see DEC production line - CHM Revolution, ac-
cessed February 8, 2021, https://www.computerhistory.org/revolution/
minicomputers/11/335/1902, and Lott, What the DEC?. Parker Pearson, Digital at
Work, 113.
130. Parker Pearson, Digital at Work, 115.
131. Parker Pearson, Digital at Work, 112, 119.
132. Parker Pearson, Digital at Work, 119.
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guage barrier still caused issues, with most employees speaking Span-
ish.133

Before the introduction of the PDP-11 DIGITAL purchased core mem-
ory modules because of the labor intensive process. However, by the
1970s DIGITAL decided to produce memory internally. After purchasing
the memory business and headquarters of the Radio Company of Amer-
ica (RCA) in Marlboro, Massachusetts, DEC acquired the necessary tech-
nical expertise. They also took over the RCA Taiwan facility employing
400 female employees of between 15 and 25 years old with very good
eyesight, stringing cores. DIGITAL offered employees a higher wage and
housing in free dormitories with a cafeteria. A perceivable cultural differ-
ence was the commitment and quality Far Eastern facilities such as Tai-
wan and Hong Kong delivered, outpacing Volume Manufacturing in the
United States. When semiconductor technology became cheaper to buy
then make in 1978, the Hong Kong facility moved to module manufactur-
ing andTaiwan, renowned for televisionproduction retainedall personnel
to produce videomonitors. By1980Manufacturingwas split into six oper-
ating groups (systems, chips, memories, terminals and printers, storage
systems, and Far East operations).134

Although the images of manufacturing do not provide an overview of
the workplace, the first few images show a man at work using an oscillo-
scope to check the wiring of a machine sitting next to an exposed com-
puter cabinet. From another angle a set of three images shows the same
scene and setup with another man testing a circuit board using an oscil-
loscope as shown in figure 4.11 on the left.135 A final set of photographs
show a small room from birds perspective with a man seated at a Tele-
type placed in front of an oscilloscope that was switched off adjusting a
switch on the PDP-11 computer cabinet on his left, then turning to read
the manual on top of a table to his right (fig. 4.11 on the right).136

133. Parker Pearson, Digital at Work, 119-120.
134. Parker Pearson, Digital at Work, 127-130, 132.
135. Photograph, ”PDP-11 manufacturing,” 1970, Archival proofs, Box 717, Folder 19,
Catalog 102771234.
136. Photograph, ”PDP-11 manufacturing,” 1970, Archival proofs.

182



MINICOMPUTERS OPENING THE SKIES

Figure 4.11: Photograph, ”PDP-11 manufacturing,” 1970, Archival
proofs.

The scenes infigure4.11 illustrate verydifferentworkingenvironments.
On the one hand men were seated next to PDP-11s under construction
on a factory shop floor testing connections on circuit boards before insert-
ing them into minicomputer cabinets. On the other hand, a fully finished
PDP-11 was displayed inside a separate room in a seemingly staged set-
up where a man was following the procedure in a manual, perhaps for
a final round of testing. The second working environment in a carpeted
and sectioned off room was likely quieter, better lit, air conditioned, and
cleaner than the shop floor where noise was not absorbed by carpet but
bounced off walls and ceilings, dust spread further and where tempera-
tures were more difficult to regulate. However, the factory environment
did not show assembly lines where machines hung from hooks overhead.
The size of the minicomputer cabinets in the photographs instead sug-
gests that people moved around and machines remained in a fixed spot
until they were fully assembled.
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4.3.4 Marketing, Sales and Service
When DEC just started, the main challenge was finding customers who
knew how to use, program and maintain computers. Thus sales, ser-
vice, and training were interrelated. Physicists were early adopters of
lab modules and training equipment. Sales engineers developed custom
solutions for customers and focused on products rather than sales tech-
niques. A key element of DEC’s sales technique was Barbera Stephen-
son’s handbook to educate consumers and soon led to other paperback
handbooks to reach the engineering market. Scientists and engineers
required less service support and were considered “self-sufficient, chal-
lenging, and influential customers.”137

Since designers visited customers to assess their needs, customers
remained loyal to DEC in the long term. Customers chose the level of
field service and paid accordingly for field service engineers experienced
in installation, training, and repair. DEC valued support and feedback
from customers, learning about future needs and discovering common
user requirement for new products. The DECUS became an important
marketing and communication tool for the company as Bill Lennon from
the Lawrence Livermore Laboratory and an early customer stated.138 By
1964 around twenty sales persons were responsible for selling a number
of products but with the success of the PDP-8 minicomputer, sales be-
came a service to each product line and field servicewas considered both
a product line and a service.139 Sales officeswere set up across countries
and all sales and marketing was informed of developments in products,
markets, and product line policies via biweekly newsletters.140Much like
IBM’s extension beyond the borders of the United States, DEC had offices
beyond the 36 sales and service locations in the United States, and 5 lo-
cations in Canada. DEChad an office in Japan and four offices in Australia.

137. Parker Pearson, Digital at Work, 141-144.
138. Bill Lennon became DECUS president between 1977 and 1979. Parker Pearson,
Digital at Work, 196.
139. Parker Pearson, Digital at Work, 145-146, 148.
140. Parker Pearson, Digital at Work, 150.
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Europe’s headquarterswere located inSwitzerlandwith sales and service
points in Germany (2), England(3), and one office per country for France,
Benelux, Sweden and Italy.141 Unlike IBM’s sales force who were moti-
vatedby commissions, DEC’s salespeoplemostly receiveda fairwageand
career opportunities. By avoiding commission, DEC ensured that sales-
people had customer’s best interests at hart without personal motives.
“In both Sales and Service, customer satisfaction surveyswere a keymet-
ric in determining performance and compensation.”142

In July 1973 DEC overhauled its corporate marketing policy and in-
stead of focusing on product groups, marketing was now aimed at differ-
ent customer markets. Furthermore, software was no longer included in
the price for hardware, instead DEC followed the industry trend of soft-
ware licensing. Licensing meant a better return on investment.143 IBM
hadbeen thefirst computermanufacturer tounbundle softwareandhard-
ware in response to an anti-trust lawsuit, and many other manufacturers
had soon followed suit.144 Barry W. Boehm had predicted how the cost
of software compared to hardware would escalate in 1973 and by 1976
had added the cost of software maintenance as shown in figure 4.12.145

A PDP-11 Software Price List from 1972 included prices for system
software programs, diagnostic programs and software packages before
DEC started licencing software. While software packages cost between
$100 and $440, customers received a disk operating system (DOS) (at
a price of $3,000) and mathematical formula translating system (FOR-
TRAN) packages (at a price of $2,000) for free when they purchased the
required hardware. Other system software could cost asmuch as $5,000
(e.g. the Resource Time Sharing System (RSTS)) which translates to a
quarter of the price of a basic PDP-11 installation at around $20,000. Di-
agnostic programs were much cheaper with prices between $5 and $50

141. PDP-11 Handbook.
142. Parker Pearson, Digital at Work, 150-151.
143. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 36.
144. Yost,Making IT work, 144.
145. Barry W. Boehm, “Software Engineering,” IEEE Transactions on Computers C-25, no.
12 (1976): 1227, https://doi.org/10.1109/TC.1976.1674590.
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Figure 4.12: Hardware-software cost trends. Figure 1 from B.W. Boehm,
’Software Engineering,’ 1228.

a piece, or $154 for a DECTape diagnostic package. The price of docu-
mentation such as manuals was negligible at around $2 for single hand-
books.146 The PDP-11 System Software Components Catalogue from the
United Kingdom dated 1977 covered 151 pages as compared to only 61
pages for 1972, and had incorporated an alphabetic coding system for
prices which were added in a separate letter to make price changes eas-
ier to communicate. However, by thenmany packageswere licensed soft-
ware products which required customers to first purchase the necessary
system software and sign a license agreement before being able to order
individual software.147

With the success of thePDP-11 sales restructured itself basedonmar-
ket or industry rather than product.148 In line with the changed market-
ing strategy, customers were encouraged to purchase complete systems

146. PDP-11Software Price List (Maynard,MA: Digital Equipment Corporation, 1972), box
1441, 102751, Living Computers Museum+Labs, Seattle.
147. PDP-11 System Software Components Catalogue (Maynard, MA: Digital Equipment
Corporation, 1977), Centre for Computing History, Cambridge.
148. Parker Pearson, Digital at Work, 152.
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rather than a selection of components. These standard systems were
complete, ready-to-run and considered advantageous because optimal
configuration, of a faster delivery and a general better value for money.
For instance, by March 1974 a second standard system built around the
PDP-11/40 for labs was shipped for $37,500 or 20% cheaper than simi-
lar configurations before.149 From a one-person sales force, Ted Johnson
eventually led a sales force of around ten thousand men and women.150

Figure 4.13: Photograph, ”Candids of PDP-11 marketing personnel,”
1972, Archival proofs.

Images from themarketing department at DEC portray personnel dur-
ing ameeting or at their desk. The team of nine counted only onewoman,
but she lookedslightly older than the twenty-somethings fromother teams.
She leaned back, smiling, with her arms and legs crossed while other col-
leagues leaned forward with their hands on the table as seen in figure
4.13.151 Her posture reflects defensiveness whereas leaning forward in-

149. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 41-43.
150. Ted Johnson was Vice-President of Sales between 1958 and 1983.Parker Pearson,
Digital at Work, 139, 155.
151. Photograph, ”Candids of PDP-11 marketing personnel,” 1972, Archival proofs, Box
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dicates a more dominant stance. Most people at the meeting had papers
and a cup of coffee in front of them and one image shows an ashtray on
the table. Two images showmen seated at their deskwhile talking on the
phone and in one image another person was photographed from behind
holding a piece of paper and standing in front of a desk talking to a col-
league.152 Several men wore wedding bands, which I have not seen on
the hand of some of the few female employees.

The contrast with development and manufacturing is clear from the
clean office environment of the marketing department compared to the
messy open space clutteredwithmachine components in between desks.
Furthermore, the gender balance on themarketing teamcould be a scene
from the television show Mad Men. The television drama which ran from
2007 to 2015 is set in a fictional advertising agency in New York in the
1960s and depicts “the golden age for advertising before the turmoil of
Vietnam, civil rights, student protests, and feminism.” Both the adver-
tisements and the inner workings of the agency have been analysed for
its depiction of gender, race, ethnicity, sexuality, and class. What jumps
out from the series aside fromobvious and less explicit barriers towomen
in advertising, is the domination of “thewhite, heterosexual, male, Anglo-
Saxon Protestant,” with his claim to authority and status.153

Since engineers interacted often with customers, they were attuned
to user’s needs before developing a product line. However, by 1974 DEC
restructured to create a Central Engineering department to focus on hard-
ware compatible across product lines. Product lines in turn then focused
on customer applications. In the design and development stage, engi-
neers worked in small teams and announced the design before the proto-
type was built. The bottom up culture promoted free exchange of ideas
in an informal setting, but the introduction of central engineering did add

732, Folder 33, Catalog 102772487.
152. Photograph, ”Candids of PDP-11 marketing personnel,” 1972, Archival proofs, Box
732, Folder 33, Catalog 102772487.
153. William M. O’Barr, “Mad Men: Gender, Race, Ethnicity, Sexuality, and Class,” Adver-
tising & Society Review 11, no. 4 (2011), https://doi.org/10.1353/asr.2011.
0004.

188

https://doi.org/10.1353/asr.2011.0004
https://doi.org/10.1353/asr.2011.0004


MINICOMPUTERS OPENING THE SKIES

a level of management to prevent duplicating efforts. The development
teams worked in the factory hall where desks were scattered between
equipment in a noisy open space. In some scenes engineers were draw-
ing with pen and paper or moved to a classroom setting, perhaps to pitch
ideas or discuss the design. In a final stage they worked hands-on to
build prototypes. Engineers were certainly not all male, but the propor-
tion of female engineers amounted to maximum one quarter of the work-
force and very fewpeople of colourwere visible in the group photographs.
Manufacturing changed froma single person responsible for developing a
machine from scratch to assembly lines. Furthermore, whereas male en-
gineers and technicians were predominant in manufacturing at the start,
women were soon employed for manufacturing small components. New
plants were built in blue collar communities both inside and outside of
the United States. However, the images of DEC personnel only showed
men in manufacturing. Marketing also changed in July 1973 when shift-
ing from promoting products to appealing to customer markets and sell-
ing complete systems. As discussed, marketing in the 1970s was still
dominated by white men.

In the next section, the PDP-11 interface, software, and peripherals
are discussed inmore detail to better understand the experience of users.
Furthermore, descriptionsof computer occupations from theOccupational
Outlook Handbook in 1976 link certain parts of the system to users, their
educational background, and remuneration, combined with the composi-
tion of the workforce.154

4.4 What the Programmable Data Proces-
sor looked like

In 1969 the PDP-11 came in two models, both with the same proces-
sor. However, the 11/10 combined 1,024 words read-only memory with
256 words of read-write memory, whereas the 11/20 had 4,096 words

154. Occupational Outlook Handbook.
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of read-write memory, all 16-bit. The PDP-11/20 also included a pro-
grammer’s console, and an ASR-11 Teletype which served as a user in-
terface. Further expanding on the notion of a systemwith compatible I/O
devices the PDP-11’s modular building blocks allowed customers to con-
figure and expand their computer installations. Systems were composed
of basic building blocks, called System Units, which were completely in-
dependent subsystems connected only by pluggable Unibus and power
connections.155 Much like IBM’s S/360, the PDP-11 sought to keep cus-
tomers tied to the company not just for servicing and training, but most
of all to continue selling equipment to further expand existing computer
installations.

The fairly common yet currently highly questionable computer termi-
nology ofmaster-slave relation explained how a single device - called the
master - controlled the Unibus at any given time.156 The other device con-
nected to the Unibus in turn was called a slave. Another key concept that
returned frequently in relation to computing during the 1960s and 1970s
is the notion of control. As Unibus connections were bidirectional, data
could be transferred from master to slave (out) or from slave to master
(in).157

RonEglash’s essayexamined theBrokenMetaphor of themaster-slave
analogy tracing the earliest usage of the terminology in computing back
to the Darthmouth Timesharing system of 1964where themetaphor was
“inspired by an innovative control relationship between two autonomous
devices.” Although the terminology resonates with enslaved Africans of
the nineteenth century which caused controversy at the beginning of the
millennium, the terms appearedmuch later in patents and Eglash argues
convincingly that patent holders were not inspired by this particular type
of slavery. However, the terminology is often inaccurate because there is
no control relationship but rather an order (first-second) between what
is incorrectly called the master and the slave. An interesting suggestion

155. PDP-11 Handbook, 1-2.
156. PDP-11 Handbook, 59.
157. PDP-11 Handbook, 62.
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Eglash makes with regards to the introduction of master-slave terminol-
ogy for computing in the1960sare changes inmanagement that “allowed
a greater split between skilled and unskilled labor.” Regardless of accu-
racy, the metaphor to this day risks alienating minorities in computing,
and remains problematic especially when it is inaccurate.158

A PDP-11/20 provided space for user-designated options. Options in-
cluded a combination of 8,192 words of additional core memory, a Tele-
type control, and a High-Speed Paper Tape Control, or 4,096 words of
corememory and six Teletype interfaces.159 DEC thus envisioned installa-
tions for customers where only one person interacted with the computer
yet in need of more memory, or customers who preferred six people able
to interact while sacrificing core memory space.

In reality a combination of PDP-11 processors and other peripherals
looks like a tall chest of drawers where each drawer contains building
blocks that are connected in the back.160 The PDP-11 came in either a
tabletop or rack-mounted configuration in a DEC or customer cabinet (fig-
ure 4.14).161 Both configurations had a83⁄4 ′′ or 22 cmhigh front panel but
the table top version was slightly deeper and wider in comparison to the
rack-mounted PDP-11 at 258⁄5 ′′ x 22 ′′ (65 cm x 51 cm) compared to 23 ′′

x 19 ′′ (58 cm x 48 cm) for the rack drawer.162
Both the tabletop and the rack-mounted PDP-11 could be extended

with an additional mounting box.163Mounting boxes were built from zinc-
plated steel to resist corrosion and used fans to cool the machines. The
insulated top cover kept dust at bay and the foam-linedbottomcovermin-
imized vibrations and insured further cooling.164 DEC also offered a cabi-

158. Ron Eglash, “Broken Metaphor: The Master-Slave Analogy in Technical Literature,”
Technology and Culture 48, no. 2 (2007): 360–369, http://www.jstor.org/stable/
40061475.
159. PDP-11 Handbook, 77.
160. PDP-11 Handbook, 2.
161. PDP-11/20/15/R20Handbook (Maynard,MA: Digital Equipment Corporation, 1971),
127, 129, box 1766, 102180, Living Computers Museum+Labs, Seattle.
162. PDP-11 Handbook, 78-79.
163. PDP-11 Handbook, 80.
164. PDP-11 Peripherals Handbook, 4-19.
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(a) Table Top PDP-11 (b) Rack Mountable PDP-11

Figure 4.14: PDP-11 Dimensions, PDP-11/20/15/R/20 Handbook, 1971,
127, 129.

net that could fit up to six PDP drawers.165 The standard PDP-11 cabinet
measured 72 ′′ x 21 ′′ x 30 ′′ (182 cm x 53 cm x 51 cm). All equipment
inside the cabinet was connected to cabinet outlets and a power switch
meaning all equipment could be turned on or off simultaneously. Power
supplies and sliding drawer(s) were not included, and the weight of the
equipment varied between 120 lb. (54 kg) and 470 lb. (213 kg).166

Whereas IBM’s S/360 processors were often located either below or
next to the desk with a keyboard or other user interface built in, the pro-
grammer’s desk for the PDP-11 was an optional feature. This program-
mer’s table fit into the furniture vocabulary and could be attached to the
cabinet directly below the programmer’s console. Much like some of the
IBM S/360 installations, this resulted in a desk attached to the minicom-
puter. The Teletype needed to be placed within 8 feet (2.43 meter) from
the computer due to its cable length and was about 221⁄2 ′′ (57 cm) wide
and 181⁄2 ′′ (47 cm) deep.167

TheOccupational Outlook Handbook distinguished between three cat-

165. PDP-11 Handbook, 80.
166. PDP-11 Peripherals Handbook, 4-186.
167. PDP-11 Handbook, 81.

192



MINICOMPUTERS OPENING THE SKIES

egories of occupations related to computers: operators, programmers,
and system analysts. While all relied on technical knowledge and skills,
as well as the ability to concentrate on detailed work, operators needed
manual dexterity and mechanical aptitude, whereas programmers and
analystswere expected to solve problemsby thinking logically. The hand-
book thus already opposed manual and intellectual labor, which is rele-
vant when compared to the gender composition of each occupation. Un-
like the descriptions of occupations in air transportation, the handbook
explicitly states the gender composition for each computer occupation
and the accompanying educational requirements and remuneration.168

As with the IBM S/360, the PDP-11 only functioned properly under
specific environmental requirements. The PDP-11 could cope with tem-
peratures between 10°C and 50°C and a relative humidity of from 20%
to 95% (without condensation).169 Despite the fact that the PDP-11 func-
tioned in fairly high temperatures on paper, several complaints arrived
fromJapanstating that themachinedidnot copewith temperatures there.170
DECpersonnel installed themachines for customers andoffered “instruc-
tion courses on computer operation, programming, andmaintenance” for
customer’s personnel. Courses took place in Maynard, Massachusetts,
Palo Alto, California, and Reading, England.171

4.4.1 The User Interface
For customers using the Paper Tape Software system source programs
could be typed on the teleprinter and edited by reading, printing, and
punching out parts of the program on paper tape, as well as searching,
deleting, or adding text to the program. Furthermore, a user could de-

168. Occupational Outlook Handbook, 104.
169. PDP-11 Handbook, 82.
170. Steve Teicher, memorandum, ”Problemswith 11/05s in Japan,” 6th February 1974,
Executive’s papers, Ken Olson papers, Product design and production, 1967-1979,
Digital Equipment Corporation records, Lot X2675.2004, Box 14, Folder 27, Catalog
102737447, Computer History Museum, Mountain View.
171. PDP-11 Handbook, 83.
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bug “his binary programs at the console by running them in specific seg-
ments and checking for expected results at various points.”172 Although
the referencemanual rarely uses gender-specific pronouns, the program-
mers default to male in this particular case.173 In 1974 the Bureau of La-
bor Statistics counted about 200,000 programmers, with around 75% of
themmale.174

Operators could also interact with the system using the front panel
console through switches and keys tomanually insert or modify both pro-
grams and information shown through indicator lights.175 The Occupa-
tional Outlook Handbook distinguishes between operators based on their
interaction with either the minicomputer itself, or peripherals. The peo-
ple inserting programs and setting up the console to run themwere called
console operators.176

Figure 4.15: PDP-11 Console, PDP-11 Handbook, 1969, 87.

Lights indicated specificmachine functions, operations, or states such
as fetching or executing an instruction. Furthermore, indicators display
whether the processor is running, obtaining source or destination data

172. PDP-11 Handbook, 85.
173. PDP-11 Handbook, 87.
174. .
175. PDP-11 Handbook, 87.
176. Occupational Outlook Handbook, 104-106.
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and the matching address of the central processor. Register displays
show an 18-bit address or the location, and 16-bit of data. Switches of
the switch register can reference byte addresses with up equalling 1 and
down referencing 0. Operators could thus form an address using eigh-
teen switches to load it into memory using the correct control switch.177

Aside from transferring the contents of the 18-bit switch register or
depositing the low16bits into the bus address register, the PDP-11 could
display the content of the bus address. Other controls could enable, halt,
continue or start programs. An operator could correct data in the data
register and programmers could start a program by setting the correct
address in the switch register.178

Console operators examinedprogrammer’s instructions, loadedcards
or tapewith data and programs, started the computer andwatchedwhile
it was running to detect any errors. Console operators could advance to
supervisory positions or become programmers and the introduction of
terminals meant more job openings for console operators. They earned
slightly more than average with salaries of between $140 and $160 for
beginners and up to $250 per week for lead console operators. They
worked in air conditions computer rooms in anoisy environment andwere
expected towork evening and night shifts becausemany computer instal-
lations ran for 24 hours per day.179

4.4.2 Software
The DECUS fulfilled an important need starting in 1961 with a program
library of programs written by users, openly exchanging information be-
tween the users and the manufacturer.180 Besides the Paper Tape Soft-
ware system other operating system software supported “small stand-
alone configurations, disk based real-timeandprogramdevelopment sys-
tems, and large scale multiprogramming and time-sharing system.” In

177. PDP-11 Handbook, 87-88.
178. PDP-11 Handbook, 88-90.
179. Occupational Outlook Handbook, 104-106.
180. Parker Pearson, Digital at Work, 20.
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parallel to the different hardware configurations aimed at different types
of users, the software possibilities thus further differentiated between
PDP-11s. Some installations were meant for specific single use, other
minicomputers were used to develop programs and aimed at customers
who employed programmers, or systems meant for real-time interaction
by several users. Programmers at computermanufacturing firms such as
DEC were called systems programmers and they generally earned more
than other types of programmers. When customers employed program-
mers to develop dedicated software for their PDP-11 installation, a pro-
gram analystmight first examine the problem at hand, whereas the appli-
cations programmer then writes detailed instructions in a programming
language before debugging the program and writing an instruction sheet
for the console operator. Programmers generally earned twice the av-
erage salary compared to non-supervisory workers in the private sector
beginning at salaries of between $170 and $240 a week, or up to $360 a
week for lead programmers.181

For instance, the Cassette Programming System could be used on a
monitor.182 Together with the Real Time Single User System which came
in both DECtape or DECpack disks, the Cassette Programming System
also supported the BASIC program language. The next two disk-based
software systems on the other hand supported FORTRAN IV. The Disk
Based Batch Operating System featured interactive or BATCH mode of
operation, file handling and protection, and a powerful and flexible com-
mand language. In addition to the contents of previous software systems,
the DOS contained a librarian and file utility program. The advanced Real
Time Operating System could execute multiple real-time tasks using a
taskbuilder. Finally, theRSTS/E implemented “BASIC-PLUS”andallowed
up to thirty-two users to simultaneously use interactive terminals offer-
ing complete file security.183

“The Interactive Application System (IAS) provides users multi func-

181. Occupational Outlook Handbook, 106-108.
182. PDP-11 Peripherals Handbook, 1-3, 1-4.
183. PDP-11 Peripherals Handbook, 1-4.
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tion (time-sharing/batch/real-time) andmulti-language (FORTRAN/BASIC/
COBOL/MACRO) capabilities. The systememphasizesprotectionandease
of use for the non-technical user.”184 Moreover, several software pack-
ageswere developed for different PDP-11 applications such as communi-
cations, laboratories and industrial applications.185Otherpackagesaimed
at education or publishing.186 Programmers were usually employed by
large firms that could afford extensive computer systems.187

System analysts on the other hand specialized in either business, sci-
entific, or engineering applications anddiscussdataprocessingproblems
with managers and specialists to determine the data that needs to be
recorded, which equipment can be used for processing, and develop pro-
cedures for extracting information. In 1974 theBureauof Labor Statistics
counted around 115,000 system analysts, but only “10 percent of them
women.” System analysts and programmers in the North andWest of the
United States were better paid than in the South. Overall, system ana-
lysts earned more than computer operators and programmers beginning
at $230 a week, up to $360 per week for lead system analysts.188

4.4.3 Peripherals
The PDP-11 system offered several peripherals which were grouped into
input and output equipment based on the medium used. Operating per-
sonnel often specialised in certain peripherals. Keypunch operators only
produced paper cards or tape, whereas the occupation of data typists
emerged because of the introduction ofmediums such asmagnetic tapes
and disks for computers. Some operators were responsible for convert-
ing information fromonemedium to another. Card-to-tape converters for
instance would wire plugboards to connect circuits, load the machines

184. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 52.
185. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 24.
186. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 25-26.
187. Occupational Outlook Handbook, 107.
188. Occupational Outlook Handbook, 104, 109.
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with cards and tapes, and notice and resolve any malfunctions.189 The
Teletype and High Speed Reader-Punch used paper tape both for input
and output. Punch cards only served as an input medium for the card
reader, whereas threemodels of printers provided output. Three devices
usedmagnetic tape for both input and output. Finally, two CRT terminals
were classified as output.190

Strangely, the peripherals handbook treated different types of mem-
ory as a category of peripherals although it was an “electrically integral
part of the computer system.”191 Semiconductor memory was only avail-
able for the PDP-11/45 but other core and read-only memory (ROM) was
available for all PDP-11 computers. Next, the handbook listed character-
istics and applications for each category of peripherals. DEC considered
terminals the most convenient human interface to the computer using a
typewriter-like keyboard for data entry and showing output either via a
printer or display. Terminals could be attached to the machine but also
functioned remotely.192

Both paper tape and cards received praise for being readable by a
person. Although few people nowadays would be able to read punch
cards or tape unless characters were printed as well as punched, paper
tape could hold individual programs of variable length on separate tapes.
Cardswere considered the idealmedium for individual records and could
easily be added, deleted, or rearranged. Hard copies from printers were
useful for keeping a permanent record or making copies, but some could
also produce plots.193 Magnetic tape was ideal for unlimited off-line stor-
age and could be removed easily. Disks on the other hand provided fast
access to online storage allowing programmers to swap programs. De-
pending on the type of head disk storage either offered fast access (fixed
head) or a cheaper and higher storage capacity (moving head). As with
tape, disk packs could be removed for unlimitedoff-line storage. Displays

189. Occupational Outlook Handbook, 104.
190. PDP-11 Peripherals Handbook, 3-1.
191. PDP-11 Peripherals Handbook, 3-1.
192. PDP-11 Peripherals Handbook, 3-2, 3-3.
193. PDP-11 Peripherals Handbook, 3-3.
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only began to gain serious popularity with the introduction of micro- and
personal computers, however DEC also listed several advantages for this
type of peripheral. Displayswere a “pleasing human interface” that could
represent both alphanumeric and graphic information quickly.194

Punched Cards and Paper Tape

In 1974 the Bureau of Labor Statistics counted around 500,000 com-
puter operators. However, “women heldmore than 90 percent of the key-
punching jobs and nearly 45 percent of the console and auxiliary equip-
ment jobs.” Keypunchers needed a high school degree and employers
often preferred applicants with a college degree, who had trained as typ-
ists. Keypunchers and data typists had to pass aptitute tests to check
their speed and accuracy. This repetitive taskwas often performed under
close supervision and the opportunities for advancement were limited,
their wagewas also slightly less than average at between $105 and $120
per week. Furthermore, the introduction of terminals and other storage
mediameant keypunchoccupationswould disappearwithin a decade.195
The keyboard with its rattling noise and the reader sounding like inflating
and deflating lungs meant keypunch operators worked in a noisy envi-
ronment. Furthermore, the repetitive task in a fixed seated position was
strenuous.

Theperipherals handbookbriefly described fourmachinesusingpunched
cards or paper tape. The High Speed Punched Card Reader processed up
to 1.200 cards per minute using the Electronic Industries Alliance (EIA)
standard 80-column card. Cards moved through the reader by a combi-
nation of vacuum pickers and riffle air. During reading, each column was
loaded intomemory as either a word or a byte.196 Two other card readers
functioned similarly to the previousmachine but at different speeds. The
Card Reader read 300 cards per minute and the Mark Sense Card Reader

194. PDP-11 Peripherals Handbook, 3-4.
195. Occupational Outlook Handbook, 104-105.
196. PDP-11 Peripherals Handbook, 4-24.
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handled 285 cards per minute.197 The readers measured 11 ′′ x 19 ′′ 14 ′′

(28 cm x 48 cm x 36 cm), and weighed 60 lb. or 27 kg.198
The High Speed Paper Tape Reader/Punch in figure 4.16 could read

eight-hole unoiled perforated paper tape at 300 characters per second,
and punched tape at fifty characters per second.199 Paper tape could be
inserted into themachine by lifting the cover, inserting tape into the right-
hand bin with the beginning of the tape toward the rear of the bin. After
running the blank tape through the reader several times, the tape needed
to be placed over the reader headwith feed holes placed over the teeth of
the sprocket wheel. After closing the cover again, the reader feed would
place the leader tape over the reader head.200

Figure 4.16: High Speed Paper Tape Reader/Punch, PDP-11 Peripherals
Handbook, 1973, 4-252.

Terminals
In most cases the PDP-11 was connected to one or several Teletype Ter-
minals which symbolizes the continuing link with the punch era as shown

197. PDP-11 Peripherals Handbook, 4-37.
198. PDP-11 Peripherals Handbook, 4-44.
199. PDP-11 Peripherals Handbook, 4-252.
200. PDP-11 Peripherals Handbook, 4-253.
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Figure 4.17: ASR-33 Teletype Console, PDP-11 Peripherals Handbook,
1973, 4-233.

in figure 4.17. This multi functional I/O device consisted of a printer,
keyboard, paper tape reader, and paper tape punch. Information was
printed, punched or read at a speed of ten characters per second.201
The Teletype keyboard is similar to a typewriter keyboard with a few ad-
ditional control keys. To insert paper tape into the reader, the control
needed to be set to free after lifting the cover and the tapewas positioned
over the read pens similar to the previouslymentioned paper tape reader.
After closing the cover the tape was read by pressing START.202

Another terminal that connected to the PDP-11 was the fast, reliable,
and low cost DECwriter. Printing at thirty characters per second data was
entered on a keyboard and produced an original and a copy on a stan-
dard continuous form. Explicitly tailoring the terminal to an office en-
vironment, the handbook emphasised that the terminal generated less
noise than an electric typewriter. Furthermore, the low price made the
terminal particularly appropriate for systems requiring large numbers of

201. PDP-11 Peripherals Handbook, 4-233.
202. PDP-11 Peripherals Handbook, 4-234, 4-235.
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highly reliable printer/terminals.203

Printers

The peripherals handbook from 1973 listed three types of printers which
came in different models and were operated by high-speed printer oper-
ators.204 The first on the list is a High-Speed Line Printer in figure 4.18
Up to six copies could be printed simultaneously and fan-fold paper var-
ied between 4 ′′ and 19 ′′ (10 cm - 48 cm) width.205When the printer was
offline - and thus disconnected from the PDP-11 - the operator could roll
up the form to the top of the next page or move the paper by a single line.
On-line evidently does not refer to an internet connection but rather to
the connection between the printer and the computer.206 Printing speed
varied between 170 and 1200 lines perminute.207 Sizes ranged between
46 ′′ x 24 ′′ x 22 ′′ (117 cm x 61 cm x 56 cm) and 48 ′′ x 49 ′′ x 36 ′′ (122 cm
x 125 cm x 91 cm) andweighed between 200 lb. and 800 lb. respectively
(91 kg - 363 kg).208

The second type of printer, the Electrostatic Printer/Plotter, printed
at 500 lines per minute or 122,880 dots per second for plots. Aside from
fan-fold paper, this printer also accepted roll paper for continuous plots
and printouts. Rather than moving to the next form or line, a control
switch allowed the operator to press paper advance as long as needed to
move the paper further.209 If there was no more paper left, a low paper
light turned on. The contrast could also be adjusted by turning the button
as far clockwise as necessary for a high contrast.210 The printer/plotter
was smaller than the line printer at 38 ′′ x 19 ′′ x 18 ′′ (97 cm x 48 cm x 46

203. PDP-11 Peripherals Handbook, 4-201.
204. Occupational Outlook Handbook, 104.
205. PDP-11 Peripherals Handbook, 4-208, 4-209.
206. PDP-11 Peripherals Handbook, 4-210.
207. PDP-11 Peripherals Handbook, 4-213.
208. PDP-11 Peripherals Handbook, 4-214.
209. PDP-11 Peripherals Handbook, 4-241.
210. PDP-11 Peripherals Handbook, 4-242.
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Figure 4.18: High-Speed Line Printer, PDP-11 Peripherals Handbook,
1973, 4-241.

cm) and lighter at 160 lb. (73 kg).211

Finally, two Line Printer models were “designed to print clear reports,
statements, and listings as required by most users.” This inexpensive,
medium-speed printer produced 165 characters per second or up to 60
lines per minute.212 Forms could only be 147⁄8 ′′ wide (38 cm) or smaller.
The operator could complete the form being printed before changing pa-
per. As for the second Printer/Plotter, the Line Printer also indicated
paper-handling malfunctions using the paper out indicator light.213 The
Line Printer measured 12 ′′ x 28 ′′ x 20 ′′ (31 cm x 71 cm x 51 cm) and
weighed 155 lb. (70 kg).214

211. PDP-11 Peripherals Handbook, 4-244.
212. PDP-11 Peripherals Handbook, 4-227.
213. PDP-11 Peripherals Handbook, 4-228.
214. PDP-11 Peripherals Handbook, 4-232.
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Memory

Although memory does not easily fit into the peripherals category since
memory can also be built into the computer, memory was a part of the
larger I/O group of devices. Aside from memory, information could also
be stored on tape or disks. The peripherals handbook mentions three
memory types: corememory, read-onlymemory (ROM)andsemi-conductor
memory.

Corememory “is a read-write, randomaccess, coincident currentmem-
ory,” andwas available in basic increments of 8,192words (8K). Themag-
netic core memory could be mounted within a CPU or a separate unit.215

ROM was much more limited than core memory and came in incre-
ments of 32 words with a total of 256 words of ROM as the maximum.
ROMs could be programmed by the user, or were pre-programmed for pe-
ripheral devices. Diodes in a 32 x 16 diodematrix could be selectively cut
out to form the desired data pattern where the presence of a diode rep-
resents 1 and absence represents 0. ROM was used for “non-erasable
recovery routines, or lowered program execution times for often-used
loops or subroutines.” ROMs were available for paper tape readers, a
card reader, disk or DECtape and cassette peripherals, as well as mass
storage.216

Finally the semiconductor memory was only available for the PDP-
11/45. Bipolar andmetal–oxide semiconductor (MOS)memories allowed
“faster computer processing, and [were] especially useful in storing often
used data and instructions.” Bipolar memory was faster, but MOS mem-
ory was smaller.217

Tape storage

The PDP-11 processors could attach to three types of tape storage: mag-
netic tape, tape cassettes, and DECtape. Given the large amounts of

215. PDP-11 Peripherals Handbook, 4-245.
216. PDP-11 Peripherals Handbook, 4-22.
217. PDP-11 Peripherals Handbook, 4-249.
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magnetic tape that were stored away when not in use, the Occupational
Outlook Handbookmentions a specialised function of tape librarian who
classified and catalogued the program development records and com-
puter operating instructions.218Magnetic tapewas praised by the periph-
erals manual as a high-performance, low cost system capable of writing,
reading, and storing large volumes of data and programs. Unlike IBM,
DEC proudly mentioned that the tape used an industry-compatible for-
mat, meaning tape could also be used with other computers. Depending
on the number of tracks, a single tape reel could hold between 180 mil-
lion (9-track) and 140 million (7-track) bits. Tape could move forward
or reverse, but it could only be read or written while moving forward.219
After inserting tape into the system, the load switch drew tape into the
buffer columns using a vacuum motor. As with any cassette player, the
tape could be forwarded, rewound or reversed.220

The Tape Cassette System, unlike themagnetic tape used proprietary
Digital EquipmentCorporationPhilips-Typecassettesdesigned to replace
paper tape. One tape cassette held a minimum of 92,000 bytes.221 The
final tape system used DECtape in a Dual-Unit, Bidirectional Magnetic-
Tape Transport System for Auxiliary Data Storage. The read-write head
recorded and read information on five channels of tape. However, unlike
the previous tape, the system stored information at fixed positions on
magnetic tape similar to magnetic disk or drum storage. The 10-track
read/write head scanned a timing track, a mark track, and three data
tracks either sidewith the second five tracks recording redundant charac-
ters to increase reliability. The mark track recorded the data format.222
For programmers to locate programs in the fixed address system they
could search for a specific address, meaning they needed to remember
where a programwas stored.223 If an operator or programmer needed to

218. Occupational Outlook Handbook, 104.
219. PDP-11 Peripherals Handbook, 4-322.
220. PDP-11 Peripherals Handbook, 4-324, 4-325.
221. PDP-11 Peripherals Handbook, 4-304, 4-305.
222. PDP-11 Peripherals Handbook, 4-309.
223. PDP-11 Peripherals Handbook, 4-310, 4-311.
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search for an address, they could select the desired address on a zero
to seven thumb-wheel switch.224 A single tape reel could hold 147,968
words (144K).225

Disk storage
The final storage medium available for the PDP-11 were disks. DEC of-
fered four options: a DECDisk, a fixed head disk, the DECPack Disk Car-
tridge and a Disk Pack system. A DECDisk stored 65,536 16-bit words for
a low-cost, random access, bulk storage system.226

The Fixed Head Disk system stored up to 262,144 17-bit words (16
data bits and 1 parity bit) and whereas the DECDisk control could run up
to four disks, the Fixed Head Disk Control handled up to eight disks. A to-
tal of 128fixed read/write heads could address each singlewordmeaning
that unlike most disks, there were no limits of fixed blocks or sectors for
reading or writing.227

Storing even more data, the DECPack Disk Cartridge could hold over
1.2 million words and the system expanded up to 9.6 million words per
Control (8 disks).228 This large volume, random-access data storage was
particularly useful if a large volumeof programs anddatawere developed
and maintained for one or more users. The protective case surrounding
the disks opened automatically inside the disk drive thus protecting the
disks from dust when taken out.229

Displays
Aside from terminals, DEC already provided some displays for the PDP-
11. The point plot display, storage display, alphanumerical terminal and
graphic display systemslowly introduced computer users to the interface

224. PDP-11 Peripherals Handbook, 4-312, 4-313.
225. PDP-11 Peripherals Handbook, 4-320.
226. PDP-11 Peripherals Handbook, 4-260, 4-261.
227. PDP-11 Peripherals Handbook, 4-272.
228. PDP-11 Peripherals Handbook, 4-282.
229. PDP-11 Peripherals Handbook, 4-283, 4-284.
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that became ubiquitous in later decades: the screen. The Point Plot Dis-
play used a 63⁄4 ′′ x 9 ′′ (17 cm x 23 cm) CRT display in a compact 19 ′′ (48
cm) package. The display used X and Y coordinates to generate point
plots.230 The Storage Display suggested by DEC was the Tektronix Model
611 Direct View Storage Tube with a resolution expressed in line pairs
(400 vertical and 300 horizontal).231

Figure 4.19: VT-05 Display, PDP-11 Peripherals Handbook, 1973, 4-348.

The Alphanumeric Display Terminal included a CRT display and self-
contained keyboard (figure 4.19). This terminal measured 12 ′′ x 19 ′′ x
30 ′′ (31 cm x 48 cm x 76 cm).232 The novelty of the display terminal was
emphasisedby the following comparison to a teletypewriter in the periph-
erals handbook. “[…] [Users could] compose, edit, and forwardmessages
to the computer; retrieve and update alphanumeric data contained in the
computer files; receive instructions and data from the processor; and per-
form on-line debugging.”233 Compared to typewriters, a display terminal
was faster, quieter, more compact, easier to maintain and more reliable.
To further reinforce its novelty, the handbook emphasised the design of
the display stating that “the distinctive flowing lines of the VT05 blend

230. PDP-11 Peripherals Handbook, 4-344.
231. PDP-11 Peripherals Handbook, 4-346.
232. PDP-11 Peripherals Handbook, 4-347, 4-351.
233. PDP-11 Peripherals Handbook, 4-347.
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well with any decor.”234 The handbook non-ironically explains how a cur-
sor works. “The cursor is a blinking underline showing where the next
character will be displayed on the CRT.With direct cursor addressing, the
cursormay be placed at any position on the screen by a computer instruc-
tion.”235 Furthermore, the display could also show a video recorded by a
connected camera and data from the computer simultaneously. Perhaps
inspired by themother of all demos by Douglas Engelbert on 9 December
1968 to demonstrate the computer mouse, the possibility of displaying
videos was considered useful in training, teaching, and testing applica-
tions as well as factory, warehouse and process control.236

The final display available for the PDP-11 was a Graphic Display Sys-
tem using a powerful general-purpose computer. It could display “either
alphanumeric information or graphic information such as drawings, dia-
grams, or patterns.” Furthermore this display also connected to a light
pen. The system was aimed especially at designers who were “free to
concentrate on layout while the system handles computation.”237 As a
stand-alone system, this Graphic Display System consisted of a central
processor, display processor, light pen, keyboard, communications inter-
face, memory, and bootstrap read-only memory. The computer could
also connect to other PDP-11peripherals. TheCRTmonitorwas the same
size as the Point Plot Display.238

Occupations related to computers were clearly segregated by gender,
with over 90% female keypunchers and only 10% of women working as
system analysts. Female dominated computer operating occupations of-
fered less opportunities for advancement, a lower than average wage,
and the repetitive job was highly supervised and considered as a form
of manual labor. Programmers and system analysts were predominantly

234. PDP-11 Peripherals Handbook, 4-347.
235. PDP-11 Peripherals Handbook, 4-347.
236. Doug Engelbart Institute, 1968 ”Mother of All Demos” with Doug Engelbart & Team
(1/3), 2017, https://www.youtube.com/watch?v=M5PgQS3ZBWA. PDP-11 Peripher-
als Handbook, 3-348
237. PDP-11 Peripherals Handbook, 4-179.
238. PDP-11 Peripherals Handbook, 4-180, 4-181.
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male, offered more independence, were better paid, and were consid-
ered intellectual labor thatwas further removed from the actualminicom-
puter interface in a more pleasant environment. The working conditions
of computer operators become more explicit from DEC’s requirements
for installation in the next section.

4.4.4 Installation
Despite the deceiving nameofminicomputer, customers needed to check
the route the equipment would travel between delivery and installation:

Check the size of doors, passageways, ramps, etc. for height,
width, and turning radius […]. Take into account the size of the
moving equipment and the shipping skid (woodenplatform for
moving) under the equipment cabinets. If an elevator is to be
used, DIGITAL should be notified of any size or gross weight
limitations.239

DEC customers needed to consider space, power, fire, and safety, the en-
vironment (air conditioning and/or humidifying equipment), and building
requirements very similar to IBM’s requirements. DIGITAL added three
more site considerations: efficient work-flow and easy observation of I/O
devices as well as sufficient storage space for supplies, and planning for
future system expansion.240 To ensure data protection DEC advised cus-
tomers to store duplicates in a fire-proof storage vault preferably away
from the computer site.241 Although standard PDP-11 systems were not
too heavy for most offices and industrial plants, raised floors were still
preferred for several reasons. By hiding cables underneath the floor, both
cables andpersonnelwereprotected as theydid not become tripping haz-
ards. A raised floorwould also lower the cost of future layout changes.242

239. PDP-11 Peripherals Handbook, 8-1.
240. PDP-11 Peripherals Handbook, 8-1, 8-2.
241. PDP-11 Peripherals Handbook, 8-2, 8-3.
242. PDP-11 Peripherals Handbook, 8-3.
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The handbook distinguishes between system reliability based on two
applications that illustrate diverging configured users. In the first case
mentioned, theairline reservation systemprovidesagoodexample,while
the second type of reliability is more important in the design stage of air-
craft.

A computerized telephone switching center might allow a to-
tal of only two hours of complete inoperativeness in twenty
years but might not consider computation errors or failure of
parts of the system as serious errors. An on-line laboratory
computer, on the other hand,may require complete error-free
operation for several hours, but allow substantial amounts of
scheduled down-time before and after the experiment.243

Paper and plastic media suffered from high humidity which caused
moisture absorption and affected line printer paper, cards, paper tape,
magnetic tape, etc; whereas dust could reduce the life span of tapes,
cause excessive head wear and early data errors in all moving magnetic
storage media such as drums and disks. Vibration impacted mechanical
parts but in severe cases could result in data errors. Even radar installa-
tionsor nearbybroadcasting stations could result in hardware logic errors
caused by high power radio frequency pulses.244

An interesting debate regarding the environmental impact of comput-
ingwas similarly relevant in the 1970swith the oil crisis of 1973 resulting
in a campaign to save energy. Perhaps as an indirect response or other-
wise influenced by this crisis, DEC launched a Power Management Sys-
tem to reduce costs for customers with high energy consumption. The
system was popular for “food processing, textiles, newspaper printing
and electrical equipment manufacturing” industries.245

Ideally, an air distribution system provided cool, well-filtered, humid-
ified air, with higher air pressure than surrounding areas to prevent dust

243. PDP-11 Peripherals Handbook, 8-3.
244. PDP-11 Peripherals Handbook, 8-3, 8-4.
245. Digital Equipment Corporation: Nineteen Fifty-Seven to the Present, 66.
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infiltration. A computer room with tall ceiling was preferred to allow 30
inches or 76 cm of clearance above cabinets for air cooling. Sudden air
temperature changes were detrimental to disks and drums but also for
paper tape, thus air conditioning needed to remain at a stable temper-
ature in the computer room. Obviously, DEC also warned customers to
avoid spilling liquids onequipment.246 Certainly, any computer user nowa-
days tries to prevent spilling coffee over a keyboard. Imagine using even
more expensive company equipment.

DEC urged customers to refrain from using carpet and metal floor-
ing or to otherwise minimize static electricity. To reduce noise from pe-
ripherals such as line printers and magnetic tape transports the manual
suggested an acoustically dampened ceiling.247 Furthermore, each cab-
inet or peripheral required an outlet.248 From these room requirements
to increase reliability, we can imagine the space where PDP-11s were in-
stalled. Computer operators would still work in separate, air conditioned,
noisy environments, much like users of the IBM S/360.

4.5 Advertising in the 1970s: From techni-
cal product leaflets to sexualized stew-
ardesses

In The Jet Sex, Vantoch briefly explains the transition of gender stereo-
types epitomized by the changing image of stewardesses between the
1950s and the 1970s. Stewardesses of the 1950s embodied the domes-
tic ideal of a wife in training but soon evolved to jet-setting career girls
by the late 1950s. The gender rebellion and sexual revolution in the late
1960s turned the stewardess into a sex symbol, fitting the advertising
trend of using images of sexualized women’s bodies to sell products.249

246. PDP-11 Peripherals Handbook, 8-4, 8-5.
247. PDP-11 Peripherals Handbook, 8-5, 8-6.
248. PDP-11 Peripherals Handbook, 8-10.
249. Vantoch, The Jet Sex, 3.

211



MINICOMPUTERS OPENING THE SKIES

During the 1960s, advertising in America had adopted the dominant
youth culture inwhich “youngpeople challenged the impersonality, empti-
ness, and overall conformity of middle-class consumer culture,” and in-
stead advocated sexual liberalization.250 Ironically, large corporations
adopted youth culture by producing increasingly sexualized advertising
campaigns. The introduction of the wide-bodied jet had transformed air
travel from an elite mode of travel to transportation for the masses. As
airlines needed to fill seats and sell tickets to middle-income travelers
such aswomen and young people, the iconic sexy stewardess epitomized
youth and fashion and was presented as a consumer dream for middle-
classwomen. A key change in uniform and advertisingwas themini dress
inspiredbyMaryQuantwhoalsopopularised themini skirt.251 Flight crew
uniforms were updated in true 1970s style “with formfitting minidresses
in vivid patterns, go-go boots, and plaid jackets in dazzling colors.”252

In Advertising the American Dream Roland Marchand concludes that
advertisements matured in the 1920s and 1930s by shifting focus from
the product to the consumer. The experience a product offered became
more important in advertising than the characteristics of the product it-
self.253 Stewardesses in airline advertisements appealed to the masses
as an icon of youth and fashion. Their lifestyle came to substitute the
experience of travel or the mere airline ticket as a central focal point of
advertisements. Computing advertisements did not yet reach this level of
abstraction in the 1970s and the product leaflet for DEC’s PDP-11/45 re-
mained thoroughly focused on the device and its characteristics.254 Two
key differences between the commercial airline industry and the com-
puter industry of the 1970s can explain why the product leaflet did not
advertise a lifestyle or experience. First, computers only became a mass

250. Vantoch, The Jet Sex, 157-158.
251. Vantoch, The Jet Sex, 158-168, 177.
252. Schuler,Widebody.
253. RolandMarchand, Advertising the American Dream:MakingWay for Modernity, 1920-
1940 (Berkeley: University of California Press, September 1985), xxi.
254. PDP-11/45, (Maynard, Massachusetts: Digital Equipment Corporation, 1972), The
PDP-11 Family - Brochures.
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Figure 4.20: United Airlines, advertisement, ”Improvements,” 1968. Per-
sonal collection of Vantoch, The Jet Sex, 179.

consumer product on par with air travel a decade later in the 1980s. Sec-
ond, airline advertisements targetedmass consumers, whereas the PDP-
11 was much more expensive and meant for technical expert users. The
sales andmarketing teamsatDIGITALmainly consisted of engineerswho
promoted products and later applications to other engineers, whereas
the airline industry spent large budgets on campaigns set up by advertis-
ing agencies.

In a folder addressed to Mr. Lemaistre from Micro Consultant in Sur-
rey in the United Kingdom, a digital representative provided some mar-
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ketingmaterials and price lists with a particular emphasis on an OEMDis-
count Agreement dated November 3, 1972.255One of the first brochures
printed on high quality paper promoted the PDP-11/45 which was an-
nounced in a newsletter from October 14, 1971, but became available
around June1972.256The introduction of the brochure highlights the PDP
computer family which illustrates that despite the name, a PDP was re-
ally a computer. Additionally, the family vocabulary matches with IBM’s
S/360 marketing strategy. Yet instead of focusing immediately on com-
patibility, DEC emphasized the choice of equipment tailored to every ap-
plication. The next few paragraphs detail the sophisticated design and
possibility to upgrade “without modifying programs or replacing periph-
erals.” Next, the introduction shifts attention to the “largest and most
powerful” processor’s features and finally lists peripherals and software
support.257

Figure 4.21: PDP-11/45, 1972, p.4-5, The PDP-11 Family - Brochures.

255. B. Fifield to D. LeMaistre, 3rd November 1972, PDP-11 Family - Brochures.
256. PDP-11/45, (Maynard, Massachusetts: Digital Equipment Corporation, 1972), The
PDP-11 Family - Brochures.
257. PDP-11/45, 1972, p.1, The PDP-11 Family - Brochures.
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The next two pages are mostly taken up by a photograph of the sys-
tem (fig. 4.21) in keeping with the red-white-black colour scheme of the
brochure. The console is visible in the middle of the cabinet on the left
with bright coloured switches in keepingwith the preferred colours of the
1970s. The DECWriter stands in the left corner, so that a data typist or
console operator could interact with the PDP-11/45 using the keyboard
or switches on themain console. The installation pictured shows a closed
and opened disk reader as the central focus point of the image. On the
page titled the PDP-11/45 at a glance the product leaflet listed key selling
points: power, speed, floating point precision, software, sophistication,
flexibility, and reliability. This list of technical specifications is accompa-
nied by an image of modules on a printed circuit board with the console
interface of the PDP-11/45 and its indicator lights and row of switches
in the background, further emphasising the inner workings of the device.
The text on hardware and in particular the powerful instruction set and
fast general registers was accompanied by keywords printed next to the
paragraph for clarity.258 The explanation of three processor modes illus-
trates different levels of access: “The three modes allow user programs
(user mode) to be separated from monitor functions (supervisor mode)
which, in turn, are isolated from kernel mode functions which are global
to all system monitors.”259The distinction between user and supervisor
mode reflects the occupational differences between data typists or pro-
grammers who were mainly concerned with entering the relevant data
and programs, and console operators who accessed the system more di-
rectly and supervised its functioning.

The hardware section continues with paragraphs on hardware stacks
for fast data handling and the fast, accurate floating point processor. In
an accompanying image (see figure 4.22) pictured next to this section a
male operator or programmer is typing and studying the VDU with the
processor cabinet visible in the background. To preserve a gender bal-
ance, the photograph on the next page shows a side view of a woman

258. PDP-11/45, 1972, p. 2-7, The PDP-11 Family - Brochures.
259. PDP-11/45, 1972, p.6-7, The PDP-11 Family - Brochures.
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Figure 4.22: PDP-11/45, 1972, p.9, The PDP-11 Family - Brochures.

holding a pen and staring down at a piece of paper, with the video display
terminal in focus where the text on the CRT monitor reads “VT05 inter-
active CRT terminal designed for use with all PDP computers from digital
equipment.” The paragraph next to the image however is not related to
video display terminals but rather discusses memory and the user is gen-
dered male in the text. The access modes in combination with memory
segmentation “give the user wide flexibility, yet assure that he cannot
destroy other user programs or system monitors.”260

The flexible configurations advertised next accommodate both “the
systemdesigner and the systemsprogrammer” allowing themtoadd“new
peripherals and additional memory.” Two diagrams show a single or a
dual processor configuration with schematic connections between sys-
tem components and the Unibus, thus remaining product centered and
technical. The illustration on the right shows teletype terminals lined up
against the right wall with one person holding a piece of paper in the fore-
ground seated next to a man looking down upon printed output and a

260. PDP-11/45, 1972, p.8-11, The PDP-11 Family - Brochures.
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younger woman typing on the middle teletype (fig. 4.23).

Figure 4.23: PDP-11/45, 1972, p.13, The PDP-11 Family - Brochures.

The hardware discussion continues on page fourteen with sections ti-
tled powerful hardware and software interrupt structure, and automatic
power fail and restart. The tone of the text is rather technical and centers
on the processor and its functioning rather than applications or the user
perspective. Perhaps to appeal to the OEM customer, the photograph il-
lustrating these two pages shows large manufacturing equipment inside
an industrial looking complex with a big ventilation tube overhead.261

The software section only starts on page sixteen of the brochure with
a description of PDP-11 DOS for efficient program development and op-
eration.262 The file security procedure explained under section 4.4.2 is
explained as follows: “By requiring the user to specify programmer and
group number as well as the program name, access can be restricted to
authorized personnel.”263 If users left their numbers laying around or

261. PDP-11/45, 1972, p.12-15, The PDP-11 Family - Brochures.
262. PDP-11/45, 1972, p.16-17, The PDP-11 Family - Brochures.
263. PDP-11/45, 1972, p.16-17, The PDP-11 Family - Brochures.
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could not remember the name of their program, file security diminished.
The first softwarementioned is Resource Time Sharing System (RSTS) - a
16-users basic-plus time-sharing system. With this system access is sim-
ilar to current logins since “each user is issued a password which he uses
in ‘logging onto’ the system.” Although earlier photographs illustrating
the brochure were clearly well staged, the people photographed in figure
4.24 seemed to be posing less. This photograph showed two women in
full length with the first woman seated at a terminal and another woman
changing a tape drive in the background. Both were wearing miniskirts
but with their faces turned away from the spectator and engaged in work,
the image does not sexualize them as the airline advertisement in figure
4.20 does.264

Figure 4.24: PDP-11/45, 1972, p.16-18, The PDP-11 Family - Brochures.

The right-hand image in figure 4.24 was placed next to a list of four-
teen different peripherals, showing the same setup as the left-hand im-
age, but from a different angle. The womanwhowas previously changing
tape was now seated at the DECwriter terminal and photographed from

264. PDP-11/45, 1972, p.16-17, The PDP-11 Family - Brochures.
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behind with the perspective zooming out and focusing the attention of
the viewer on a disk drive in the front of the picture with the processor,
small and large tape readers inside cabinets on the right, and a very large
printer in the back. The white walls and grey carpeted floor do hint at a
studio setting.265

Finally, the product leaflet ends by promoting field service which was
made up of over 1,000 engineers who represented around 100 interna-
tional sales offices. When issues arose, they could cover single or mul-
tiple shifts through a local office. Customers could also pay for resident
service in which DEC engineers worked at the customer site, or save on
repair bills by dropping equipment off at depot repair stations. Software
specialists handled service calls or trained customers on-site. Some soft-
ware andmaintenance trainingwas includedwith the purchase of the sys-
tem for a limited number of employees. Finally, the leaflet promoted the
DECUSwith 10,000 users from forty countrieswho provided a free library
of user-contributed programs. In 1972 software was still included for
free since DEC only introduced software licensing a few years later. The
image accompanying field service shows a man in front of a blackboard
engaging in conversation with two other men only visible from behind,
representing the scene of a training offered by DEC.266

DEC’s product leaflet targeted companies that could afford to pur-
chase minicomputer systems. Although customers were considered ex-
perts in computing judging from the technical tone and emphasis on hard-
ware characteristics in the brochure, the service and training section sug-
gests that customers employed minicomputer users rather than using
the system personally. Only one male operator was pictured, which con-
firms the Bureau of Labor Statistics assertion that data entry remained
a predominantly female occupation. The images did not overtly sexual-
izewomen’s bodies, andwhile female usersworemini skirts according to
1970s fashion, their position and gaze is turned away from the viewer and
suggests they were interacting with the system rather than the audience.

265. PDP-11/45, 1972, p.18, The PDP-11 Family - Brochures.
266. PDP-11/45, 1972, p.20-21, The PDP-11 Family - Brochures.
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Summary
Despite minicomputer’s lower price compared to expensive mainframes
and their more accessible interface, only companies and employees in
certain occupations used minicomputers extensively. A minicomputer
also required peripherals and a system still occupied an air-conditioned,
noisy, computer room with the exception of terminals that appeared in
adjoining offices. The applications of computers in aerospace illustrate
diverse occupations that turned to (mini)computers, influenced the expe-
rience of travelers, and increased public visibility of computer technology
in space missions. While air travel became available to the masses, ac-
cess to minicomputers was still reserved for experts.

The image collection of the Digital Equipment Corporation records
at the CHM allowed me to reflect on the occupational segregation and
working conditions of the personnel employed by the computer manu-
facturer. Small design teams consisted of predominantly white male en-
gineers who worked at desks or prototype machines in an open space
on the factory floor. Small computer components were produced by pre-
dominantly female blue-collar workers. With increasing internationali-
sation or even globalisation of production, DEC outsourced some of the
manufacturing to countries where labor was cheaper.

Advertisements for minicomputers still targeted a wealthy, corporate
audience that employedcomputer users. Advertising focusedon theprod-
uct or the device rather than the experience which stands in stark con-
trast to the life style promoted by stewardesses for airlines who wanted
to appeal to the mass consumer market. As processors became even
smaller, cheaper, and faster, the micro or personal computer made its
way out of the office and into the home. Children were introduced to
microcomputers in schools and persuaded parents to purchase one as
well, or people who used computers at work could afford a personal com-
puter for home use. Users no longer needed technical expertise or sup-
port to operate computers, and advertisements for personal computers
promoted the life style and experience rather than the product.
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Chapter 5

Microcomputers: BBC and Ap-
ple Educating the Nation

Theminicomputer discussed in the previous chapter was followed by the
microcomputer, a smaller computer using a “microprocessor as its cen-
tral processing unit (CPU),” or in other words a computer “whose CPU is
contained on a single integrated semiconductor chip.”1 In later years the
term microcomputer made way for the personal computer which empha-
sised the use rather than the computer architecture andwas popularised
by the InternationalBusinessMachines (IBM)’sPCmodel.2 Somesmaller
microcomputers integrated “all CPU, memory, and interface circuits” on
a single chip, whereas others contained several “associated semiconduc-
tor chips.”3 These associated chips served as “main memory for storing
program instructions and data” or to connect to peripherals such as in-
put/output devices, namely keyboards, a video display, and printer, as
well as additional storage units, notably floppy disk readers or tape read-

1. Robert Lewis, Microcomputer, October 2016, https://www.britannica.com/
technology/microcomputer.
2. The terms are often used interchangeably and there is no clear consensus for a def-

inition of either term.
3. Lewis,Microcomputer.
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ers.4

Although microcomputers were introduced from the mid-1970s on-
ward and often as assembly kits, I will focus on twomicrocomputers from
the 1980s when these machines became more user-friendly and spread
to a much wider audience.5 After noticing a similar type of exhibition in
three different computer museums, I decided to select two computers
that were often used in (recreated) classrooms: the BBC Micro and the
Apple IIe. Both The National Museum of Computing (TNMOC) in Bletch-
ley Park, and the Centre for Computing History (CCH) in Cambridge have
recreated a 1980s classroom full of BBC Micros representative of com-
puting for education in the United Kingdom. Across the Atlantic ocean in
the Living Computers Museum+Labs (LCM+L) in Seattle a special exhibi-
tion titledTotal 80sRewind recreatedMiddletonHighSchool, a classroom
filled with several Apple IIe’s. In the stock of BBC Microcomputers held
by the CCH, I also found many markings of school names which further
motivated me to select this computer model in particular.

The museum settings as well as manuals, software, and especially
commercials demonstrate that themicrocomputer found itsway to schools
and homes. Since computers in schoolswere used bymany students, the
1980smarked the decade in which even those who could not yet afford a
microcomputer of their own, could interact with themachine. By compar-
ing an American example of the Apple IIe and the British BBC Micro, na-
tional differences in the adoption of computers and the approach to intro-
ducing computers in schools are laid bare. Although the IBMPC also sold
in great quantities on the United States and international market, the PC
wasmostly introduced in businesses and chapter 3 already discussed an
IBMmainframe. In the United Kingdom the Sinclair ZX was cheaper than
a BBC Microcomputer, but none of the government schemes intended to
introduce computers in schools included the ZX Spectrum.

After contextualising both computermodels and their manufacturers,
and discussing the features of each, this chapter focuses on the educa-

4. Lewis,Microcomputer.
5. See Chapter 7 in Ceruzzi, A History of Modern Computing, 207-241.
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tional policies in the United States and the United Kingdom and the dif-
fusion of microcomputers in primary and secondary schools in the first
half of the 1980s. Advertising for each machine shows how companies
targeted children, families, and schools (see section 5.1.1 and section
5.2.4). Finally, section 5.3 compares the introduction of computers in
primary and secondary schools in the United Kingdom and the Unites
States. Aside from the different approaches to funding schemes for the
acquisition of microcomputers, this chapter describes how much time
students could actually spend interacting with computers, how teachers
were trained to work with them, and whether computers were used for
drill and practice exercises or to teach computer literacy. Furthermore,
software and the applications it was built for differed based on geogra-
phy and preference for certain disciplines.

5.1 BBCMicro: TheComputer LiteracyProject
The British Broadcasting Company (BBC) became “a publicly funded yet
quasi-autonomous organization” on 1 January 1927 established by royal
charter with a board of governors appointed by the state. The state also
granted the licence to broadcast and determined the cost of the licence
fee for fixed periods. The BBC’s statutory obligations “to inform, to ed-
ucate and to entertain,” as well as its constitution, remained stable for
seventy-five years.6

The BBC’s responsibility to educate became closely related with ex-
ternal educational bodies through thefirst Controller of EducationalBroad-
casting appointed in 1963, John Scupham, who established many con-
tacts outside the BBC.7 Educational broadcasting privileged higher and

6. Andrew Crisell, An Introductory History of British Broadcasting, 2nd Edition (London:
Routledge, 2002), 28, https://www.routledge.com/An-Introductory-History
-of-British-Broadcasting/Crisell/p/book/9780415247924.

7. AsaBriggs, TheHistory of Broadcasting in the United Kingdom: VolumeV: Competition
(Oxford: Open University Press, March 1995), 468-469, https://archive.org/deta
ils/historyofbroadca0005brig_z0w9.
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adult education over schools and “Further Education moved into Televi-
sion in 1963,” however a Department of Further Education (Television)
was only set up by 1965 with Donald Grattan appointed as editor. He
had defined adult education programs as series with clear educational
aims “primarily addressed to members of specific professional or occu-
pational groups” in terms of audience by 1964. He would become Con-
troller of Educational Broadcasting in 1972. A producer from the same
department, Sheila Innes, would take over his position in 1984.8 From
five educational television programs per week in 1964 to 132 series for
schools under production by 1974, educational broadcasting was firmly
established long before the advent of the Computer Literacy Project.9

The Continuing Education Television department led by Sheila Innes
withinBBCEducation initiated theComputer LiteracyProject between1979
and1982.10 Theproject took inspiration from international research funded
by the Manpower Services Commission sending David Allen and Robert
Albury from the BBC Education team on a global fact-finding trip to Amer-
ica, France, Germany, Holland, Norway, Sweden and Japan resulting in
three television documentaries, titled The Silicon Factor, and the Micro-
electronics report. The report argued “for educating children in comput-
ing, vocational training in Further Education, andAdult Education focused
on the professions” to reach all levels of society.11 This report was based
on input from technology, industrial, union, and education specialists,
and sent to all members of parliament. The BBC’s Continuing Education
Department was inspired by the report and set up a “public awareness
and education campaign, with a ‘hands-on’ philosophy: people should
learnhow touseand control computers not feel dominatedby them.” The

8. Briggs, The History of Broadcasting in the United Kingdom, 479-484.
9. Briggs, The History of Broadcasting in the United Kingdom, 484,932.
10. Steve Lowry and David Allen, The Computer Literacy Project (1980-1989), March
2020, https : / / web . archive . org / web / 20200326115623 / https : / / clp .
bbcrewind.co.uk/history.
11. Tilly Blyth, The Legacy of BBC Micro: Effecting change in the UK’s cultures of comput-
ing, technical report (Nesta, May 2012), 9, https://www.nesta.org.uk/report/
the-legacy-of-bbc-micro/.

224

https://web.archive.org/web/20200326115623/https://clp.bbcrewind.co.uk/history
https://web.archive.org/web/20200326115623/https://clp.bbcrewind.co.uk/history
https://www.nesta.org.uk/report/the-legacy-of-bbc-micro/
https://www.nesta.org.uk/report/the-legacy-of-bbc-micro/


EDUCATING THE NATION

education department relied on previous experience with the Adult Liter-
acy Project which extended the television program with learning materi-
als and courses in “schools, colleges, and adult education centres” organ-
ised and supported by a network of BBC education officers.12 The goal of
the Computer Literacy Project was “to offer a complete learning system,”
“which included not only television programs, books and a linked course,
but access to a microcomputer and appropriate software.”13

In the first phase between 1982 and 1983, the BBC aired four initial
television series. The Computer Programme is discussed in detail in sec-
tion 5.1.1. Other series includedMaking the Most of the Micro, Computers
in Control, andTheElectronicOffice. All combinedhow to-demonstrations
with real-life and researchexamples.14 TheComputer Programme focused
onmajor aspects of computingandexplainedcomputer principlesbyanal-
ogy, demonstrating how computers worked and what they were used
for.15 Making the Most of the Micro first aired on 10 January 1983 and
went into “muchmore practical detail about how to use homecomputers”
focusing on home applications for the microcomputer. This ten-episode
television series was presented by Ian McNaught-Davis with help from
John Coll and Ian Trackman.16 On 2 March 1984 Computers in Control
first aired, examining robotics in particular and discussing how the com-
puter could monitor and control things. Five episodes presented once
more by IanMcNaught-Davis featuredmany examples fromAmerica and

12. Lowry and Allen, The Computer Literacy Project (1980-1989).
13. John Radcliffe, memorandum, ’BBC Continuing Education Television. The BBC Mi-
crocomputer System. Some Questions Answered’, 13 March 1981, folder R103/113/1,
BBC Microcomputer Acorn Computers Ltd Part 1, BBC Written Archives Centre, Reading
(hereafter cited as BBC Microcomputer); John Radcliffe, memorandum, ’BBC Microcom-
puter System. The Choice of Equipment’, 22 April 1981, folder R103/113/1, BBC Micro-
computer.
14. Lowry and Allen, The Computer Literacy Project (1980-1989).
15. The Computer Programme, March 2020, https://web.archive.org/web/20
200326115617/https://clp.bbcrewind.co.uk/de37d97905d37f58038f2d7c
8341ff4b.
16. Making the Most of the Micro, March 2019, https://web.archive.org/web
/20200326115619/https://clp.bbcrewind.co.uk/f57ff3510ad952db6d
45753d4f9a6c1a.
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the program marketed a robot called the BBC ’buggy’ for do-it-yourself
enthusiasts.17 Finally, The Electronics Office first aired on 12 April 1984
explaining changes in the office and illustrating how technology altered
peoples work.18

The television series were accompanied by books, courses, software,
advice services, and of course the BBC Microcomputer System. This ap-
proach was first introduced with the establishment of the Open Univer-
sity. Since 1964 Prime Minister Harold Wilson had started to campaign
for a “University of the Air” and he appointed Jennie Lee to the Depart-
ment of Education and Science (DES) in March 1965 to set up what even-
tually became theOpenUniversity. With time and patience, shemanaged
to establish a partnership with the BBC. In 1971 the Open University re-
ceived its first students and by 1974, the BBC transmitted “1,500 hours
of Open University programmes.”19 Historian Asa Briggs argued that the
Open University partnership between academics and broadcasters intro-
duced the BBC to the practice of associating television programs with
other teaching and learning materials, especially in a forerunner of The
Computer Literacy Project called National Adult Literacy Campaign and il-
lustrates the BBCs concern with further education rather than schools.20

The Computer Book sold over 80.000 copies by 1983. By then over
160.000 people had taken the 30-hour BASIC course introducing the pro-
gramming language used by the BBC Microcomputer. Two million BBC
Microcomputers were sold and over 85% of primary schools and 65%
of secondary schools had purchased at least one BBC Microcomputer by
1983.21

In the second phase between 1983 and 1989, the special two-hour

17. Computers in Control, March 2019, https://web.archive.org/web/202003
26115700/https://clp.bbcrewind.co.uk/4d70db67f1bb222cf3d2a515636c
19be.
18. Electronic Office, March 2019, https://web.archive.org/web/20200326115
657/https://clp.bbcrewind.co.uk/27bcf968d0c805c00ee69fbca89931b9.
19. Briggs, The History of Broadcasting in the United Kingdom, 490-502,932.
20. Briggs, The History of Broadcasting in the United Kingdom, 934-935.
21. Lowry and Allen, The Computer Literacy Project (1980-1989).
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feedback program Making the Most of the Micro - Live aired in October
1983, followed by a regular magazine program calledMicroLive between
October 1984 and 1987. Other series included With a Little Help from
the Chip on disability and computing, The Learning Machine, Micro File,
Electric Avenue andMicro Mindstretchers for schools television. Software
developers could now also make use of the BBC’s Guidelines for Software
Writers to develop and produce their own computer programs.22

At the start of the project, the idea was not necessarily to build a BBC
Microcomputer, but rather to set a software standard and ask existingmi-
crocomputermanufacturers to adopt a particular programming language.
Educational advisor John Coll from the Micro Users in Secondary Educa-
tion (MUSE) helped develop the initial software standard called adopted
BASIC for computer (ABC) which was presented to all British manufac-
turers. Due to the costs of developing new microchips which neither the
manufacturers, nor the BBC or government waswilling to pay, this option
was soon abandoned.23 Thus “the onlyway to ensure amachinewould be
available at the right time was either to build the system around an exist-
ing commercial machine or to licence a BBCmachine.”24 After approach-
ing the partially publicly-funded Newbury Laboratories to redesign an ex-
isting machine for the project without much success, the only remaining
solution was to licence a BBC machine. John Coll and David Allen then
developed a functional description sent to seven manufacturers.25

When the British computing industry became aware of the project
they voiced their concerns to the Department of Trade and Industry (DTI)
stating unfair competition from a public service broadcaster. Since the
BBCwanted to licence the computer to aBritishmanufacturer rather than
developing a “new design in direct competition with existingmanufactur-
ers,” the DTI did not intervene.26 In an article from Electrical and Ra-

22. Lowry and Allen, The Computer Literacy Project (1980-1989).
23. Blyth, The Legacy of the BBC Micro, 10-11.
24. J. Radcliffe, memorandum, ’Some Questions Answered’, 13 March 1981, BBC Mi-
crocomputer.
25. Blyth, The Legacy of the BBC Micro, 11.
26. Kenneth Baker to Christopher J. Curry, 14 January 1981, folder R103/113/11, BBC
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dio Trading a similar argument stated that BBC Enterprises usually of-
fered “licences to manufacturers to produce the equipment and make
their own arrangements for marketing,” even though the Radio, Electri-
cal and Television Retailer’s Association considered the associated tele-
vision programs “as a related if indirect means of advertising the micro-
computer.” Yet BBC Enterprises emphasised the “need for a series to
introduce the layman to computers and take away something of the fear
they often produce.”27 The DTI also welcomed the Computer Literacy
Project “as a significant step towards improving the technological liter-
acy of the nation,” thus complementing the “microelectronics application
(MAP) and information technology programmes.” In fact, the BBC had
not yet decided on the manufacturer but only determined the “specifica-
tion, price, and availability” requirements for the machine by the end of
1980.28

Six machines from different manufacturers were taken into consider-
ation by the BBC from companies such as “Acorn, Newbury, NASCOM,
TANGERINE, Sinclair and TRANSAM.” The final decision was based on
fourteen criteria regarding the company licensed to produce the micro-
computer, the machine and its usability. The company needed the finan-
cial means to produce the necessary number of microcomputers as well
as the capacity to increase production if demand exceeded expectation.
The BBC also required a robust and reliable, powerful machine that could
be expanded and was compatible with the ViewData format and could
eventually support teletext. Furthermore, themicrocomputer had to sup-
port different interfaces such as TV, cassette, video and disc, and should
include a display. In terms of user-friendliness the selection criteriamen-
tioned an existing handbook and software documentation. Finally, the
BBC was looking to offer a computer at a reasonable price for both sale
and lease.29

Microcomputer.
27. Electrical & Radio Trading, magazine article, ’... and challenge to the BBC’, 15 Jan-
uary 1981, folder R103/113/1, BBC Microcomputer.
28. K. Baker to C.J. Curry, 14 January 1981, BBC Microcomputer.
29. Shiela Innes to John Cain 5 February 1981, folder R103/113/1, BBC Microcom-
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Acorn won the bid in the end provided that they built “a special BBC
version of their new generation machine” according to their specifica-
tions.30 The BBC licensed the microcomputer to Acorn Computers Ltd.
for a royalty of 10% which was reduced to 7% for schools purchasing
through theMicroelectronics inEducation schemediscussed later.31 They
also retained the right to write the User Guide and demanded a lease of
ten computers to start developing software. Acornwasnot allowed touse
their company name “on any advertising, publicity, or promotional mate-
rial whatsoever.” Nor could it feature the Computer Literacy Project or
the BBC Micro in a “film, television or radio commercial” without “prior
consultation” and “written consent” from the BBC.32 Section 5.1.2 dis-
cusses the timeline of events from launch to delivery with attention for
how the relationship between Acorn and the BBC changed over time.

Initial complaints from the British computer industry focused on the
BBC’s decision to forego open tender. The BBC defended their lack of
transparency based on three argument pointing out the “multifarious and
unstable” computer industry, the external advice received from the DTI
and others, and the unlikeliness of market dominance from the BBC Mi-
cro.33 Prepared for accusations of unfair competition, theBBCminimized
the advantage to Acorn by bargaining the price, avoiding links to Acorn
in advertising and publishing hardware and software specifications for
other companies to create compatible hardware and software, a prac-
tice later known as “open source,” thus supporting the British comput-
ing industry.34 However, the first two arguments backfired in hindsight

puter; John Radcliffe, memorandum, ’BBC Continuing Education Television. Computer
Literacy Project’, 15 January 1981, folder R103/113/1, BBC Microcomputer.
30. John Radcliffe, minutes, ’BBC Microcomputer’, 18 February 1981, folder
R103/113/1, BBC Microcomputer.
31. BBC Enterprises Limited and Acorn Computers Limited, agreement, 29 April 1981,
folder R103/113/1, BBC Microcomputer; Bryon Parking to John Radcliffe, ’BBC Micro-
computer System’, 1 April 1981, folder R103/113/1, BBC Microcomputer.
32. BBC and Acorn, agreement, 29 April 1981, BBC Microcomputer.
33. John Radcliffe to Donald Grattan, ’BBC Micro’, 5 March 1981, folder R103/133/1,
BBC Microcomputer.
34. An example of publishing specifications is provided in JohnRadcliffe,memorandum,
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since “suggestions that the directors of the firmwill become billionaires”
were not as far-fetched as the BBC proclaimed and the clause preventing
Acorn from advertising their company in relation to the BBC Micro was
not always respected.35 This contract clause also created other difficul-
ties since the BBC were held accountable by customers for delays and
malfunctions originating from Acorn.36

Despite initial trouble with production and delivery, the BBC Micro-
computer System did become a success and section 5.1.3 details the
life cycle of the computer itself. Expanding on the conception phase of
the Computer Literacy Project, this section delves further into what initi-
ated the need, and what was the incentive to develop the BBCMicrocom-
puter. Following the vision of the BBC Computer Literacy Project team and
Acorn’s prototype in the design phase, the next stage of purchase and in-
stallation illustrates the intended or configured user apparent in support-
ing materials in comparison to the demographic of people who had the
means to purchase the BBC Micro. The final stage of the life cycle looks
into the actual use and applications based on the user manual as well as
reviews which in addition to the television series demonstrate how the
BBC Microcomputer System functioned and in what context.

The intended or configured user of the BBC Microcomputer is explic-
itly described in a press release dated 17 February 1981 announcing the
Computer Literacy Project which would launch in 1982.37

The project should appeal to teachers and students, hobby-
ists, engineers and technicians from other disciplines, busi-
nessmen needing to keep up, parents of teenagers, a wide

’Response to Simon Dally of Harrap’, 15 October 1981, folder R103/113/1, BBC Micro-
computer.
35. J. Radcliffe, memorandum, ’Some Questions Answered’, 13 March 1981, BBC Mi-
crocomputer. Examples of Acorn not respecting the advertising contract clause in: John
Radcliffe to JohnColl, 15May1981, folderR103/113/1, BBCMicrocomputer; BryonPark-
ing to Donald Grattan, 7 September 1981, folder R103/113/1, BBCMicrocomputer; John
Harrison to Chis J. Curry, 15 July 1981, folder R103/113/1, BBC Microcomputer.
36. BBC and Acorn, agreement, 29 April 1981, BBC Microcomputer.
37. Press release, ’BBC to Launch Series on Computer Literacy’, 17 February 1981,
folder R103/113/1, BBC Microcomputer.
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range of people - office workers, bank managers, and so forth
- who are encountering keyboards, Visual Display Units, bar-
coding, etc., andmore widely those for whom this could quite
simply be an engrossing, challenging and intellectually satis-
fying new hobby.38

A key component for distributing software and generating public in-
terest for the Computer Literacy Project was the teletext receiver. Com-
patible with the BBC Micro, the receiver connected to CEEFAX which dis-
tributed telesoftware. The programs could be “down-loaded [sic] direct
from teletext transmissions into the memory of a computer.”39 Other
software plans of the BBC in collaboration with an advisor from the DTI
Research department ranged “from games (crosswords, chess, space-
invaders) to serious applicationprograms for business (stock control, VAT,
etc.) including programs for learning (spelling, typewriting), hobbyists
(astronomy, music, etc.), home management (income tax, health, diary,
etc.).”40

Almost simultaneously with the announcement of the Computer Lit-
eracy Project, the Controller of Educational Broadcasting became aware
of an interesting government scheme called the Microelectronics Educa-
tion Programme (MEP) being discussed during the advisory board meet-
ing of the Council for Educational Technology (CET).41 The goal of the
proposal was to put “a microcomputer in every secondary school inside
two years.”42 By 6 April 1981 a press release confirmed that the BBC
Microcomputer would be included in the MEP as presented by PrimeMin-
ister Margaret Thatcher at a press conference. Section 5.1.4 discusses
38. Press release, ’Computer Literacy’, 17 February 1981, BBC Microcomputer.
39. J. Radcliffe, memorandum, ’Some Questions Answered’, 13 March 1981, BBC Mi-
crocomputer.
40. J. Radcliffe, memorandum, ’Some Questions Answered’, 13 March 1981, BBC Mi-
crocomputer.
41. Council for Education Technology, report, ’Microelectronics Education Programme’,
19 February 1981, folder R103/113/1, BBC Microcomputer; Donald Grattan, letter, ’Mi-
croelectronics Education Programme’, 13 March 1981, folder R103/113/1, BBC Micro-
computer.
42. CET, report, ’MEP’, 19 February 1981, BBC Microcomputer.
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the British schemes introducing microcomputers to both secondary and
primary schools in detail. Local Education Authorities approved by the
DTIwould receive financial help to purchaseBBCMicro’s for their schools
starting in autumn. The television series aired in January 1982 to support
“adults as well as colleges and schools” using the BBC Micro.43

5.1.1 The Computer Programme
Since The Computer Programme indirectly promoted the BBC Microcom-
puter and the associated educational Computer Literacy Project, the fol-
lowing sectiondiscusses the television series inmoredetail. The research
questions answered here are similar to previous case studies discussing
other formsof advertising. First and foremost, I provide somebackground
information on when and where the television show aired as well as the
structure of an episode and the topics discussed. Furthermore, the pro-
gram provides a unique insight into not only the audience the documen-
tary makers envisioned, but also the type of computer users it catered
for. Finally, the first section introduces how the BBC Microcomputer was
featured during the episodes.

The television series

The decision to create a series of ten episodes taken in November 1979
originated from previous documentaries such as the March 1978 docu-
mentary Now the Chips are Down as part of the Horizon series, and three
episodesofTheSiliconFactor on the social impact of themicrochip. Whereas
The Silicon Factor “focused on the impact of themicroprocessor as a new
social force to which people would need to adjust,” the BBC Continuing
Education Television Department noticed a shift away from computing
as an external force towards the computer as a useful tool. This shift of
perspective paired with the fact that microcomputers had become cheap

43. Press release, ’BBC Microcomputer to be included in government scheme’, 3 April
1981, folder R103/116/1, BBC Microcomputer.
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enough toenter thehome led to the creationofwhatwaseventually called
The Computer Programme as part of the Computer Literacy Project.44

The production team collaborated with BBC’s Broadcasting Research
Department to conduct two studies into audience needs and determine
the type of audience and the sort of content that would appeal to them.
The first street survey researched the interest of either the motivated or
casual viewers, with or without previous knowledge of computers, and
their attitude andwillingness to learnmore about computing. The survey
results presented in April 1981 revealed a generally positive attitude to-
wards computing and an interest into how computers worked as well as
existing and future applications. However, people feared a depersonal-
isation of technology and were concerned about the storing of personal
details on computers. Older people were more anxious about being able
to come to grips with computer literacy. Although producers expected
the interest to be “strongest among men, among middle class or skilled
working class viewers, among the better educated, and among people un-
der 50,” whoweremore technically-minded andwouldwant a serious ap-
proach, the research revealed an unexpectedly strong potential interest
in the subject from a more general audience. Thus rather than focusing
on a specific demographic in terms of gender, age, and class, the team
decided to appeal to a wider audience with a desire to learn. The televi-
sion format as a mass-medium lends itself well to capturing the interest
of the general audience, demystifying the technology, and providing prac-
tical examples. A pilot programwas then testedwith four groups of thirty
people to find the right balance in terms of content between theory and
example, filmed cases and studio demonstrations, the level of technical
explanation, teaching or arousing interest, and between didactic and ex-
planatory or chatty and exploratory presentation styles.45

44. John Radcliffe and Roberts Salkeld, eds., Towards Computer Literacy: The BBC Com-
puter Literacy Project 1979-1983, BBC Continuing Education INSIGHT (London: British
Broadcasting Corporation, December 1983), 5-6, https : / / web . archive . org /
web/20200919203041/https://clp.bbcrewind.co.uk/media/Towards%
20Computer%20Literacy.pdf.
45. Radcliffe and Salkeld, Towards Computer Literacy, 9-11.
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The timing of the television broadcast of the program reflected the in-
tended audience. Airing on Monday afternoon at 15:05 on BBC Two, the
showwould reach schools and colleges either in real time or for recording
a copy to be shown in classes afterwards. The general audience would
be reached on BBC One either late at night at 23:20 on Monday, or with
repeats on Sunday morning. The first episode of the Computer Literacy
Project titled The Computer Programme aired on BBC Two on Mondays
between 11 January and 15 March 1982 and was repeated on BBC One
starting on Monday 22 March 1982.46 In the first episode, presenter
Chris Serle explicitly stated the information technology year of 1982 de-
clared by the British government and its ensuing introduction of a new
ministerial post as the motivation for the television series. The program
was meant for “non-computer experts” who wished to understand why
computers were important and what a non-expert needed to know.47

The program featured a “combination of studio demonstration on mi-
cros, explanation of principles by analogy, and illustration on film of real-
life examples of practical applications.” The recording of demonstrations
on the BBC Microcomputer in the television studio was a real challenge
because the hot, crowded environment full of disturbing electrical fields
meant that the computer often broke down. Producer Paul Kriwaczek
also applied the technique of a dialogue between layman Chris Serle and
expert Ian McNaught-Davis to further “dispel the idea that computing
was an obscure specialist subject, which could only be grasped by people
with a knowledge of maths or a scientific training.” The third and only fe-

46. Radcliffe and Salkeld, Towards Computer Literacy, 9. Listings for The Com-
puter Programme episodes can be found on https://genome.ch.bbc.co.uk.
Episode 1, ’It’s Happening Now’, aired 11th January 1982, on BBC Two.
https://genome.ch.bbc.co.uk/58120aff2c0741cc8982dd353632691f;
Episode 10, ’Things To Come’, aired 15th March 1982, on BBC Two. https:
//genome.ch.bbc.co.uk/f6f497efa00d4762a6f60af19c29acdf; Episode 1,
’It’s Happening Now’, aired 22nd March 1982, on BBC One. https://genome.ch.bbc.
co.uk/68f5996d29ec4d788303a5f4be1d3ee5.
47. The Computer Programme, episode 1, ’It’s Happening Now’, directed by Matt Boney
and Frank Ash, aired 11th January 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep01.
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male presenter on the showwas experienced science correspondent Gill
Nevill, she presented most of the film stories that were proposed by re-
searcher Catherine Robins.48 Examples of incredibly skilled young users
were actively avoided to prevent scaring off older viewers.49

Figure 5.1: Still from Ash and Boney, The Computer Programme, episode
1 (01:06), ’It’s Happening Now’, aired 11th January 1982, on BBC Two.

At the start of each episode, Chris introduced the topic before the
title sequence. The title sequence centred around a cartoon owl, sim-
ilar to The Computer Literacy Project logo which referenced the owl as
the ancient Greek goddess Athena who symbolised wisdom and knowl-

48. Radcliffe and Salkeld, Towards Computer Literacy, 26-27, 29.
49. Radcliffe and Salkeld, Towards Computer Literacy, 12.
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edge.50 Flying over the rooftops with its chimneys and television anten-
nas at night, the owl flies into one of the houses in front of the television
set and landing inside the screen on top of the program title (figure 5.1).

Then IanMcNaught-Davis also known to friends asMacwent onafield
trip to trace a computer concept back in time. When Mac and Chris came
together in the studio, Chris as the impersonation of the non-expert com-
puter user askedMac the expert questions to better understand the com-
puter concept of the episode. Mac in turn tried to answer his questions
using various examples. Next, reporter Gill Nevill was sent on a mission
to demonstrate real-life situations linked to the computer concept and
to interview computer users. Only in the final ten minutes of an episode
would Chris and Mac sit down in front of the BBC Microcomputer where
Macwould teach Chris how to use themachine running various short pro-
grams from cassette or floppy disk. The episode sometimes ended with
an assessment of author and journalist RexMalik discussing the future of
computing.

All of the episodes of The Computer Programme are available in a ded-
icated collection on the Internet Archive.51 Below is a quick overview of
the title and topic of each episode:

1. It’s happening now (introduction to computing)

2. Just one thing after another (basic processing concepts)

3. Talking to a machine (programming languages)

4. It’s on the computer (data storage and retrieval)

5. The new media (communications and media)

6. Moving pictures (graphics and animation)

50. The Computer Programme - It’s Happening Now, March 2019,https://web.archi
ve.org/web/20200326191850/https://clp.bbcrewind.co.uk/cd0b390000e
c7f484b89a3ff545b99d4.
51. The Computer Programme, directed by Matt Boney and Frank Ash, aired 1982 on
BBC One and BBC Two. https://archive.org/details/computer-programme.
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7. Let’s pretend (computer modelling and simulations)

8. The thinking machine (artificial intelligence)

9. In control (computers controlling other equipment)

10. Things to come (the future of computing)

The first episode explicitly introduced the goal of the television series,
its intended audience, and the type of computer user targeted. Based
onmagazine advertisements, Chris showed the variety ofmicrocomputer
models available andwhowas targeted as a computer user from the busi-
nessman to the family. As advertising for computers in the1980sbecame
increasingly focusedon television commercials, thepresentermoved from
magazines to an example of a commercial. Eventually hewalkedpast sev-
eral differentmodels ondisplay in the studio explaining howpeople could
no longer avoid computers as shops popped up in high streets and pubs
all had game computers.

Chris then voiced his concern as a non-expert user as follows:

I sometimes get the feeling that the only people who will get
any use out of [computers] - apart fromSpace Invaders - are a
few highly qualified boffins and some home enthusiasts who
until ten years ago would have been making their own televi-
sion sets.52.

This narrative illustrates the key change between mainframes and mini-
computers compared to microcomputers which isn’t so much the tech-
nology itself, but rather the user. From expert users and specialists need-
ing an education and gaining access to expensive equipment in closed
spaces to hobbyists who still needed specialist knowledge but could pur-
chasemore affordable components, the 1980s became known as the era
of personal computers that amateur users could afford and use without
special training. In the 1980s the computer was introduced to primary

52. The Computer Programme, episode 1.
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and secondary school children and found its way into the home. The
goal of The Computer Programme was to demonstrate that the computer
was within the reach of anybody, including Chris Serle, helped by Ian
McNaught-Davis, who took on the role of the expert.

In the final episode, Chris repeated the goal of the television series: to
demonstrate how computers would change everyday life. He then won-
dered whether this change should be considered a threat or an oppor-
tunity. After the closing credits, producer Paul Kriwaczek concluded as
follows: “In this serieswe have tried to show you something ofwhat com-
puters are and how they can be used. Whether they should be used an if
so how and to what purpose are questions we haven’t had time for..”53

Although the television show does not avoid featuring other brands of
mainly British microcomputers, computer concepts were demonstrated
using the BBC Microcomputer. Any programs written for the series or
lines of code entered by Chris catered specifically to the BBC Microcom-
puter. At the end of the first episode several other products were ad-
vertised. The BBC explicitly promoted The Computer Book publication
written for the television program, together with the BBC Microcomputer
System and an associated correspondence course from the National Ex-
tension College (NEC) in the beginners’ all-purpose symbolic instruction
code (BASIC) programming language that could be ordered via mail. So
although the television show aired on a publicly funded national televi-
sion network that was not supposed to capitalize on commercial ven-
tures, the series directly promoted theBBCMicrocomputer benefiting the
BBC and Acorn, as well as a book published by BBC Publications and a
course offered by the NEC. The final episode also advertised associated
software, local computer clubs, and local courses.

The Computer Programme appeared on British television and was fre-
quently repeated. Episodes introduced computer concepts, discussed
the history of computers, showed users at work, and touched upon the

53. The Computer Programme, episode 10, ’Things To Come’, directed by Matt Boney
and Frank Ash, aired 15th March 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep10.
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future of computing. Aside from an introduction and reflection of the fu-
ture of computing in the first and last episode, other topics included: pro-
cessing, programming, data, communications, graphics, simulations, ar-
tificial intelligence, and how computers controlled other machines. The
goal of the show was to introduce computing to non-experts or amateur
users and to illustrate the role of computers in everyday life. The tele-
vision show featured the BBC Microcomputer during the episodes, but
advertised the system and associated products directly at the end of the
show.

Applications and Users Featured
The television series format is also suitable for an analysis of different
computer applications and showsusers atwork. ReporterGill Nevill inter-
viewed actual computer users about their perception and use of the ma-
chine, or demonstrated everyday situations in which computers played
a role. Therefore the television series showed the purchase, installation
and operation of microcomputers in different occupational contexts and
described the workflow. Other applications in which computers were
used behind the scenes demonstrated the influence of technology in ev-
eryday life during the 1980s.

Real andStereotypicalUsers Thepersonal ormicrocomputerwasmost
popular for small business users. In the first episode, Gill illustrated one
of the smallest businesses applying computers, by interviewing a nice
grey-haired sweets shopkeeperwhoused themicrocomputer for account-
ing and stock keeping as seen in figure 5.2. The lady explained shewasn’t
apprehensive about the computer because it looked like a typewriterwhich
she operated before. The main advantage of the computer for her small
business was that it saved time.

Interestingly she spotted a business opportunity in owning the com-
puter as Gill explained.

Because she found it so useful, Phyllis thought that a com-
puter might help other people with small businesses. So a
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Figure 5.2: Still from Ash and Boney, The Computer Programme, episode
1 (12:39), ’It’s Happening Now’, aired 11th January 1982, on BBC Two.

year ago she started up a computer service to take over their
paperwork allowing them to get on with their jobs.54

Given how the chocolate sweets business was becoming less profitable
the shopkeeper said she wouldn’t mind focusing solely on her computer
business because she found it more exciting.

In a slightly larger business, episodefive seesGill reportinghowBritish
Aerospace’s new Airbus 146 was programmed from home using termi-
nals.55 She explained that “once the telephone link has been established

54. The Computer Programme, episode 1.
55. For more information on computers in the aerospace industry, see chapter 4.2.
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and the programmer has logged on by giving her password, programs can
be run automatically.” Thus the programmers Gill discussed here work-
ing from home for an aerospace client through their software company
employer were female, as seen in figure 5.3.

Figure 5.3: Still from Ash and Boney, The Computer Programme, episode
5 (11:34), ’The New Media’, aired 8th February 1982, on BBC Two.

The male operator shown replacing disk packs on site in the main-
frame computer room did have to come in to the office. “It was the flex-
ibility of the work that appealed to Leslie Smith. She could work from
home in her own time and still fetch the children from school or go shop-
ping without being tied to an office or office hours..”56 Her work was

56. The Computer Programme, episode 5, ’The New Media’, directed by Frank Ash and
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printedout andcheckedby theairplanedesigners, before thewiring spec-
ifications were sent to the factory, where another man was assembling
the wires.

(a) Episode 5 (16:01) (b) Episode 5 (17:10)

Figure 5.4: Stills fromAsh and Boney, The Computer Programme, episode
5, ’The New Media’, aired 8th February 1982, on BBC Two.

Chris and Mac continued the subject discussing what an office would
look like in the future as seen in figure 5.4, which taskswould be replaced
by computers and how the job of office workers would change. As Chris
stated “for those of us who work in offices - and that, believe it or not
is about 40% of the working population - these new electronic systems
could mean very big changes.” Walking between an old largely paper
based office and the office of the future reconstructed on set, Chris stated
which digital alternatives would replace some of the elements in the of-
fice. Filing cabinets, invoices, and bills would be sent through computers,
typewriters would be replaced by word processors. Mac added “so a sec-
retary’s job will really be enhanced as she is able to help her boss in un-
derstanding the sort of speed atwhich his business is changing.” From fe-
male programmers to female secretaries andmale bosses, the television
show clearly gender typed certain occupations. Despite the decreasing

Matt Boney, aired 8th February 1982, on BBC Two. https://archive.org/details/
the_computer_programme_ep05.
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price of telecommunications and the increasing cost of paper mail in the
1980s, Mac believed that although the use of paper in the office would
be greatly reduced, people still preferred to read from paper rather than
the screen. In the office of the future the desk would consist of a com-
puter terminal, a View Data terminal, a Word Processor and a connected
printer.

Figure 5.5: Still from Ash and Boney, The Computer Programme, episode
10 (07:34), ’Things To Come’, aired 15th March 1982, on BBC Two.

In the final episode two occupations illustrate opposite ends of the
spectrum regarding the influence of computers on the labourmarket. Gill
assured the viewer that some skilled jobs would continue to require the
human touch. For instance in dairy farming the computer could provide
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the farmer with detailed information about individual animals and the
herd concerning their yield, feed, date of calving, and veterinary inspec-
tion as shown in figure 5.5. However, after the farmer decided to get rid
of an unproductive cow, Gill added the following: “Though the computer
supplies the farmer with information about his animals, it may be he no
longer knows them as individuals. This could also be a problem in pro-
fessions involving people and computers..”57 In essence, the animals or
employees were reduced to numbers and underlying issues might be ig-
nored.

At the other end of the spectrum, Rex Malik explained the process of
transferring money after Chris walked into a high street bank to pay for
his electricity bill (figure 5.6), a process taking three days.

Rex Malik started by stating that “the paper trace we are following is
probably one of the world’s most complex, routine, large volume, paper
handling operations.” First, the payment slip went to the bank’s clearing
centre unlike chequeswhichwere handled by computers. Once payment
slips were sorted manually by the recipient’s bank, all slips destined for
that bank were added to determine the total amount the bank owed ev-
ery other bank. Before lunch on the second day, all the paper went to a
central clearing point to exchange with other banks and the paper was
destined for the recipient bank’s clearing centre. Finally, the paper was
sent to the specific branch of the receiver’s account in the evening.

The recipient bank’s clearing centre shown inTheComputer Programme
wasa largeopenofficewherewomenwere seatedat desks, going through
papers and making calculations. The clear occupational segregation of a
woman at the reception of the high street bank, men transporting paper,
andwomen processing paper is importantwhen reading Rex’s analysis of
the women’s job at the clearing centre. He first wondered “surely there
must be another way for people to spend their lives?” Next he predicted
that “jobs like this in which people are just used as a convenient interface
between machines, will probably disappear (...) during the eighties.” I
will continue this discussion on the characteristics of jobs that were likely

57. The Computer Programme, episode 10.
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Figure 5.6: Still from Ash and Boney, The Computer Programme, episode
10 (11:18), ’Things To Come’, aired 15th March 1982, on BBC Two.

to disappear as a result of the introduction of microcomputers in at the
end of this section on the future of computing and occupational segrega-
tion.

Finally, another computer application made the bridge to everyday
uses of computers through a commercial airline application. Chris stated
in episode seven that “someairline pilots around theworld are converting
fromone type of jet to anotherwithout once stepping foot in an expensive
real plane” with the help of realistic simulators. He got a lesson in a Boe-
ing 727 flight simulator at Crawley Industrial Estate (see figure 5.8). This
application ties in nicely with the case study on commercial airlines from
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Figure 5.7: Still from Ash and Boney, The Computer Programme, episode
10 (14:40), ’Things To Come’, aired 15th March 1982, on BBC Two.

the previous chapter showing how not only the traffic control tower and
luggage handling were computerised, but how pilots were trained on the
ground.58

After showing the movement created by hydraulics underneath the
simulator, Chris took a look at the computer controlling the movement

58. TheComputer Programme, episode7, ’Let’s Pretend’, directedby FrankAsh andMatt
Boney, aired 22nd February 1982, on BBC Two. https://archive.org/details/
the_computer_programme_ep07.
58. TheComputer Programme, episode7, ’Let’s Pretend’, directedby FrankAsh andMatt
Boney, aired 22nd February 1982, on BBC Two. https://archive.org/details/
the_computer_programme_ep07.
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(a) Episode 7 (02:19) (b) Episode 7 (02:57)

Figure 5.8: Stills fromAsh and Boney, The Computer Programme, episode
7, ’Let’s Pretend’, aired 22nd February 1982, on BBC Two.

based on the input of the simulator dashboard, and generating the graph-
ics inside the simulator.

Everyday Situations influenced by Computers After these examples
of real or archetypal users and computer applications in which people
were directly using computers, the following examples illustrate situa-
tions in which people’s everyday lives were indirectly influenced by com-
puters during the 1980s.

The first episode endedwith Chris booking an airline ticket to Paris us-
ing the BBC Microcomputer connected to the Prestel database through a
telephone line. He then arrived at the airport counter to pay for his reser-
vation and receive his ticket (figure 5.9).

Thus passengers too depended on computers directly or indirectly to
make a reservation. Before his plane took off, Chris explained how com-
puters made commercial flights cheaper by ensuring full planes.

Another example of how computers impacted daily life was Gill’s re-
port during the second episode of the central control of London’s traffic
lights from New Scotland Yard. Traffic was monitored via cameras and
traffic light settingswere changed formorning rush and off peak 24 hours
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Figure 5.9: Still from Ash and Boney, The Computer Programme, episode
1 (20:41), ’It’s Happening Now’, aired 11th January 1982, on BBC Two.

per day.59 Operators also manually adapted settings at the console to
speed the flow of traffic (see figure 5.10).60

Next, Gill continued with another use for computers related to cars
in episode seven with the job of a car accident investigator such as Tom

59. For an example of another CCTV installation monitoring traffic, see Jeffrey Gnehm,
Jonas Hochberg, and Gökçe Kaya, Freie Fahrt dank CCTV, 2021, https://dronetv.
lu/en. The Dronetv.lu digital exhibition curated by postdoctoral researcher Anne-Katrin
Weber researched uses of televisions outside the home.
60. The Computer Programme, episode 2, ’Just One Thing After Another’, directed by
Frank Ash and Matt Boney, aired 18th January 1982, on BBC Two. https://archive.
org/details/the_computer_programme_ep02.
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Figure 5.10: Still fromAsh andBoney, The Computer Programme, episode
2 (15:47), ’Just One Thing After Another’, aired 18th January 1982, on
BBC Two.

Rivensdale to model the situation of a car accident in reverse in order to
determine the speed of each car during a collision. The reporter moved
from the scene of a hypothetical accident to the office of the investigator
where the statics of each car were displayed on the computer screen. Af-
ter inserting measurements from the scene of the accident, it appeared
that the surviving driver lied about his speed and the speed of the other
car and did indeed cause the accident.

Mac also introduced a car example, showing a self-driving BMW in
episode nine to explain the function of computer chips in cars. The board
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computer used sensors to indicate when an oil change or service was
needed, or preventedwheels from locking in case of an emergency break.
Chips in cars thus provided information, controlled safety, and could help
save petrol by monitoring fuel consumption.61

Continuing the topic of computers running behind the scenes of peo-
ple’s everyday lives, in the fifth episode Gill shows how the timetable of
British Rail at Waterloo station was automatically compared to real time
information, announcing delays to commuters. The project of designing
a bus map given to design student Magda from the Royal College of Arts
wasGill’s computer user example for episode six. Togetherwith program-
mer Brown Smith her goal was to draw parallel lines on a map for busses
travelling the same parts of a route. Figure 5.11 showsMagda and Brown
at work.62

First, the roads had to be digitised and then Brown’s program would
drawparallel lines on the computer. However, “the simplest looking prob-
lems take the longest time” and the project took two months rather than
one day as Brown estimated. In the end, Gill showed the bus map of the
West of Scotland which Magda designed.

Part of the interview with Brown Smith was added after the closing
credits where he reflected on other types of computer uses for artists.
Aside from using the computer as a tool to draw pictures on a screen,
it also helped artists deal with concepts. In other words, the computer
made artists reflect on their decision-making process by forcing them to
break down their work process into ever smaller steps and sets of com-
puter instructions.

As Mac introduced the topic of data retrieval in episode four, he was
seated in the science section of the British library to discuss the mass
of information stored in seven buildings and containing 85 000 books.

61. The Computer Programme, episode 9, ’In Control’, directed byMatt Boney and Frank
Ash, aired 8th March 1982, on BBC Two. https://archive.org/details/the_
computer_programme_ep09.
62. The Computer Programme, episode 6, ’Moving Pictures’, directed by Frank Ash
and Matt Boney, aired 15th February 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep06.
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Figure 5.11: Still fromAsh andBoney, The Computer Programme, episode
6 (09:53), ’Moving Pictures’, aired 15th February 1982, on BBC Two.

Such large amounts of paper did not only pose storage problems, but also
caused retrieval issues. With the help of a librarian, Mac then consulted
the computer index of the British library as shown in figure 5.12. Firstly,
the library terminal connected to the database by dialing the correct num-
ber on a rotary-dial telephone. The librarian then typed keywords and
checked how many references resulted from the index. Only after pair-
ing down the search to a manageable number of titles were the results
printed out, followed by detailed information of a single item in the col-
lection.63

63. The Computer Programme, episode 4, ’It’s On The Computer’, directed by Frank
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Figure 5.12: Still fromAsh andBoney, The Computer Programme, episode
4 (08:59), ’It’s On The Computer’, aired 1st February 1982, on BBC Two.

In episode four, Gill illustrated the use of data sets in hospitals. Be-
fore the system was operational, food needed to be ordered from the
menu 24 hours in advance, resulting in up to 20% of food going to waste
because some patients were already sent home the following day. By
computerizing the process, Gill could order on the same day leading to
less food waste. An optical card reader read the menu cards to transfer
the information to a microcomputer. The computer was shared between
staff members in the office and could generate shopping lists and prices

Ash and Matt Boney, aired 1st February 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep04.
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(a) Episode 4 (14:56) (b) Episode 4 (16:07)

Figure 5.13: Stills from Ash and Boney, The Computer Programme,
episode 4, ’It’s On The Computer’, aired 1st February 1982, on BBC Two.

aswell as invoices for patients and staff as demonstrated in the images of
figure 5.13. Food was cooked in batches per ward as Gill showed inside
the kitchen, meaning it arrived fresh at precise times during the day. This
systemwas introduced at the Queen Alexandra hospital in Portsmouth in
1979 and provided a great return on investment.

Another example of computer applications in the health sector was
themedical expert system shown in episode eight and tested at the Saint-
James hospital in Leeds where a patient was interviewed about symp-
toms and medical history by a research assistant, or in other cases by a
doctor, nurse, or medical student. She collected patient information and
entered the data into the microcomputer. The program then compared
symptoms with other patient data and predicted a diagnosis which was
printed out for the doctor to check. Although the man designing the sys-
tem was aware of people who believed “the computer should be made
to try and think like a doctor,” he considered the doctor as the focal point
of the program because only he had the full picture and could make the
final decision. The designer repeatedly gendered the doctor asmale, and
the nursing sister as female.64

64. The Computer Programme, episode 8, ’The Thinking Machine’, directed by Matt
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One of Gill’s final examples of computers used in daily life lead her
to visit a sewage plant where Portsmouth polytechnic engineers were ex-
perimenting to optimize the environment for microorganisms playing a
key role in the purification process. The difficulty was converting analog
signals for amotor controlling a floppy pipemanaging the flow of sewage
to digital signals using expensive interface units, whereas the computer
itself was cheap (see figure 5.14). The Total Organic Carbon Analyser
to measure the efficiency of microorganisms was also expensive. “Re-
searchers in Portsmouth hope for huge financial savings if they can pro-
cessmore sewage faster, without a drop in the quality of the endproduct.”
As Chris concluded the segment he remarked “a personal computer pro-
viding a real public convenience.”

Many examples of computers impacting daily lives focused on trans-
port, health, or utilities. These were application domains in which com-
puters played a role long before the introduction of the microcomputer.
What the television program does convincingly convey though is that al-
though we may not directly use the computer, they still influenced situ-
ations in daily life profoundly even during the 1980s. Presumably, these
examples were less threatening to the envisioned casual viewer.

1980s perspectives on the past, present, and future of comput-
ing
Finally, The Computer Programme lends itself to both a textual and visual
discourse analysis concerning the history of technology, theway in which
both presenters and users anthropomorphise the computer, the future of
computers and their influence on existing occupations as envisioned dur-
ing the 1980s. Although the historical examples of computers featured
throughout the television series are neither accurate nor in and of itself
valuable to my particular research, they illustrate trends in the history of
technology and provide a perspective on the role of computers common
to the 1980s.
Boney and Frank Ash, aired 1st March 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep08.
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Figure 5.14: Still fromAsh andBoney, The Computer Programme, episode
9 (10:51), ’In Control’, aired 8th March 1982, on BBC Two.

Evolutionor revolution? TheComputerProgramme’shistorical discourse.
Fitting into the national discourse and continuous history of technology
debate, Chris ended the introduction of the first episode with “don’t ex-
pect the computer revolution to happen tomorrow, it’s happening now.”
In 1988 historian of computing Michael Mahoney critically examined the
analogy of “the microcomputer as an object of mass consumption” and
“software systems as objects of mass production.” Both analogies stress
the notion of a computer “revolution as profound as that triggered by
the automobile,” and Ford’s Model T in particular. The historical concept
of revolution however warrants precaution since the new emerges from
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the old and remains “embedded in the worlds of science, technology, in-
dustry, and business which structured computing.”65 In the final episode
Chris reflected on the computer revolution as he walked down a city road
in the following monologue:

Doesn’t really look as if there’s a revolution going on, does
there? In fact, everything seems perfectly normal, as if the
world has always been like this, but it hasn’t. The world our
grandparents were born into was a very different place and
yet it’s amazing how quickly people can adapt to change.66

The generational gap betweenpotential computer users and their per-
ceived competence in computer literacy was obvious from the assump-
tions made by Aubrey Singer, Managing Director of BBC Television in the
introduction of Towards Computer Literacy. In August 1983 he believed
there was “a generation gap. The young are ahead of the old. The world
of computers is rapidly becoming the province of the schoolchild and the
young adult.”67 The results of the broadcasting research study however
did not indicate a lack of interest from an older audience. In fact people
aged 45 years and older made up 48% of viewers.68 Thus although Chris
emphasised the notion of revolution through a generational comparison,
the older generation was not necessarily behind on the times so to speak.
The juxtaposition of normal and change yet again invoked a sense of rev-
olution. However, Chris did not question the human ability to adapt to
change.

Thehistorical examples counteract thediscourseof change somewhat
by focusing on principles that remained stable throughout history. After
the title sequence, the first episode of The Computer Programme began
with sunrise at Stonehenge tracing back the origin of computers to pre-

65. M. S. Mahoney, “The History of Computing in the History of Technology,” Annals of
the History of Computing 10, no. 2 (April 1988): 14, https://doi.org/10.1109/MAHC.
1988.10011.
66. The Computer Programme, episode 10.
67. Radcliffe and Salkeld, Towards Computer Literacy, 4.
68. Radcliffe and Salkeld, Towards Computer Literacy, 47.
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historic times. Mac explained the reasoning behind such a far-fetched
connection betweenmicrocomputers and a large prehistoric stone struc-
ture.

For many centuries man has searched for tools to help him
with complex calculations. […] Recently a theory has emerged
that [Stonehenge] was built 5000 years ago as a complex as-
tronomical computer to calculate the movements of the sun
and the moon.69

The theory was published first by astronomer Gerard Hawkins in Na-
ture in 1963. Thus the visual reference to Stonehenge that struck me in
the announcement of IBM’s System/360 fitted with the popular and at
the time recent research of professor Hawkins, which was furthermore
calculated using an IBM704. Archaeologists even at that time have ques-
tioned his findings, thus to state that Stonehenge was an astronomical
computer in the introduction of a 1981 television series without ques-
tioning the theory relies more on popular opinion rather than continued
scientific debate.70

AlthoughMac recognizedhow far-fetchedsuchacomparison to1950s
large scale computers seemed, he mentioned several similarities: “very
few people understood how they worked,” both systems became redun-
dant, and one application of computers bears a similar function to Stone-
henge, instead of predicting the seasons, computers were still used to
predict the weather.

Several computer exhibitions at museums have traced the history of
computing back at least 2000 years. The first example is Revolution: The
First 2000Years of Computing at theComputerHistoryMuseum (CHM)de-
veloped in 2011.71 The exhibition at the Heinz-Nixdorf museumsForum

69. The Computer Programme, episode 1.
70. Mike Pitts, “Gerald Hawkins: Astronomer who claimed Stonehenge was a Com-
puter,” The Guardian, July 2003, chap. Higher Education, http://www.theguardian.
com/news/2003/jul/24/guardianobituaries.highereducation.
71. Revolution: The First 2000 Years of Computing, accessed April 22, 2021, https://
computerhistory.org/exhibits/revolution/.
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(HNF) opened in 1996 similarly traced computer concepts back to antiq-
uity.72 At the Deutsches Museum (DM) the Informatik exhibition dating
back to 1986 started from analog calculators.73

The key error of historic interpretation in labeling Stonehenge as an
astronomical computer and then comparing it to 1950s computers re-
sults from a teleological interpretation of events that anachronistically
places the origin of technology in a context of time and place in which no
such concept or tool existed. Lucien Febvre labels anachronistic interpre-
tation as the capital sin of any historian.74 According to Lorenz’ classifi-
cation of anachronisms, Mac’s Stonehenge example commits the capital
crime of factual anachronism in combination with an anachronism of lan-
guage inwhichpeople “use contemporary vocabulary in order to describe
and understand past phenomena.”75

Several other historical examples cited throughout The Computer Pro-
gramme trace the history of computing back to the use of punch cards
in different contexts. In the second episode, Macmoved from amechani-
cal violin or violano-virtuosowhich playedwhen you inserted a nickle and
was driven by a roll of paper to punch cards and eventually the jacquard
loom (figure 5.15). Mac then explained the principle of the jacquard loom
that is often linked to computing. Information was stored on punched
cards where holes would result in threads being lifted, generating a dif-
ferent weaving pattern for each cardwhich corresponds to the binary sys-
tem used by computers.

In the third episode, anothermusical instrumentdrivenbypunchcards
was introducedbyMacat a reenactment fair for steamengines: the steam

72. Vorgeschichte des HNF, accessed April 22, 2021, https://www.hnf.de/das-
hnf/vorgeschichte.html.
73. Mathematische Instrumente und analoges Rechnen, accessed April 22, 2021, https
://www.deutsches-museum.de/ausstellungen/kommunikation/informatik/
analoges-rechnen/.
74. For a more extensive review of the concept of anachronism in historiography, see
Georgi Verbeeck, “Anachronism and the Rewriting of History: the South Africa case,” The
Journal for Transdisciplinary Research in Southern Africa 2, no. 1 (April 2006): 181-185,
https://doi.org/10.4102/td.v2i1.314.
75. Verbeeck, “Anachronism and the Rewriting of History,” 184-185.
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(a) Episode 2 (09:23) (b) Episode 2 (09:51)

Figure 5.15: Stills from Ash and Boney, The Computer Programme,
episode 2, ’Just One Thing After Another’, aired 18th January 1982, on
BBC Two.

organ. Next, Chris and Mac were exploring the British Science Museum’s
annex and listening to computer music from a Ferranti computer. When
Chris asked Mac about the similarities between the steam organ and the
Ferranti computer, Mac explained that instructions on punch cards were
simply replacedby ferrite coresonboards.76 Actual punchcardmachines
were only introduced in episode four with a 40-column card sorter from
Powers-Samas. Mac explained how it functioned using the example of an
age analysis for the United States census.

In episode five on new media, Mac took viewers on a visit of a re-
constructed Western village dressed up like a cowboy where he listed
changes in communication. From mail by mule train taking fifty-three
days, to stage coach introduced in 1858 taking only twenty-three days
between San Francisco and St. Louis, followed by a pony express ser-
vice for urgent messages taking six and a half days for 3.000 miles, he
ended the list with the telegraph. The telegraph “revolutionised commu-

76. The Computer Programme, episode 3, ’Talking To A Machine’, directed by Matt
Boney and Frank Ash, aired 25th January 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep03.
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nications” and its principles had “hardly changedover the last 150 years.”
Again Mac emphasised continuity rather than change.

Science Fiction and Anthropomorphising the Computer Aside from
the notion of the computer revolution and the discourse of a determin-
istic history of technology, a third theme emerging from the television
series is illustrated by a monologue from Chris in the third episode on
programming languages.

I suppose the most daunting thing about computers is this
business of communicating with them. There’s the machine,
and I’m supposed to talk to it. I say talk but it’s more amatter
of writing it little notes, you type little memos into it.77

He identified interacting with the computer as daunting for non-experts
like himself and alternated between communication discourse of talking
with and writing to the machine. It almost seems as though the com-
puter is another actor in the social interaction on equal footing with the
human user, two entities engaged in a conversation. In the same decade
sociologists introduced Actor-Network Theory which considers artefacts
as “active social actants endowed with a history and a collective career
(...).”78 In a network actants, whether human or artefact are independent
mediators of events which are “neither completely a cause nor a conse-
quence.”79 Continuing this discourse, Chris explained the concept of lan-
guages as computer experts call them, but immediately adds that “they
don’t seem much like any language we humans speak,” thus the user
never forgets they are “talking to a machine.”

77. The Computer Programme, episode 3.
78. Bruno Latour, “Social Theory and the Study of ComputerizedWork Sites,” in Informa-
tion Technology and Changes in Organizational Work: Proceedings of the IFIP WG8.2 work-
ing conference on information technology and changes in organizational work, December
1995, ed. Wanda J. Orlikowski et al., IFIP Advances in Information and Communication
Technology (Boston, MA: Springer US, 1996), 301, doi:10.1007/978-0-387-34872-
8_18, https://doi.org/10.1007/978-0-387-34872-8_18.
79. Latour, “Social Theory,” 304.
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AsMac explained the concept of programs, the attribution of a human-
like conscious to the machine is illustrated through both a visual and tex-
tual discourse. First, to illustrate that a program is always checking key-
board activity, the camera was positioned inside of the computer filming
both presenters staring into the lens through the computer screen (figure
5.16). Chris then rephrased Mac’s explanation in his own words as “so
deep down in this machine’s subconscious, implanted there is the mes-
sage ‘Make A on the screen.’” The word subconscious thus implies that
Chris attributes humanoid characteristics to the machine.

Donna Haraway’s Cyborg Manifesto references science fiction’s “hy-
brid ofmachine and organism, a creature of social reality aswell as a crea-
ture of fiction” in the context of socialist-feminist culture and theory.80
The concept of cyborg rooted in science fiction helps explain the crucial
boundary breakdowns between animal-human (organism) and machine
noticeable in the television series discourse. According to Haraway, ma-
chines - and in this case microcomputers - blur “the difference between
natural and artificial, mind and body, self-developing and externally de-
signed (...). Our machines are disturbingly lively, and we ourselves fright-
eningly inert.”81

The link between computers and science fiction was never far away,
since at the end of episode four on data retrieval, RexMalik expressed his
concern that soon an “electronic big brother” from administration would
be able to access data fast, easy, and cheap. He suggested the creation of
laws, customs, and procedures to prevent data from falling in the wrong
hands or beingmisused. “Whatworriesme is not that Big Brother will get
it right, but that he will get it wrong,” Rex said, explaining a twenty year
old principle of “garbage in, garbage out.”

Gill Nevill’s interview with Brown Smith in episode six made the dis-
course of the anthropomorphic computer most explicit. He explained

80. Donna Haraway, “A Cyborg Manifesto. Science, Technology, and Socialist-Feminism
in the Late Twentieth Century,” in Sex / machine: readings in culture, gender, and technol-
ogy, ed. Patrick D. Hopkins, The Indiana Series in the Philosophy of Technology (Bloom-
ington: Indiana university press, 1998), 434.
81. Haraway, “A Cyborg Manifesto,” 437.
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Figure 5.16: Still fromAsh andBoney, The Computer Programme, episode
3 (07:21), ’Talking To A Machine’, aired 25th January 1982, on BBC Two.

that the programwould “suddenly zoom off to the side and have its lunch
and comeback again.” As a result, some of the programmers felt the urge
to “thump it if it wasn’t going to work right.” I believe many people still
recognize the feeling of wanting to throw their computer out of the win-
dow or smash it when it seems to taunt us. However, as Brown under-
stood, the mistake in the program was his responsibility. The computer
merely executed his instructions. Despite his self-reflexive reaction of re-
alising how he anthropomorphised the computer, he still considered the
computer to be his pupil. “As it made each mistake we learned how to
make it do better, and in essence taught it what of course we were doing,
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[which] is teaching ourselves.”

At the start of episode eight as Chriswas trying to solve aRubik’s cube,
he reflected on the ideal computer which would be able to solve a prob-
lem by itself. Or with another reference to popular computer discourse,
the type of computer “they write about in science fiction stories: the
thinkingmachine.” In the same episode Chris andMac discuss a naughts
and crosses game where the computer learned from experience. Mac
believed that the advantage computers had over humans in this learning
process, was that the computer had “a capacity of never forgetting any-
thing once it’s been told.” The notion of forgetting implies a human error
of the brain, a form of memory loss or simply human nature. Learning by
being told also invokes a classic classroom setting of a teacher speaking
and a pupil listening. Again the constant comparison between computers
and humans continued.

As Chris analysed the goal of computer scientists “to createmachines
which think like people do,” I wondered: Do people anthropomorphise
machines because they project themselves onto machines, or because
computer specialists purposely design computers to reflect human in-
telligence? According to professor Roger Shank from the university of
Yale the latter answer is correct. During the interview he explained that
the first goal was for computers to “mimic human being,” and eventually
build computers that surpassed human intellect. Interestingly, the oppo-
site reasoning arose from his research as his respect for human capabili-
ties grew while trying to equal human intelligence.

InA (Very) BriefHistory of Artificial Intelligenceprofessor emeritusBruce
C. Buchanan explains the relation between artificial intelligence (AI) and
“philosophy, fiction, and imagination.” While intelligent machines from
a philosophical perspective serve “as a literary device to help us define
what it means to be human,” science fiction writers create “the fantasy
of intelligent non humans” and allow readers to reflect on their own hu-
man characteristics. Computers are used in AI as experimental devices
to understand intelligent thought with the famous Turing test evaluating
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whether a program behaves intelligently or not.82
A postgraduate student of professor Shank explained the difficulty of

interpreting text for a computer. Chris read out the quiz questions posed
to the program to see “that the machine has in some way understood
what’s been fed into it.” Although these programs were “capable of un-
derstanding within limited domains,” as professor Shank discussed, they
could not “talk about everything” or “have opinions on life.” The philo-
sophical or all-knowing computer did not exist in the 1980s, but the idea
of developing intelligentmachines had been around for almost half a cen-
tury. Vannevar Bush’s essayAsWeMay Think suggestedmodeling a hypo-
theticmachine called aMemex in parallel to the functioning of the human
mind, through association.83

When Gill askedmr. Tim Dedomble whether he considered his expert
program predicting the medical diagnosis of patient to be artificial intel-
ligence, he made the most direct reference to science fiction yet. He did
not consider his program to be artificial intelligence, based on a compar-
ison to two science fiction characters he did consider to have artificial
intelligence (Big Brother from the book 1984 by George Orwell - whom
Rex Malik also referenced earlier, and Hal from the science fiction book
and movie 2001: A Space Odyssey which came out in 1968). Instead, he
compared his program to R2D2 in Star Wars “whose function was sim-
ply to carry information to the right point at the right time and enable the
people concerned to make a winning decision.”

The Future of Computing and Occupational Segregation Finally, The
Computer Programme clearly tried to address people’s concern regarding
the effect of computers on existing occupations. At the end of episode
five Chris predicted that computers would change our everyday life re-
sulting in people working from home, shopping and banking via the ter-
minal. RexMalik did not expect computers to supplantwhat camebefore.

82. BruceG. Buchanan, “A (Very) Brief History of Artificial Intelligence,”AIMagazine 26,
no. 4 (December 2005): 53-56, https://doi.org/10.1609/aimag.v26i4.1848.
83. Vannevar Bush, “As We May Think,” The Atlantic, July 1945, https://www.theat
lantic.com/magazine/archive/1945/07/as-we-may-think/303881/.
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Books and paper would not disappear, but their role would change. He
believed the peopleless office to be an illusion saying that offices were
needed “to fight, to argue, to discuss, to compete.”

Mac in turn used the agricultural revolution as a historical example of
a technical revolution in the final episode. From oxen to horses plough-
ing the field under human direction to machines directed by fewmen cul-
tivating vast amounts of land, the next step in the process would be for
machines to work the land without human direction. He deduced that as
a general rule in the productive industry the “introduction of automation
reduces the workforce but allows for greater flexibility of manufacture.”
In otherwords, Chris concluded the following: “Wherever there is a repet-
itive job to be done, even one involving considerable skill, somebody will
device a machine to do it better, cheaper, and faster.”84

Contrary to Gill’s assertion that some skilled jobs such as dairy farm-
ing would continue to require the human touch, Chris listed the advan-
tages of a microcomputer over human labour based on its lower cost,
higher reliability (“it never forgets”), long working hours, and low power
consumption (less than a 60 watt light bulb), whereas humans needed
light and heating while working. He ended themonologuewith computer
vocabulary I encountered in theprevious chapter aswell: “In otherwords,
it’s the perfect slave.” The difference with the reference to master-slave
relations in the Digital Equipment Company (DEC) manual is that Chris
is not discussing the relationship between computer components, but
rather the computer as a slave of the employer, and by extension the
employee as replaceable by the computer. If I were to extend this argu-
ment further, the underlying idea is that an employee merely serves an
employer in a master-slave relationship. The question is, does computer
jargon reflect human relationships, or has it started to shape them?

Rex criticised the job of women sorting payment slips in the clear-
ing centre and was glad to see this particular type of job disappear since
he considered people “too precious a resource to waste on mechanical
work” and believed other jobs to be more fulfilling for the employee and

84. The Computer Programme, episode 10.
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“of greater worth to society.” Information handling was thus not fulfill-
ing nor very useful to society according to Rex. In fact he went as far as
to quote Norbert Wiener and thus answering my previous question. “Any
labour that accepts comparisonwith slave labour, accepts the conditions
of slave labour and is essentially slave labour.”85 Computer specialists
thus considered certain types of labour, and in this case an occupation
that was particularly gendered female, as slave labour which should be
replaced by computers.

Charles Lekt, chairman of the Advanced Computer Techniques Cor-
poration in New York thought tasks done by office workers were better
done by machines and believed this type of work to be “dehumanizing
their daily existence by asking them to do things, to be at a place they
don’t want to be, at a time they don’t want to be there, to do what they
don’t want to do.” But if tasks could be done by a computer, then people
could create. “Man’s future will be enormously dignified by the employ-
ment of tools to improve his productivity and to decrease cost.” Thus
Charles considered tasks that could be passed to computers dehumaniz-
ing when done by people, thus reversing the perspective of people who
anthropomorphized the computer to the computer tasks as dehumaniz-
ing to humans. He believed offices and office hours were preventing of-
fice workers from creating. In his view very few jobs would survive, but
the jobs that would survive were more creative.

The Computer Programme’s discourse regarding the computer revo-
lution invoked the sense of urgency reflected by government initiatives
and The Computer Literacy Project as a whole. Historical examples and
references to science fiction, as well as the anthropomorphizing of com-
puters fitted into the popular discourse of the 1980s. What concerned
memost was the discourse regarding the negative consequences of com-
puters on occupations which the presenters emphasized especially for
female-dominated occupations. In reality, it would take quite some time
before people could receive their BBC Micro. Furthermore, the computer
itself found its way into schools rather than business.

85. The Computer Programme, episode 10.
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5.1.2 From launch todeliveryandeventually success
Launch

In February 1981 Acorn won the bid and started the development and
production of the BBC Microcomputer System. The BBC anticipated a
minimumdemandof12,000microcomputersduring the three initial trans-
missionsofTheComputer Programme. In fact, thefirst transmissionneeded
to be postponed from November 1981 to January 1982 “to ensure that
the machines would be ready by the launch of the television series.” The
programming language BASIC was only finalized in September and the
first users within the BBC were eagerly awaiting the computer. The tele-
vision production team needed to plan demonstrations for studio record-
ings by November, and the project editor needed a BBC Microcomputer
to produce the user guide and develop the software demonstration. By
November 1981 the microcomputer was “demonstrated at various exhi-
bitions, and extensively reviewed in the technical press,” leading tomany
inquiries for the Broadcasting Support Services (BSS). In addition, late
night transmissions of the television show aimed at a more general au-
dience were postponed by another five weeks to alleviate an unexpect-
edly high number of orders from favourable early reviews, the high spec-
ification, and the DTI Micros in Schools scheme which provided first sec-
ondary, then primary schools with BBC Micro model A computers at a re-
duction of 50%. Other educational users were given priority through the
Microelectronics in Schools program since “many schools and colleges
had planned the television series into their timetables.” By Christmas
1981 12.000 BBC Microcomputers were ordered through cash post be-
fore the television program even aired. In January 1982 50 journalists
were invited to the launch of the project where sixteen microcomputers
displayed the Welcome Package demonstrating software.86

Unfortunately only a few months after the launch of the BBC Micro-
computerAcornandBBCEnterprisesneeded toannounceaprice increase.

86. Radcliffe and Salkeld, Towards Computer Literacy, 16-17, 30-31. More information
about both government schemes is provided in section 5.1.4.

267



EDUCATING THE NATION

Due to “the need for particularly rigorous test procedures and various in-
creases in component costs” the price for a basic model (A) increased to
£299 from February 1982 onward and to £399 for the enhanced BBC Mi-
cro (model B), a price increase of £64.87 Although the Acorn spokesman
attributed the price increase to improvements made, the original price of
two hundred pound sterling before taxes was far below market value.88

Delivery Issues
By Christmas 1981 the first 69 BBC Micro’s model A were delivered to
schools through the DTI, whereas 535 were originally scheduled for 23
November. Furthermore, 1000 microcomputers were meant to be dis-
tributed on 30 November for the BBC priority list but by February 1982
they still hadn’t arrived. As a result education courses were postponed.
Theparticular component that causeddelayswas “theuncommitted logic
array-chips supplied by Ferranti” which failed quality control in larger
tests.89 “Production would only reach 1000 per week by the end of Jan-
uary 1982. Furthermore, the 12,000 outstanding orders placed as early
as the beginning of November could only be cleared by the end of March
1982.”90

Beebug magazine’s first editorial in April 1982 explained the dire sit-
uation as follows:

Far toomanywould-be users suffer the frustrating experience
of having waited up to 7 months for a machine, only to dis-
cover when it finally arrives that it doesn’t actually work. This

87. Press release, ’BBC Microcomputer to cost more’, 27 January 1982, folder
R103/113/1, BBC Microcomputer Acorn Computers Ltd Part 1, BBC Written Archives
Centre, Reading (hereafter cited as BBC Microcomputer); John Radcliffe, memorandum,
’BBC Continuing Education Television. The BBC Microcomputer System. Some Further
Questions Answered’, 24 February 1982, folder R103/113/1, BBC Microcomputer.
88. David Graham and Sheridan Williams, “Editorial,” Beebug 1, no. 1 (April 1982): 3.
89. Donald Grattan to McNichol, ’BBC Micro-computer’, 2 February 1982, folder
R103/113/1, BBC Microcomputer.
90. Press release, ’BBCMicrocomputer to cost more’, 27 January 1982, BBCMicrocom-
puter.
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has happened to a number of our members, whose general
experience was that faulty machines were not replaced with
any great haste91

As the delivery delays were harmful to the reputation of the BBC de-
spite the fact that Acorn and its supplierswere held responsible, two tem-
porary staff members were hired by the BBC to handle complaints and
restore their reputation.92 Furthermore, the use of the BBC name by a
marketing house appointed by Acorn was questioned by some of the cus-
tomers as a way to “hide behind the name of the BBC” while providing a
dissatisfying service. Whereas the contract clause preventing Acorn from
using their own name in advertising was meant “to prevent them exploit-
ing this BBC connection to gain broader, gratuitous benefit.”93

ByMay 1982, the delay for BBCMicromodel B computers had risen to
twenty-one and a half weeks with 12,585 outstanding orders. The back-
log of Model B computers could have far reaching consequences to the
BBC: “the badP.R.would continue, theD.O.I. schememay not include the
BBC Micro in primary schools, a user base of 53,000 machines would be
inadequate to support the publication of a range of software, the dealer
network might suffer and the use of BBC Basic looked vulnerable.”94 By
the end of May 1982, Acorn had finally found a third manufacturer in
the United Kingdom and was negotiating the final contract. Furthermore,
this manufacturer would deal with orders from educational customers
for a small number of model computers including disk and network inter-
faces.95

91. Graham and Williams, “Editorial,” 3.[.
92. John Harrison to Sheila Innes, ’Late Delivery of the microcomputer’, 8 March 1982,
folder R103/113/1, BBC Microcomputer.
93. Michael Harrison to G.G. Del Medico, ’BBC Microcomputer System’, 22 March 1982,
folder R103/113/1, BBC Microcomputer.
94. Jean Nunn, minutes, ’Informal Notes of the Special Meeting convened by C.E.B to
discuss the BBC Microcomputer’, 1 June 1982, folder R103/113/1, BBC Microcomputer.
95. Minutes, ’Notes of a Meeting with Acorn Computers Ltd. in London on Friday
28th May 1982 to Discuss Progress of the BBC Microcomputer’, 1 June 1982, folder
R103/113/1, BBC Microcomputer.
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Customer relations were handled by three different companies. The
Broadcasting Support Services (BSS) of theBBCwere responsible for pro-
viding information about the Computer Literacy project, sending “out a
rangeof literature, including abrochureandorder form for the computer.”96
The BBC Micro was accompanied by a welcome cassette and more soft-
ware from BBC Publication would follow in June 1982 starting at £10
each.97 BL Marketing would receive the orders and answer “enquiries
regarding delivery dates,” whereas Acorn was supposed to handle “re-
quests for additional information about the computer.”98 However, Acorn
could not handle the unexpected amount of correspondence and phone
calls.

By 12 May 1982 the BBC was worried about the future of the project
for several reasons. Not only did theBBCMicro show “an unwelcome rate
of failure,” but “the Acorn follow-up service appears unreliable.” Given
the BBC’s involvement with a new television series underway and the
software under development at BBC Publications as well as future in-
come for Enterprises, anurgentmeetingwas scheduled todecideon “sub-
stantial remedial action.”99 Regaining the trust of customers required
“good hardware and software for some years.” Despite all Acorn’s “faults,
they are a brilliant design team,” so the BBC wanted to establish trust
again and plan for the future.100

By the end of May 1982 the weekly orders from the BBC Micro had
dropped from 1.000 to 800 a week, “a reduction undoubtedly due to ad-
verse publicity, and the fact thatwehavenot been able to authoriseAcorn
to advertise while the backlog is so large.” The delivery of Model B’s was

96. TomWymer to Donald Grattan, ’BBCMicro: Customer Relations’, 6May 1982, folder
R103/113/1, BBC Microcomputer.
97. John Harrison, memorandum, ’BBC Microcomputer’, 11 May 1982, folder
R103/113/1, BBC Microcomputer.
98. Tom Wymer to Donald Grattan, ’Customer Relations’, 6 May 1982, BBC Microcom-
puter.
99. Donald Grattan to Bryon Parkin, ’BBC Micro-computer: BBC Software: BBC Com-
puter Literacy’, 12 May 1982, folder R103/113/1, BBC Microcomputer.
100. David Allen, memorandum, ’BBC Microcomputer’, 7 May 1982, folder R103/113/1,
BBC Microcomputer.
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most impacted by the backlog, resulting in a delay of 18 weeks. Legally,
theBBCwas allowed to end the collaborationwith Acorn and find another
manufacturer. In practice, the corporation did “not own the design of
the microcomputer, nor [did they] contribute substantially to its devel-
opment.” Thus, by combining “diplomacy and pressure,” the enterprise
hoped to convince Acorn to accept the plan suggested by the BBC and a
consultancy firm.101

By the second half of June 1982 the BBC analysed several consul-
tancy reports and suggested action points to improve the relationship
with Acorn. Given the “serious weaknesses” in Acorn’s production of the
BBC Micro, the BBC proposed to appoint two engineers “to inspect the
operations of the factories, to maintain quality control including compo-
nent quality and test facilities, and monitor production against forecast.”
Furthermore, BBC Enterprises wanted to be involved in negotiations with
sub-contractors and to include “penalty clauses and time-schedules” in
these contracts. In terms of development, an “updated specification for
the Microcomputer, and full design specifications of the add-on units”
were urgently needed in combination with “detailed planning charts.”102
Acorn had “no objection the BBC being involved and party to general in-
formation about the developments and financial matters” in relation to
the BBC Microcomputer but rejected a full financial analysis. As for in-
stalling a Project Controller, Acorn was already in the process of hiring
someone, albeit with even more responsibility and “access to financial
information.”103

The matter of replying to technical inquiries was still a point of de-
bate but Acorn did accept the regular detailed progress information. In
fact, Acorn felt that given the high number of technical enquiries which

101. David Allen, John Radcliffe and Roy Williams, memorandum, ’BBC Computer Liter-
acy Project. Relations with Acorn Computers Ltd’, 20May 1982, folder R103/113/1, BBC
Microcomputer.
102. John Radcliffe, memorandum, ’BBC Microcomputer System. Development, Produc-
tion and Distribution’, 20 July 1982, folder R103/113/1, BBC Microcomputer.
103. Donald Grattan, minutes, ’Microcomputers: Discussions with Acorn’, 17 August
1982, folder R103/113/1, BBC Microcomputer.

271



EDUCATING THE NATION

were time consuming to respond to and the BBC’s further advertisement
to the micro and its peripherals in the second TV-series of the Computer
Literacy project, the BBC should take responsibility for themajority of en-
quiries.104 Enterprises finally did allow advertising of the BBCMicrocom-
puter in the United Kingdom starting from the middle of September on-
ward. However, by the time Acorn was catching upwith the development
of peripherals such as the teletext receiver deemed of key importance to
distribute software the roles were reversed. BBC’s Designs Department
wanted Acorn to stall production so that the BBC could “produce the tele-
software.”105

In another consultancy report from Deloittes, BBC Enterprises exam-
ined its own role in the project. A draft of the report mentioned that the
BBC failed to adequately assessmarket potential. Amistakewhich could
have been prevented with “a detailed market research survey.” In hind-
sight the original estimate of 12,000 microcomputers rose spectacularly
to a demand of around 100,000 microcomputers. Furthermore, despite
working with third parties, the report points out that “in the eyes of the
public, [BBC Enterprises] is responsible for all projects with which it is
associated.”106

Enterprises continued to worry about “Acorn’s financial status” since
the company owed the BBC £300,000 and had asked the BBC “to guar-
antee the cost” of advertisement in Radio Times worth £19,000, which
Enterprise refused.107 BBC Publications went as far as to refuse “any
further supplies of either the User Guide or the Welcome Pack until set-
tlement of outstanding invoices” was completed.108 Acorn owed Pub-

104. Donald Grattan to John Radcliffe, ’BBC Microcomputer: Technical and Other
Queries’, 19 August 1982, folder R103/113/1, BBC Microcomputer.
105. F. Gordon Parker to Bryon Parkin, ’BBC Microcomputer System’, 6 October 1982,
folder R103/113/1, BBC Microcomputer.
106. Deloitte, report, ’The BBC Microcomputer Project Draft’, n.d., folder R103/113/1,
BBC Microcomputer.
107. Jon Holmes to Donald Grattan, ’Acorn’, 11 October 1982, folder R103/113/1, BBC
Microcomputer.
108. R.C.S. Chown to JimMerriman, 12 October 1982, flder R103/113/1, BBCMicrocom-
puter.
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lications “£246,821.75 of which £235,051.75 is overdue” for material
supplied between June and September 1982. In order to avoid further
delays BBC Publications agreed to continue supply, but was unwilling to
retroactively lower its prices and only willing to discuss future prices.109
On 16May 1983 BBC Publications reached an agreementwith Acorn con-
cerning the licensing of theWelcomePack and theUserGuide for theBBC
Microcomputer for 40p a piece. The BBC still retained the right to “re-
quest editorial changes” and quality control, as well as the right to con-
tinue printing and selling the User Guide and Welcome Pack itself.110

Success

By June 1983, roughly two and a half years after the launch of the BBCMi-
cro, Acorn had “manufactured and sold over 100,000 machines.” Aside
from the royalty of the BBC Micro, Enterprises generated additional in-
come through sales of the Computer Book and were bound to generate
more money “providing applications software packages” and publishing
Telesoftware through BBC Publishing.111

BBC profit from the sale of the machine amounts to £2 ½ m
at present. Worldwide sales of the two television series are
expected to generate a further £200,000 by the end of 1983.
Sales of books and software in the financial year ending in
March 1982 have produced a profit of £250,000 for BBC Pub-
lications.112

Interestingly, the future policy did not stress the need for additional
or improved hardware but rather considered that “the greatest incentive

109. John Holmes to D.F., ’Acorn Computers Ltd.’, 15 November 1982, folder
R103/113/1, BBC Microcomputer.
110. John Holmes to Hermann Hauser, ’Welcome Pack and User Guide for the BBC Mi-
crocomputer’, 16 May 1983, folder R103/113/1, BBC Microcomputer.
111. Memorandum, ’Future Policy for Microcomputer Hardware and Software Develop-
ments’, 9 May 1983, folder R103/113/1, BBC Microcomputer.
112. Memorandum, ’Future Policy’, 9 May 1983, BBC Microcomputer.
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to sustain and extend the sale and use of the hardware at home and over-
seas is a goodsoftware library.” Softwarehad“concentratedon the ‘home’
market,” however “60%of secondary and80%ofprimary schools”bought
the BBC Micro through the MEP. Since the BBC had received funding to
develop educational software, this became a priority in particular to “sup-
port and extend educational broadcasts.”113 By September 1983 the
BBC had “published 9 software packs” which ought to generate “a net
sales revenue of £1,213,000”with eleven additional packages underway
“with a projected revenue of £580,000.” Furthermore, the BBC planned
to develop fifteen software packages for schools.114

Funding from the DTI and the DES had contributed to “research and
evaluation of programmes, consultancy, software development (both for
Publications and Telesoftware), the Computer Referral Service, Public-
ity and Information, and Education Officer and Telesoftware posts.” Still,
funding only “represented less than 10% of the £2.9 million profit made
by BBC Enterprises.”115 Two years after the first deliveries of the BBC
Microcomputer more than 200,000 had been dispatched by 6 November
1983.116 By January 1986 the 500,000th BBC Microcomputer would be
presented at a BBC Microcomputer System Exhibition.117

5.1.3 The Beeb
The BBC Microcomputer System was also known informally as the Beeb.
Although I initially assumed that the nickname referred to the noise the
microcomputer makes when it switches on, the etymology of the word

113. Memorandum, ’Future Policy’, 9 May 1983, BBC Microcomputer.
114. John Holmes, memorandum, ’Future Policy for the Microcomputer: Software’, 26
August 1983, folder R103/113/1, BBC Microcomputer.
115. Donald Grattan to Bryon Parkin, ’The Future of the BBC Microcomputer: BBC Soft-
ware and Telesoftware’, 7 June 1983, folder R103/113/1, BBC Microcomputer.
116. JohnRadcliffe to DonaldGrattan, ’BBCMicrocomputer System’, 28November 1983,
folder R103/113/1, BBC Microcomputer.
117. Bob Coates to John Harrison, 10 October 1985, folder R103/101/1, Acorn Com-
puters BBC Master Series Micro - Exhibition and Launch, BBC Written Archives Centre,
Reading.
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mentionedbyMerriam-Webster traces thefirst useof thenounBeebback
to 1967 before the microcomputer even existed. Beeb was first used as
an informal shorthand for theBBC.118 ThenicknameBeebas used for this
section is clear from the title and first editorial of the Beebug magazine
in April 1982, where Beeb refers not to the BBC as such, but to the BBC
Microcomputer System in particular.119

This section centres around the microcomputer itself, from its incep-
tion as part of the Computer Literacy Project, to the prototype and leaflet
announcing the computer. The first part (5.1.3) is all about the design
phaseand the twocompanies that collaborated toproduce themicrocom-
puter.120 Sincemuch attention has gone to theBBC’s role in the project al-
ready, this sectionwill look intoAcorn’s history answeringhow it amassed
the capital, personnel, and resources to design and produce the com-
puter based on interviews with founders and Acornś BBC Micro design
team.

The second part (5.1.3) moves to the purchase, installation and use
phase of the life cycle, discussing configured user types based on sup-
porting materials, as well as the demographics of the people who bought
the BBC Microcomputer System initially. After a review from Beebug ma-
gazine which illustrates the struggles and positive experience of early
adopters, the technical descriptions provide a quick insight into the sys-
tem components.121

Finally, the user guide details the process of setting up the computer
and shows the difficult balancing act between reassuring noviceswhile at

118. Beeb, accessed April 18, 2021, https://www.merriam-webster.com/dictio
nary/Beeb.
119. Graham and Williams, “Editorial.”
120. BBCMicrocomputer System, September 1981, https://web.archive.org/web/
20200919202928/https://clp.bbcrewind.co.uk/media/bbc-microcompute
r-system.pdf.
121. DavidGrahamandSheridanWilliams, “Brief reviewof theBBCMicrocomputer,”Bee-
bug 1, no. 1 (April 1982): 5–7; BBC Microcomputer System Technical Specification, Issue
3, ed. R.T. Russell (BBC, September 1981), pp. 30-31, folder R103/113/1, BBC Micro-
computer; BBC Microcomputer System. Technical Description, (BBC, September 1982),
folder R103/113/1, BBC Microcomputer.
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the same time keeping expert users interested in section 5.1.3. Finally,
some of the pedagogical techniques and examples from The Computer
Programme discussed earlier (section 5.1.1) found their way into the user
guide.122 This section thus delves into research questions such as: How
was the BBC Microcomputer designed and who was it targeting? Who
could afford themicrocomputer and howwas it set up? How did the com-
puter function and what was it used for?

The Miracle of a Working Prototype
In the development phase of the Computer Literacy Project, the team re-
alised the potential of microcomputers for their cheap price whichmeant
that the audience could explore computer principles demonstrated in the
studio on their ownmachine. They recognized the use ofmicrocomputers
in various applications in education, for practical use and entertainment
at home, and as a cheap tool for data processing in small businesses. Ex-
isting microcomputers did not meet the requirements of the project, so
the team set a list of requirements in terms of hardware and software
aimed at educational use in particular. The ideal computer for the project
would need tobeaffordable, user friendly anda good learning instrument,
with a memory capable of supporting practical programs, with attractive
graphics and sound, and the potential to expand.123 Most microcomput-
ers had installed BASIC as a popular programming language for begin-
ners. The language thus fit with the new demographic microcomputers
appealed to.124

Although the Computer Literacy Project team agreed on BASIC in prin-
ciple, they criticised the lack of a software standard and wanted a well-
designed and structured version of the language to present in the televi-

122. JohnColl,BBCMicrocomputer SystemUser Guide, ed. David Allen (Cambridge: Acorn
Computers Ltd., October 1984), https://web.archive.org/web/2020091920294
9/https://clp.bbcrewind.co.uk/media/BBCUserGuide-1.00.pdf.
123. Radcliffe and Salkeld, Towards Computer Literacy, 13.
124. The Computer Programme, episode 3, ’Talking to A Machine’, directed by Matt
Boney and Frank Ash, aired 25th January 1982, on BBC Two. https://archive.org/
details/the_computer_programme_ep03.
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sion show, books, courses, and to install on the microcomputer linked to
the project. In the end, BASIC expert Richard Russell collaborated with
senior engineer David Kitson from the BBC Engineering Designs Depart-
ment to define the language specification for BBC BASIC. The language
needed to be approachable to the layman and structured so as “to en-
courage good practice in programming, but (...) powerful enough to be
developed in the future.”125 Because no existing machine met require-
ments, BBC Enterprises made the “radical step of having a machine spe-
cially developed for the project” with advice from the engineering depart-
ment.126

Acorn was included as one of the potential BBC Microcomputer Sys-
tem manufacturers.

[…] [They had a] proven track record of building rack-based
machines for research laboratories and a reputation for pro-
ducing reliable single-board machines. It had experience of
manufacturing largenumbers (having sold around10,000units
of their Atom) and it was well known to be working on a suc-
cessor machine, known as the Proton.127

TheArchives of IT organisation in theUnitedKingdomhas interviewed
Acorn’s co-founders, Hermann Hauser in 2018 and Chris Curry in 2016.
Hauser grew up near Tyrol in Austria and first visited Cambridge to learn
English at summer school. He obtained a degree in physics from the
university of Vienna and returned to Cambridge first to work on his PhD
in the Cavendish laboratory, and then as a research fellow in 1976.128
Chris Curry was two years older and born in Cambridge taking “A’levels
in Maths, Physics and Further Maths,” but choosing a Diploma of Technol-
ogy rather than a university education to start working sooner. He even-

125. Blyth, The Legacy of the BBC Micro, 12.
126. Radcliffe and Salkeld, Towards Computer Literacy, 14.
127. Blyth, The Legacy of the BBC Micro, 12.
128. Hermann Hauser, interview by Richard Sharpe, April 26, 2018, transcript, Archives
of IT, Offices of the Amadeus Capital, https://archivesit.org.uk/interviews/
dr-hermann-hauser/.
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tually started working at Sinclair Radionics in 1966 as an engineer. He
explained he would put Clive Sinclair’s ideas into practice and “lay the
printed circuit board out, test the components, put it all together in a kit
suitable for selling mail order,” and Sinclair would advertise the product.
Eventually Curry left Sinclair’s company to set up a consultancy called the
Cambridge Processor Unit Ltd. (CPU Ltd.) in 1977 together with Hauser
whom he met in bars, building products to order for the industrial mar-
ket, starting with processors for a gaming machine.129 Without any offi-
cial business plan, their vision was to participate in the microprocessor
industry.130

Hermann Hauser was introduced to computers by the Cambridge Uni-
versity Microprocessor Group (CUMG) and became interested in the mi-
croprocessor industry.

Computersuntil then […] had to live in anair-conditioned room
and were only accessible to PhD students or professors, and
you had to have special permission to use a computer. [In the
Cambridge University Microprocessor Group] you could build
one yourself and use it yourself. […] Ordinary people with an
interest in computing, could buy amicroprocessor and build a
sort of home brew kit, and compute.131

Hauser understood computing because of his basis in mathematics,
but his main role in the CPU Ltd. and later Acorn was to find passionate,
gifted peoplewhowere able to produce products and software, and keep-
ing them motivated.132 He found many people either volunteering time
in exchange for computer parts or actually employed by the company
through the CUMG and the Cambridge Computer Lab. Acorn was formed
in 1978 to cater to the consumermarket with the Atom single board com-

129. Christopher Curry, interview by Alan Cane, April 26, 2016, transcript, Archives of IT,
WCIT Hall, https://archivesit.org.uk/interviews/christopher-curry/.
130. Hauser, interview by Richard Sharpe.
131. Hauser, interview by Richard Sharpe.
132. Hauser, interview by Richard Sharpe.
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puter.133 Stephen (Steve) Furber had occasionally worked for Acorn and
had already developed designs for the next Acornmachine called the Pro-
ton which formed the basis for the BBC Microcomputer prototype.134

Christopher Curry had set up a meeting with the BBC to show a proto-
type of what became the BBC Microcomputer despite the fact that Steve
Furber was not convinced they could possibly develop a prototype within
a week. Hauser motivated Sophie Wilson by stating that Steve thought
it was possible, to which she eventually replied “if Stephen is in, I am
in,” and vice versa.135 Sophie Wilson transitioned in 1990 and still went
by the name Roger Wilson when she started working for CPU Ltd. and
later Acorn as one of the first official employees. She had met Hauser at
CUMGwhile she was studying mathematics at Cambridge University. Be-
cause she failed her second year, she switched to a one year computer
course while working for Hauser because of her experience in building
machines and designing her own circuitry for her personal home com-
puter.136 Steve Furber had studiedmathematics at Cambridge University
and had finished a PhD and a research fellowship at Emanuel College be-
fore officially joining Acorn in September 1981 to develop the BBCMicro-
computer further. When he agreed to work on the prototype he was still
employed as a research fellow, but was already involved with CPU Ltd.
and Acorn during his PhD after meeting Hauser at CUMG.137

Steve Furber had started sketching the Proton with a dual processor,
the 6502 circuit for front end input/output (I/O) processing, and a sec-
ond processor to improve computing capabilities. Only the first proces-
sor was originally included in Acorn’s proposal to the BBC with the op-

133. Curry, interview by Alan Cane.
134. Hauser, interview by Richard Sharpe.
135. Hauser, interview by Richard Sharpe.
136. SophieWilson, interview byDough Fairbarn, January 31, 2012, transcript, CHMOral
History Collection_IMLS_Grant, Computer History Museum, https://www.computerh
istory.org/collections/catalog/102746190.
137. Steve Furber, interview by Thomas Lean, 2012, An Oral History of British Science,
The British Library, University of Machester, https://www.bl.uk/voices-of-scie
nce/interviewees/steve-furber.
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tion to expand the computer at a later stage.138 According to Wilson the
two processor design came about because Curry and Hauser wanted the
Proton to serve the hobbyist and home computer market, whereas Andy
Hopper preferred a workstation. Prototyping for the BBC started on Mon-
day morning, with Furber mostly “drawing out the schematic of the BBC
machine.” Simultaneously the teamwas obtaining all parts including the
only four high-performance Hitachi direct random-accessmemory (RAM)
48/6 chips in the countrywhich servedboth theprocessor and thedisplay
controller. By Wednesday the “nightmare of building the thing, hundred-
chip machine” was underway and Hauser had asked Ramanuj Banerjee,
an expert from the Cambridge Computer Lab, to wire wrap the proto-
type which took until Thursday night. Wilson remembers that the pro-
totype still wasn’t working on Thursday evening, but she went home at
two in the morning to get some sleep. When she came back at eight am
on Friday, Hauser had suggested to cut an umbilical cable to the emu-
lator which somehow resolved the issue an hour earlier. Wilson found
the team sleeping on the floor, but the BBC Microcomputer prototype
was working. She then had only three hours before the BBC team ar-
rived to adapt the “Acorn operating system to run on this new hardware,
bootstrap BBC Basic, get a basic interpreter running on it,” and program
the cathode-ray tube (CRT) controller to display a random line on the
screen.139

Acorn convinced the BBC team with a prototype developed in under
a week by a team including Hermann Hauser, Christopher Curry, Steve
Furber, SophieWilson, and Chris Turner who “worked three days and two
nights non-stop to put a working prototype together.”140 When the BBC
arrived, “BASIC was running, with real programs, and by the afternoon
some graphics were working too.”141 Steve Furber added that the box to
hold the prototype was also designed by Friday which allowed the visi-

138. Furber, interview by Thomas Lean.
139. Wilson, interview by Dough Fairbarn.
140. Blyth, The Legacy of the BBC Micro, 13.
141. Blyth, The Legacy of the BBC Micro, 13.
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tors to get a better impression of the finished product.142 Chris Curry be-
lieves it was AndyHopper’s Econet designwhichworked onAcorn’s Atom
computer that convinced the BBC in particular, because it would allow
teachers to take over a pupil’s machine and write on their computer.143
Steve Furber’s comment puts this claim into perspective, since very few
schools could afford a classroom full of BBCMicrocomputers. When they
did upgrade from one computer to several computers, the network and
file servers did become more important.144 Aside from the impressive
prototype, the BBC appreciated Acorn’s “can do” attitude and got along
well with the team even going for drinks afterwards.145

Steve Furber recognized that having the BBC name attached to an
Acorn computer greatly improved their previous reputation as a small
Cambridge start-up creating interesting machines for hobbyists. How-
ever, their start-up identity was reflected in their “unique culture that al-
lowed the transfer of ideas into and out of the company.” In fact, many
people such as Furber were loosely associated with Acorn before being
employed by the company.146

The Learning System

In September 1981a short leaflet describing theBBCMicrocomputer sys-
tem was released. The system plan illustrated the differences between
Model A and Model B as well as options for expansion. The computer
itself consisted of a built-in keyboard, power supply, and speaker con-
nected to the input/output processor. Users could connect to their do-
mestic television or a video monitor, and use an audio cassette recorder
to load or store programs and data.147 Some options were only available
for model B including analogue inputs connecting laboratory equipment

142. Furber, interview by Thomas Lean.
143. Curry, interview by Alan Cane.
144. Furber, interview by Thomas Lean.
145. Blyth, The Legacy of the BBC Micro, 13.
146. Blyth, The Legacy of the BBC Micro, 19.
147. BBC Microcomputer System, 2.
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aswell as “games-paddlesor joysticks.” Other peripherals suchasR/G/B/Sync
colour monitors and printers could also be connected to Model B com-
puters without soldering in additional components. At any time the BBC
Microcomputer Model A could be expanded to a Model B.148

Other internal expansions available at purchase or afterwards by a
dealer were the floppy disk interface, the Econet network interface, cir-
cuits for voice synthesis, and an interface to attach read-only memory
(ROM) for high-level languages or for computer-aided design (CAD) and
Word Processing software. Aside from paddles, a cassette recorder, and
monitors and televisions, two types of disk drives andprinters, and a Tele-
text or Prestel acquisition unit could also be plugged directly into a BBC
Microcomputer provided that the correct interfaces were installed. Fi-
nally, two types of external second processors could add 60 K of RAM.
In the software description, the leaflet further emphasised the BBC Com-
puter Literacy Project’s desire to set a standard for BASIC by suggesting
that this version would be “very close to the Microsoft standard” with
extensions. Applications under development were very diverse ranging
fromeducational (ComputerAssisted Learning, Engineering Training, and
PrimarySchool), to entertaining (Games,Musical compositions), and from
practical business applications (Financial modelling, Income Tax, VAT)
to scientific applications (Astronomical predictions).149 The Econet net-
work was intended for schools and colleges to share printers and a disk
file server which were expensive. The network could also be useful in
offices and businesses and could connect up to 254 computers through
telephone cables over a maximum distance of one kilometre. Further-
more, network users could exchange messages, view the screen of oth-
ers or be prevented from interacting.150

The success of supporting materials for the BBC Microcomputer Sys-
tem illustrates the configured user the BBC aimed to reach through the
Computer Literacy Project. An important organisation contributing to the

148. BBC Microcomputer System, 5.
149. BBC Microcomputer System, 6-7.
150. BBC Microcomputer System, 8.

282



EDUCATING THE NATION

high demand for the BBCMicrocomputer Systemwas the NEC. This Cam-
bridgebasedcorrespondencecollege coincided their30-hourBASIC course
with the transmission of the television series. The NEC sold 100 000
copies of the handbook in the first nine months, and included around
2000 schools and colleges supporting the course. TheUserGuidewritten
by JohnColl fromAcorn and edited and published byDavid Allen from the
BBC in consultation with the BBC Continuing Education Advisory Council
was aimed at the computer novice and attempted to provide “a system-
atic instruction on how to use the machine.” To appease and interest the
more experienced users, the guide explained BASIC enhancements and
extensions. The Computer Book was used extensively in schools and col-
leges and mostly useful for beginners. Finally, The Computer Programme
was aimed primarily at adults, but “it was used in many schools, both
to introduce younger pupils to computers and as revision material for
pupils taking General Certificate of Education Computer Studies at Ordi-
nary Level and Advanced Level.”151 In short, supporting materials were
geared towardsdifferent users, but three configuredusers jumpout. First
and foremost, the entire project was geared towards education, and tar-
geted students from secondary schools and at college level. The BBC
also distinguished between two other types of users based on their level
of experience: novices and experienced users, or students at different
levels of education.

Initially, the BBC Microcomputer System was targeted at the home-
user rather than schools. “In 1982, the main user of the machine tended
to be middle-class men, who were under 45, and had some previous
experience of using computers.”152 The postal survey from a systemati-
cally selected sample of BBCMicrocomputer owners furthermore discov-
ered most users bought the computer to learn how it worked, but also
“for entertainment purposes and as a hobby.” This preference was also
reflected in the most popular applications software programs (games,
drawingandwordprocessing).153 TheMicros inSchools scheme launched
151. Radcliffe and Salkeld, Towards Computer Literacy, 19-20, 32-34.
152. Blyth, The Legacy of the BBC Micro, 20.
153. Vivian Harles, memorandum, ’The Computer Literacy Project: An Evaluation’,
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by the DTI did increase the school market for the BBC Micro and by Octo-
ber 1983, 25% of BBC Microcomputers were purchased by schools com-
pared to 35% for home use and 40% going to business users.154 When
defining the future policy, the BBC noticed that the main market for soft-
ware were not only home users, but school users in particular.155

The hardware specification written by R.T. Russell from BBC’s Engi-
neering Designs Department was published around the same time the
first leaflet appeared and listed requirements for Acorn as well as under-
lining the intended or configured user. The case needed to be 40 cmwide
and deep and 6 cm tall using injection moulded thermoplastic, a tech-
nique and material still in use today. Since the BBC Microcomputer was
sent to customers bymail, the case needed “towithstand rough handling
in transit.” The technical specification also kept in mind the demonstra-
tions in the studio of the television series by demanding that ventilation
allowed for continuous use at 35°C. As mentioned earlier, the BBC Com-
puter Literacy Project and Microcomputer System were aimed at home
users. The BBC engineer thus demanded that the case was fitted with
non-slip, non-scratch feet for “use in a domestic environment (on pol-
ished furniture etc.).” Unlike many computers today, BBC Micro owners
were encouraged to look inside so any internal parts connected to the
mains needed to be inaccessible and sharp edges were avoided.156

November 1982, folder R103/140/2, BBC Microcomputer Acorn Computers Ltd. Part
3, BBC Written Archives Centre, Reading (hereafter cited as BBC Microcomputers).
154. Blyth, The Legacy of the BBC Micro, 20-21. See also John Radcliffe, report, ’Fu-
ture Policy for the BBC Microcomputer: Report of the Technical Study Group - October
3rd 1983’, 4 October 1983, folder T62/233/1, Computer Literacy Project, BBC Written
Archives Centre, Reading.
155. J. Holmes, memorandum, ’Future Policy: Software’, 26 August 1983, BBC Micro-
computer.
156. Technical Specification, pp. 30-31, BBC Microcomputer.
157. Sytze Van Herck, BBCMicrocomputer SystemModel B, Centre for Computing History,
CH182, May 16, 2018.
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Figure 5.17: BBC Microcomputer System Model B at the Centre for Com-
puting History in Cambridge.157

A Hands-On Approach

In a user experiment conducted by the researcher in 2018 and 2019 test-
ing the BBC Micro and Apple IIe computers still running and accessible
in the CCH and the Media Archaeology Lab (MAL), some noted a sense
of nostalgia towards the noisier, haptic experience of the keyboard. The
hardware specification explicitly states that the BBC Microcomputer de-
tected when keys were pressed at 2,5 mm, but total key travel was up
to 5 mm which is almost double the distance of key travel on laptop key-
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boards today.158 Combinedwith the ideal angle where the top rowswere
slightly higher than the bottom rows (see figure 5.17), the minimum re-
quirement according to BBC Engineering was that the keyboard needed
to be “acceptable to a professional typist.” The final recommendation
bearing inmind the user oncemore, was tomake the keyboard “resistant
to liquid spills and cigarette ash.”159 With smoking at home and in the
office still acceptable during the 1980s, this recommendation provides
another glimpse into the user’s habits.

The first review in Beebug magazine mentioned that the BBC Micro’s
“exterior looks good; the keyboard feels good,” and noting “no noticeable
keybounce.”160 The look and feel would probably be judged differently in
comparison with current computer design (see figure 5.17). Fortunately
the messy printed circuit boards had improved, however the power sup-
ply connections with tape preventing shorts were crude and the supply
could become quite hot.161 Furthermore, Acorn originally stored the tem-
porary operating system on erasable programmable read-only memory
(EPROM)which theyoffered to replace for freewith a factoryprogrammed
permanent ROM. However, Beebug magazine suggested their readers to
wait for version 1.0 of the operating system which was supposedly two
times faster than version 0.1 but did increase the heat of the power sup-
ply unit. Another practical issue was the placement of the phonosocket
to connect the TV which was “too low for the hole,” making the plug diffi-
cult to insert. Sometimes keys would also hit the keyboard surround and
finally, Beebug suggested adding a lid to the hole for program cartridges
to prevent accidentally dropping things in the machine.162

158. For a full discussion of what defines the feel of a keyboard, see
https://www.popularmechanics.com/technology/design/a18550/
the-science-of-making-a-great-keyboard/.
159. Technical Specification, pp. 31-32, BBC Microcomputer.
160. Graham and Williams, “Brief review of the BBC Microcomputer,” 6.
161. I also experienced this during my visit to the Centre for Computing History and the
user test there.
162. One of the guides in the Centre for Computing History in Cambridge explained that
schools were particularly worried about children poking their fingers inside and getting
stuck or hurting themselves. Graham and Williams, “Brief review of the BBC Microcom-
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Despite a lack of proper structure for the 16k BASIC programming
language installed on the machine, Beebugmagazine was rather pleased
with the overall “set of reserved words.” Programming must have been
rather repetitive because bulk editing or loading program sections in se-
quence from tape was impossible. In terms of graphics the BBC Micro
could only display seven different colours, but users could define graph-
ics themselves although they could not select the graphics and text size
independently from the list of graphics modes. The reviewer was im-
pressed by the sound and the possibility of the software controlling the
pitch and amplitude, but the audio was very noisy and many users com-
plained. Saving and loading cassettes was easy and fast at 1200 bits per
second data transfer rate (baud), but themotor control was inconvenient
for rewinding the cassette. Overall the review concluded that Acorn and
BBC had “done a good job.”163

An updated technical description of the BBC from September 1982,
described the firmware consisting of the “BASIC language interpreter”
which lists all commands as well as the hardware description of all com-
ponents andkeyboard layout including key codes.164 TheBBCMicroeven-
tually measured 41.2 cm x 35 cm x 7 cm high in a “cream coloured case
with black coloured keyboard.” Openings allow a user to connect various
peripherals and allow for ventilation. A printer could only be used for a
BBC Micro model B when the cassette recorder was disconnected. The
“teletext receiver/datagrabber” too could only connect to model B. The
computer supported 8 visual display unit (VDU) screen formats. 165

When the BBC Microcomputer System first shipped, it included a pro-
visionalmanualwhichdidn’t impressmost users. In fact,many suggested
to split the user guide into a machine guide and a programming man-
ual. Users did appreciate the lay-out and tone of the provisional user
guide, but requested that the introduction, functions, and facilities were
expanded to include more details. Setting the system up also required

puter,” 6-7.
163. Graham and Williams, “Brief review of the BBC Microcomputer.”
164. Technical Description, BBC Microcomputer.
165. Technical Description, pp.30-36, BBC Microcomputer.
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more information and guidance from the manual. For the programming
manual users wanted full explanations, flow charts, examples, and ap-
plication ideas.166 Although the user guide was not split into two manu-
als by 1984, the section on setting the system up seemed extensive and
some program examples were certainly included.

ByOctober 1984Acorn had taken over from theBBC in amending, cor-
recting, and printing the user guide. The user guide began with a list of
warnings concerning the setup and ideal environment for the BBC Micro-
computer. Aside from warning users to earth the computer, the guide
recommended keeping the microcomputer away from direct sunlight or
moisture. The user guide explained how to set up the system with a cas-
sette recorder and run the WELCOME programs. The section on “Giving
the computer instructions” consisted of two parts. The first part aimed at
beginners and the second part followed a similar structure for the more
experienced user. The reference section occupiedmost of theUser Guide
with 170 pages listing BASIC keywords in alphabetical order in a very
similar layout to the DEC manual discussed in chapter 4. For expert pro-
grammers, the section included chapters on the Operating System and
assembly language.167

The BBC Microcomputer System came with a User Guide, WELCOME
package, and guarantee registration card. One cable for connecting the
microcomputer to the televisionwas included, but theuser needed topur-
chase a separate the cable to connect the microcomputer to an ordinary
cassette recorder.168 If the user had a high qualitymonitor available, they
wouldneedanother cable aswell.169 TheUserGuide centeredaroundpro-
grams in the WELCOME pack or listed exemplary programs, but referred
users to other software “linked to hobbies and games, and programs for
use in the home, in business, and in education.”170

166. V. Harles, memorandum, ’The Computer Literacy Project: An Evaluation’, November
1982, p.6, BBC Microcomputer.
167. Coll, BBC Micro User Guide.
168. Coll, BBC Micro User Guide, 1.
169. Coll, BBC Micro User Guide, 3.
170. Coll, BBC Micro User Guide, 2.
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Once users hadplugged in the necessary cables to power and connect
the BBC Microcomputer and monitor, the computer could be switched
on at the back. Immediate user feedback was provided in the form of
“a short ‘beep’ and the red light marked caps lock.”171 Once the com-
puter was switched on, the television could be turned on to warm up
and a spare channel needed to be tuned to the computer on channel
36.172 Once set up, the manual encouraged users to press all buttons,
adding “you can’t do it any harm at all.” Usually the error message “mis-
take” would appear which meant that “the computer does not under-
stand your commands. It’s fault - not yours!”173 These instructions were
clearly meant to encourage experimentation and minimize fear for first-
time computer users. Furthermore, the computerwas depicted as robust
yet stupid, and responsible for misunderstanding the user. After free ex-
perimentation, the User Guide gave clearer instructions on how to clear
the screen and test out some commands for drawing lines and testing the
sound. Again, users were reassured “don’t worry if you make a mistake -
it really doesn’t matter!”174

Next, users could connect the cassette recorder to loadprograms from
theWELCOMEpack cassette. First, the correct cableneeded tobeplugged
into the microcomputer and cassette recorder. Second, much like tun-
ing the television set, the volume needed to be set correctly.175 Some
recorders played the tapes on loudspeaker resulting in screeching noise.
The proposed solution was to somehow disable the speaker.176

Novice users were not expected to have experience with computer
keyboards, but the writer did suppose that those who had used a type-
writer before would recognize most of the keyboard layout on the BBC
Microcomputer. Absolute novices were reassured as well because they
didn’t need “to be a touch typist to work with the computer” and a pro-

171. Coll, BBC Micro User Guide, 3.
172. Coll, BBC Micro User Guide, 3-5.
173. Coll, BBC Micro User Guide, 5.
174. Coll, BBC Micro User Guide, 5-6.
175. Coll, BBC Micro User Guide, 7.
176. Coll, BBC Micro User Guide, 10.
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gram for practicing was available on the WELCOME cassette.177 A con-
fusing feature on the BBC Microcomputer caused some symbols to be
displayed differently from those on the keyboard since screen mode 7
used the Teletext standard rather than ASCII to display characters.178

The User Guide explained the difference between commands which
were executed immediately and series of numbered instructions or state-
ments forming a program that could be stored and run.179 Sample pro-
grams in theUser Guide needed to be typed in accurately andweremeant
for users to become familiar with the keyboard and build up a library of
programs if stored on cassette afterwards.180

The graphics of the BBC Microcomputer were by no means compara-
ble to the graphical user interfaces we have gotten used to over the past
three decades. The screenmodeswere defined by the number of colours
available (two colours for modes 0 and 4, four colours in modes 1, 2, and
5), the resolution (high for modes 0, 1, and 4 or medium in mode 2 and
5), whether they permitted graphics or text-only (modes 3 and 6), and
the amount of memory required for the screenmode (16K for modes 0 to
3, 8K for modes 4 to 7).181 Graphics for drawing lines and triangles used
X and Y coordinates to determine the position of a point on the screen.182
In text-only modes no graphics windows could be included, but in mode
5 for instance, part of the screen could be assigned to text or graphics
using windows.183

The BBC Microcomputer could “produce notes spanning five full oc-
taves,” and controlled the sound by setting amplitute, pitch, and dura-
tion.184 Analogue input was useful for game controls such as four pad-
dles or two joysticks. Paddles looked like the volume control of a record

177. Coll, BBC Micro User Guide, 11.
178. Coll, BBC Micro User Guide, 14.
179. Coll, BBC Micro User Guide, 15.
180. Coll, BBC Micro User Guide, 30.
181. Coll, BBC Micro User Guide, 137.
182. Coll, BBC Micro User Guide, 46.
183. Coll, BBC Micro User Guide, 47.
184. Coll, BBC Micro User Guide, 155.
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player and moved objects on the screen in two directions, whereas joy-
sticks could move from left to right, and up or down. The second and
more serious use of analogue input measured voltages from transducers
to monitor “temperature, light intensity, smoke density, water pressure,
gas concentration, etc.”185

Much like The Computer Programmewhich was aimed at adults in the
first place, the manual reassured the adult novice that “learning to use
the computer is a little like learning to drive a car.” Although the sample
programs might be “bewildering at first,” with experience “the various
pieces of the jigsaw puzzle should begin to fall into place.”186

The chapter on print formatting clearly distinguished between what
Andreas Fickers has called expert and amateur users by adding a section
“for the more technically minded.”187 The manual also commented on a
specific feature for users with previous experience stating that the ability
to superimpose characters resulting in bold text, was “not normally avail-
able on ‘personal’ computers.”188 In another chapter a paragraph “for the
slightly more advanced” explained best practices for programmers.189
Thus, an advanced user was considered a good programmer. The User
Guide praised the integration of procedures in BASIC. “These powerful
features enable the user to structure his or her programs easily and in ad-
dition provide a real introduction to other computer languages like PAS-
CAL.”190 Not only does this statement emphasise the ease of use, but it
suggests that BASIC provides an ideal learning opportunity for the novice
user to move to other programming languages. The discourse further il-
lustrates that themanual did not assign a particular gendered pronoun to
the user or programmer whereas other manuals for previous case stud-
ies often specified the gender of certain users such as programmers or
operators.

185. Coll, BBC Micro User Guide, 459.
186. Coll, BBC Micro User Guide, 30.
187. Coll, BBC Micro User Guide, 60.
188. Coll, BBC Micro User Guide, 64.
189. Coll, BBC Micro User Guide, 85.
190. Coll, BBC Micro User Guide, 87.
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The GOTO statement provided the writer with another opportunity
to distinguish between beginners who “find it easy to use,” and experts
who believed this practice led to “spaghetti” programming. Expertswrite
more structured programs avoiding such statements unless for handling
error conditions.191 In this case, the distinction encouraged beginners to
follow what experts considered good practice. In fact, an entire chapter
on good practice in programming centered around the trade-off between
execution speed and program size. Saving precious memory space by
reducing the program size often reduced readability.192

The distinction between novice and expert continued in the reference
guide’s list of BASIC keywords. The structure of keyword descriptions
contained parts “intended for the novice user and others for the person
who is familiar with BASIC.” Next to the actual keyword the derivation
was briefly explained, followed by “a plain-English description” of its pur-
pose for the beginner. After an example, the actual description used “nor-
mal computer jargon.”

Finally, one chapterwasmeant for programmersusing “moreadvanced
facilities suchasdefinitionof graphics and textwindows”orwriting “other
high level languages or machine code programs.”193 The distinction be-
tween amateur and expert according to the user manual dependedmore
on experience and practice, rather than education or occupation.

Several sample programs illustrated mathematical applications such
as solving equations, calculating the square root, drawing polygons, and
plotting a sine wave. One plot of a block diagram illustrated a business
use to show changing prices over a twelve-month period. Not all example
programs were for serious applications. In later chapters, users were
taught how to program a game called hangman or a lunar landing game
with the goal of “landing a ship on the moon.”194

The discourse analysis reveals the configured user both literally and
through descriptions of potential uses. For example, the use of variable

191. Coll, BBC Micro User Guide, 99.
192. Coll, BBC Micro User Guide, 168.
193. Coll, BBC Micro User Guide, 347.
194. Coll, BBC Micro User Guide, 116, 151.
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was explained through the hypothetical task of calculating all wages in
the company and storing each individuals’ wage to determine the total
wage bill.195 The same example was expanded to explain the concept of
a program for working “out the number of £1, £5 and £10 notes that you
will need to pay the wages at the end of the week (...).”196 The example
of calculating “wages for a group of people” was used again to explain
arrays and associated names.197 The configured or envisioned user thus
worked in a small business and was responsible for payroll accounting.

Some rare sections of the user guide provide a glimpse of the domes-
tication of technology. For instance, users were encouraged to “wander
off and have a cup of coffee”while the BBCMicrocomputerwas executing
a program.198 Perhaps less obvious, yet still illustrating a very practical
concern was remembering where on the cassette a program was stored.
The manual suggested keeping an index by using the tape counter and
leaving gaps between programs to avoid overlap.199 Another option was
reading the entire tape and displaying a catalogue on the BBC Micro.200

The attribution of human characteristics to computers also occurred
in the User Guide, similar to the anthropomorphisation of computers in
The Computer Programme while discussing the use of the “panic button”
or ESCAPE. “If the computer seems to be ignoring you because it’s too
busy running a program. You can nearly always get its attention by press-
ing the ESCAPE key.”201 This description depicts the computer as a con-
centrated person busy at work who needs to be interrupted to gain their
attention.

Similar to comments made in The Computer Programme, the manual
stated that “computers are fundamentally pretty stupid things,”with their

195. Coll, BBC Micro User Guide, 18.
196. Coll, BBC Micro User Guide, 20.
197. Coll, BBC Micro User Guide, 102.
198. Coll, BBC Micro User Guide, 20.
199. Coll, BBC Micro User Guide, 26.
200. Coll, BBC Micro User Guide, 28.
201. Coll, BBC Micro User Guide, 21.
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strengthbeing repetition.202However, IF...THENstatements enabled “the
computer tomake a choice,” a concept explored in detail during the Think-
ing Machine episode of The Computer Programme and the main reason
some users assigned a conscience to the computer resulting in anthro-
pomorphizing the machine.203 The TRUE or FALSE statements led the
writer to anthropomorphise the computer saying this method was useful
“to fathom out what on earth the computer thinks it is doing!”204 By as-
suming that a computer has a self-awareness and can reflect on its own
actions, the writer assigns it one quality that distinguishes human beings
from others.

5.1.4 Micros in Schools
Since microcomputers played an important role in education starting in
the 1980s, this section looks into the role of the British government in
funding computers and determining a strategy to introduce students to
this technology. Aside from the MEP and the Micros in Schools scheme,
the role of the BBC liaison network and its Computer Referral Service
are briefly discussed. Although many other government initiatives were
started in later years, these were less directly linked to the BBC Micro-
computer and thus fall outside the scope of this research. Finally, a sur-
vey by dr. Tilly Blyth from the Science Museum provides an insight into
the experience of remembered users who used microcomputers in the
1980s. The research questions answered in this section centre around
the accessibility of computers in schools in particular, and the training of
teachers, as well as those in charge of developing educational software.

The British DES started the MEP in 1980 with an initial funding of £9
million pounds sterling.205 The program aimed “to help schools to pre-

202. Coll, BBC Micro User Guide, 74.
203. Coll, BBC Micro User Guide, 84.
204. Coll, BBC Micro User Guide, 86.
205. Tibor Vasko and Darina Dicheva, “Educational Policies: An International Overview,”
International Institute for Applied Systems Analysis, September 1986, 6, https://web.
archive.org/web/20120531051641/http://www.iiasa.ac.at/Admin/PUB/
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pare children for life in a society in which devices and systems based on
microelectronics are commonplace and pervasive.” Initial priority was
given to students in further education between sixteen to nineteen years
old. The MEP investigated how to use “the computer as an aid to teach-
ing and learning, as a guide to the individual children, as a learning aid
for small groups of children, or as a system involving the whole class.”
The programme preferred the development of certain software applica-
tions such as mathematics, science, geography, and business, over oth-
ers. Furthermore, the program also researched which topics to add to
existing courses, andwhich disciplines to introduce to the curriculum.206
For instance, the MEP funded the existing national project started by the
Schools Council calledComputers in the Curriculum.207 At a regional level,
fourteen regional centres coordinated MEP initiatives through Local Edu-
cation Authorities (LEAs) with colleges and schools.208 Aside from cur-
riculum development, the strategy outlined plans for teacher training.

In addition to short courses of between one and three days to cre-
ate awareness and familiarise teachers with computers, the MEP sug-
gested specialist courses of one week regarding new topics and three-
month courses for teachers in particular disciplines such as science or
craft and design or teachers wishing to develop computer-based learn-
ing materials. Furthermore, the program provided funds for training the
trainers and supplied the equipment to regional centres. The MEP also
advised other institutions regarding longer degree or diploma courses,
such as an Open University course, or the BBC’s collaboration with the
NEC to develop the 30-hour BASIC course.209 The NEC developed an
adult distance-learning course based on the 30-hour BASIC book to intro-

Documents/WP-86-052.pdf.
206. Richard Fothergill, The Microelectronics Education Programme Strategy, techni-
cal report (April 1981), http : / / www . naec . org . uk / organisations /
the - microelectronics - education - programme / the - microelectronics -
education-programme-strategy.
207. Fothergill, MEP Strategy.
208. Blyth, The Legacy of the BBC Micro, 25.
209. Fothergill, MEP Strategy.
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duce programming, even providing access to machines at local colleges
for students.210 The course appealed to employers who asked tutors to
train groups of students at work. Although the distance learning course
attracted a limited number of students, it served as the basis for courses
at local colleges. The book sold between 150,000 and 250,000 copies
by the summer of 1983.211

The final element of the MEP Strategy looked into the provision of
microcomputers for schools, but decided against funding the “acquisi-
tion of equipment for general use in individual schools.”212 Instead, the
DTI started the “Micros in Schools” project “to persuade every secondary
school to buy a computer,” offering a 50 percent subsidy for “one of two
Britishmademicrocomputers.”213 In July 1982 the same schemewas ex-
panded to primary schools for an estimated nine million pounds sterling.
In addition, eachmicrocomputer camewith a free “self-instructional pack-
age for teachers, and about thirty software packages.”214 On 13 Decem-
ber 1984, the Secretary of State for Trade and Industry was asked in
parliament how many computers the Micros in Schools scheme funded
and howmuch was spent. Overall, the scheme had cost £13.4 million so
far funding 6.511 computers in secondary schools and around 26,000
applications from primary schools. The scheme did not only fund mi-
crocomputers, but also “monitors and printers and a range of peripheral
equipment.” However, schools had also purchased additional microcom-
puters themselves averaging around ten microcomputers per secondary
school, and around 1.8 microcomputers per primary school.215The time-
line of the National Archive of Educational Computing suggests that even-
tually 27,295 primary schools received partial funding for a microcom-
puter, and that 4000 secondary schools were able to purchase additional
equipment including memory upgrades, disk drives, an electronics box

210. Blyth, The Legacy of the BBC Micro, 26.
211. Blyth, The Legacy of the BBC Micro, 27.
212. Fothergill, MEP Strategy.
213. Vasko and Dicheva, “Educational Policies: An International Overview,” 8-9.
214. Vasko and Dicheva, “Educational Policies: An International Overview,” 9.
215. Parl. Deb. H.C. (6th ser.) (1984) cols. 553-4.
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and a robot kit for the BBC Microcomputer.216
The BBC also collaborated with the DTI’s Micros in Schools scheme

through their liaison network. BBC Education Officers built a network of
educational agencies such as “colleges, adult centres, clubs, information
services, and other organisations” which could help viewers with com-
puter literacy. The BBC’s Education Officer Robert Salkeld from Leeds
introduced the project at regional meetings in March and April of 1981
receiving feedback from the educational sector concerning the TV series,
software plans, and “the practicalities of providing local ‘hands-on’ expe-
rience.” The key challenge was providing information and local contacts.
BSS would answer postal enquiries and gathered a list of over 1000 lo-
cal agencies “from adult centres to universities and computer clubs as
referral points.”217

BSS created the Computer Referral Service using a database contain-
ing ten categories of who to turn to for information: “informal advice, be-
ginner’s courses, advanced courses, computer clubs, [British Computer
Society (BCS)] branches, Acorn dealers, British Broadcasting Corporation
Microcomputer user-groups, business consultancy services, courses for
small business users, and in-service courses for teachers.”218 They also
informed viewers of the BBC Microcomputer and associated software,
books, and correspondence courses. In November 1981 regional direc-
tors of the MEP were fully informed about the Computer Literacy Project,
familiarised with the BBCMicrocomputer System, and planned seminars
for staff in Regional Information Centres.219

As the DTI was looking into possible suppliers for the “Micros in Pri-
marySchools” scheme, they shared similar concerns about the “adequate
production levels, timeliness of delivery, customer information provision
and after sales service” Acorn could provide before including the BBCMi-

216. Timeline of significant events in the history of educational computing, accessed
April 22, 2021, http://www.naec.org.uk/events.
217. Radcliffe and Salkeld, Towards Computer Literacy, 22-23.
218. Blyth, The Legacy of the BBC Micro, 26; Radcliffe and Salkeld, Towards Computer
Literacy, 25
219. Radcliffe and Salkeld, Towards Computer Literacy, 25.
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cro in the scheme. The DTI continued “to receive adverse feedback from
Local Authorities, education advisers and individual schools.”220 As a re-
sult, the DTI encouraged the BBC the “strengthen Acorn’s management
ability” by seeking “expert advise on a major appraisal of the company’s
managerial structure.” The DTI felt “it would be difficult (…) to recom-
mend the machine to our Ministers” unless the BBC could provide “evi-
dence of a genuine attempt to improve Acorn’s performance.”221

By 16 June 1982 faith in the BBC Micro had been partially restored
for the DTI’s Micro’s in Primary Schools scheme. The main priority of the
schemewas “to provide schools with a packagewhich is complete, ready
to plug in and use.” Focusing on what we now refer to as usability, a
colour monitor was preferred for primary schools in particular.222 Nev-
ertheless, the DTI still needed Acorn’s assurance that by October 1982,
when schools could apply for the scheme, delays in deliverywould not ex-
ceed four weeks. In addition, the DTI imposed further safety standards
in particular for the removal of the “ashtray” or opening on the back of the
BBC Micro computer from the case and any other element of the design
“to prevent potential damage via open sockets.”223

Recollections of Beeb Users

A survey by dr. Tilly Blyth into the Legacy of the Computer Literacy Project
conducted between March and April 2012 with 292 completed question-
naires from entrepreneurs in digital or creative industries and people in-
terested in theBBCMicrocomputer provides some interesting insights.224
These results reflect the perception of remembered users 30 years after

220. Eric B. Bates to Chris J. Curry, 20 May 1982, folder R103/113/1, BBC Microcom-
puter.
221. Eric B Bates to John Radcliffe, 20 May 1982, folder R103/113/1, BBC Microcom-
puter.
222. Janet Morgan to Chris J. Curry, 16 June 1982, folder R103/113/1, BBC Microcom-
puter.
223. Bob Salkeld to Donald Grattan, ’Leeds, LEA, Acorn and the BBC’, 18 June 1982,
folder R103/113/1, BBC Microcomputer.
224. Blyth, The Legacy of the BBC Micro, 32.
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using the BBC Microcomputer. For many respondents owning or having
access to a BBC Micro in the 1980s positively influenced their future ca-
reers in software or app development.225 When asked what first inter-
ested them about computers, five themes emerged: from “a parent’s
(usually the father’s) enthusiasm,” science fiction for showing the possi-
bilities computing offered or simply highlighting the novelty of computers,
to a sense of control and empowerment computers offered, and of course
computer games.226Most respondents used a computer for the first time
in the 1980s (73,5%) either at home (53,8%) or at school (30,8%). How-
ever, access to computers was often limited at school. BBC Microcom-
puters were mostly used for programming (82,4%) and playing games
(79,6%).227 Almost 90% had learnt to program, mostly in BASIC.228

A significant number of respondents were self-taught, relying
mainly on magazines and instruction books. These resources
were used whether they were learning at home or at school.
When it was with other people, these tended to be friends, a
parent or other close family member.229

Even those who had learned programming in school or at university, had
still gained most experience by themselves.230 Programming at school
was often difficult due to the lack of sufficient computers and protective
teachers who often know less about programming than students.231 De-
spite limited access to the BBC Microcomputer in schools and their high
price, computers became accessible even outside of professional con-
texts. However, the BBC Microcomputer in particular became a symbol
of status as a result of its high price. Furthermore, one respondent re-
membered having only three computers available for 1500 students. As

225. Blyth, The Legacy of the BBC Micro, 34.
226. Blyth, The Legacy of the BBC Micro, 36-37.
227. Blyth, The Legacy of the BBC Micro, 37.
228. Blyth, The Legacy of the BBC Micro, 41.
229. Blyth, The Legacy of the BBC Micro, 42.
230. Blyth, The Legacy of the BBC Micro, 42.
231. Blyth, The Legacy of the BBC Micro, 43.
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a result, the BBC Microcomputer was only used in maths and physics de-
partments.232 “Schoolswere at timesunwilling or unable to investmoney
in a large number of BBC Micros,” meaning pupils had limited time to ac-
cess the computer and were often only playing games. Protective teach-
ers prevented computer enthusiasts from experimenting or practicing on
the computer.233

As for the experience of teachers in the 1980s, a paper on the Early
Uses of Computers in Schools by a user and later researcher of computer
usage in an educational context points out that with the introduction of
microcomputers in schools, teachers needed to book access to a school-
rather than a classroom-based resource for the first time.234 Aside from
the lackof availability andaccessibility of hardware, teachers often lacked
confidence to try out software and could only plan and anticipate learn-
ing by frequently experimentingwith software themselves.235 In primary
schools similar issues arose since teacherswhodid not usemicrocomput-
ers lacked confidence and competence.236 Only when schools had more
computers available by the end of the 1980s could attention turn to us-
ing computers across the curriculum rather than as a separate subject or
part of specific subjects mentioned earlier.237

The Computer Literacy Project illustrated the British approach to in-
troducing computers in homes and schools. The BBC prepared an entire

232. Blyth, The Legacy of the BBC Micro, 46.
233. Blyth, The Legacy of the BBC Micro, 47.
234. Don Passey, “Early Uses of Computers in Schools in the United Kingdom: Shaping
Factors and Influencing Directions,” in Reflections on the History of Computers in Educa-
tion: Early Use of Computers and Teaching about Computing in Schools, ed. Arthur Tatnall
and Bill Davey (Springer, 2014), 133, https://doi.org/10.1007/978-3-642-
55119-2_9.
235. L. Gibbons, “Escape or Run?,” Journal of Computer Assisted Learning 2, no. 1 (1986):
27, https://doi.org/10.1111/j.1365-2729.1986.tb00060.x. Cited in Passey,
“Early Uses of Computers in Schools,” 143.
236. G. Heywood and P. Norman, “Problems of Educational Innovation: the Primary
Teacher’s Tesponse to Using the Microcomputer,” Journal of Computer Assisted Learning
4, no. 1 (1988): 34–43, https://doi.org/10.1111/j.1365-2729.1988.tb00091.
x. Cited in Passey, “Early Uses of Computers in Schools,” 136
237. Passey, “Early Uses of Computers in Schools,” 144.
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learning system with input from the government for the 1982 Informa-
tion Year, centred around the BBC Microcomputer. The project aimed at
educating all levels in society offering television series, learning materi-
als such as books and software, in combinationwith courses. In 1982 the
first television series The Computer Programme intended to capture the
interest of a general audience, to demystify technology and to give practi-
cal examples. The television series mostly demonstrated business appli-
cations but also highlighted everyday situations in which people encoun-
tered computing indirectly from transportation and healthcare to utilities.
Through discourse analysis a tension between the past and the future,
between continuity of computer principles from historical examples, the
revolutionary present and utopian or dystopian future expressed in sci-
ence fiction emerged the idea that computers would eliminate repetitive
jobs and reduce the workforce, but also allow more flexibility to shop,
work and bank from home. The BBCMicrocomputer featured in The Com-
puter Programme to demonstrate programs but when the television show
aired, the designer and manufacturer of the computer system licensed
by the BBC, Acorn, was running behind on deliveries. By mid-1983 the
issues were resolved and Acorn had sold around 100.000 microcomput-
ers while BBC Enterprises made a profit of around £2.9 million from its
10% royalty and the sales of learning materials. Acorn quickly evolved
past the Cambridge start-up built around people who mostly met at the
CUMG in part thanks to their connection to the BBC.

The BBC Microcomputer nicknamed the Beeb included a built-in key-
board, power supply and speaker but could connect to any television set
or video monitor and cassette recorder. Optional hardware such as a
disc drive, printer, external second processor, could also be connected.
In 1982 the main customers for the BBC Micro were middle-class men
under forty-five with previous experience. By October 1983, partially
because the government funding schemes, 25% were sold to schools,
35% purchased a BBC Micro for home use, and 40% of small businesses
bought the system for data processing.

The manual distinguished between beginners and experts based on
experience and practice rather than education or occupation and encour-
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aged novices to experiment. BBC’s particular BASIC programming lan-
guage was said to provide a good basis for learning other programming
languages. Yet many examples in the manual were limited to mathemat-
ical applications. The Microelectronics in Schools government scheme
alsomentionedmathematics as well as science, geography and business
as key disciplines for teaching computer literacy. In the UK schools re-
ceived a 50% subsidy to purchase microcomputers and the BBC Micro-
computer was included in the scheme for secondary and later primary
schools. A survey among 1980s computer users thirty years on however
revealed that access to computers at school was limited due to the low
number of available machines and protective teachers. Teachers often
had limited experience and lacked confidence to make good use of this
school-based resource. The situation improved by the end of the 1980s
when computers were used across the curriculum.

The paternalistic style of the BBC and government to educate the na-
tion in computer literacy and offer a limited selection of UK manufac-
tured microcomputers differed in several ways from the entrepreneurial
approach of another late-1970s start-up in the United States.

5.2 Apple IIe: Personal Computing in the
USA

In Silicon Valley the legend of a computer born in a garage attributes the
personal computer to two inventors with help from members of a hob-
byist club.238 Wozniak worked as an engineer for Hewlett-Packard (HP)
after Stephen (Steve) Wozniak had tried out his ideas at the Homebrew
Computer Club meetings at Stanford campus. Both he and Steve Jobs
had written computer games for Atari.239 In 1977 the Apple II became

238. Ceruzzi, A History of Modern Computing, 264.
239. Ceruzzi, A History of Modern Computing, 264. Michael Friedewald, Der Computer
als Werkzeug und Medium: die geistigen und technischen Wurzeln des Personal Computers
(Verlag für Geschichte der Naturwiss. und der Technik, 1999), 373.
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oneof thefirstmicrocomputers for the consumermarket, encased inplas-
tic rather than industrial looking metal. Similar to the BBC Microcomput-
ers, customers could connect the Apple II to their own television. Apple
Computers Inc. became a profitable enterprise when managed by Amas
Clifford (Mike)Markkula as chairman of the board of directorswho had ex-
perience in marketing from Intel and Fairchild, and when Mike Scott was
appointed president. From selling 2500 computers in 1977 to 150.000
computers in 1980, the company was valued at $1.7 million when it en-
tered the stock market in 1980. Employing 1.500 people at production
plants in Cupertino, San Jose, Los Angeles, andDallas, Apple had evolved
from hobbyists in a garage to a profitable multi million enterprise within
three years.240

Joy Lisi Rankin deconstructs the Silicon Valley myth in A People’s His-
tory of Computing in the United States.

[…] onceupona time,modern computerswerebig (andmaybe
even bad) mainframes. [IBM] dominated the era when com-
puterswere the remoteand room-sizedmachines for themilitary-
industrial complex. Then, around 1975, along came the Cal-
ifornia hobbyists who created personal computers and liber-
ated us from the monolithic mainframes. They were young
men in the greater San Francisco Bay Area, and they tinkered
in their garages241

Rankin criticizes themyth for attributing technology to “hackers, geniuses,
and geeks” as Walter Isaacsson illustrates in The Innovators. The myth
removes computer technology from everyday life into the hands of engi-
neers, experts, and innovators until it is sold to the user.242 Paul Ceruzzi
believes that the Apple II was the first computer to be “embraced by the
people as a friendly, nonthreatening piece of technology that could enrich

240. Friedewald, Der Computer als Werkzeug und Medium, 374-376.
241. Joy Lisi Rankin, A People’s History of Computing in the United States (Cambridge, MA:
Harvard University Press, September 2018), 2.[.
242. Rankin, A People’s History of Computing in the United States, 2-5.
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their personal lives.”243 Yet he also cautions against revolutionary claims
about the personal computer’s political or cultural meaning since “com-
puters came ‘to the people,’ but for a price: corporate control.” Rankin
identifies a “shift frompersonal computing to personal computers”when
people needed to purchase computers and software and earlier devel-
opments in a freely shared BASIC were adopted by hobbyists for home
computers and marketed as a consumer product.244

One television episode and a documentary with interviews of Steve
Wozniak discussed in section 5.2.1 illustrate Silicon Valleys technology
discourse of the 1980s with an emphasis on entrepreneurs and the cre-
ation of hacker culture. Comparing the social and cultural values of the
entrepreneurs in the United States with the British approach to Computer
Literacy reveals important similarities and differences between the intro-
duction of personal computers in both nations. A retrospective interview
with Steve Jobs exposes the incentive to design the Apple II and his mo-
tivation to target school children in particular. In contrast to theMicros in
Schools government scheme in the United Kingdom, computers were in-
troduced to schools in the United States either through state-wide tax
incentives or school discounts offered by the company (section 5.2.2).
Next, section 5.2.3 discusses the installation and operation of the Apple
IIe, an extended version of the Apple II, based on a manual. The images
in the manual illustrate the user envisioned by Apple and in combination
with instructions for care suggest settings in which the computer could
be used. The chapter ends with an analysis of stereotypes in advertis-
ing both in print and in television commercials (section 5.2.4) promoting
different Apple II models to schools, students, and parents.

243. Ceruzzi, A History of Modern Computing, 264.
244. Rankin, A People’s History of Computing in the United States, 229, 236-238.
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5.2.1 SiliconValley: Birthplace of thePersonal Com-
puter and Hacker Culture

Television series and documentaries from the first half of the 1980s illus-
trate theAmerican discourse on personal andmicrocomputers and its dif-
ferent approach compared to the BBC’s The Computer Programme. In an
episodeofTheComputer Chroniclespresenters interviewedentrepreneurs
such as Apple’s Steve Wozniak rather than focusing on users, but the ed-
ucational purpose of the show mirrored the British approach by broad-
casting an extended version of the episode as a telecourse. Rather than
aiming to teach computer literacy to a general audience, The Computer
Chronicles Telecourse seemed to target Silicon Valley’s next generation
of entrepreneurs. The television documentary depicts the 1980s cultural
phenomenon of Hackers which influenced gender stereotypes attached
to personal computers. A discourse analysis of these two television pro-
ductions thus illustrates not only Steve Wozniak’s personal vision on the
design of the Apple II, the place and culture in which this personal com-
puter originated, and thenarrative of other hackerswhoconsidered them-
selves as invisible yet equally important contributors to the development
of personal computers. Steve Jobs further explained the incentive for de-
signing the Apple II and the intended user in a retrospective interview
with the Smithsonian concluding this section.

Computer Entrepreneurs

The episode titled Computer Enterpreneurs of The Computer Chronicles
aired on10May1984 and included additional segments titled “Computer
Principles” and “Chronicles’ Summary” presented by Herb Lechner. This
particular recording was part of The Computer Chonicles Telecourse.245
The episode was also included in the original show as episode 22 of the

245. People in Computing, 1984, accessed February 15, 2021,http://www.imdb.com/
title/tt6029906/alternateversions.
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first season titled “People in Computing” which aired in March 1984.246
The Telecourse was sponsored by Micro Focus, “creators of visual

tools for software development.” Television courses for the Open Uni-
versity or programmes on computer literacy offered by the BBC on the
other handwere fundedbypublic institutions rather thanprivately owned
companies and retained a closer link to educational institutions in the
United Kingdom. Similar to the historic examples Ian MacNaught-Davies
mentioned in The Computer Programme (section 5.1.1), the introduction
theme of the Chronicles illustrated the history of computers from ancient
calculators to 1980s computer chips supported by period-inspiredmusic
composed mostly on synthesizers. The television set was rather formal
with two presenters sitting at a desk in front of a light box with the title of
the TV series and two fake windows overlooking the Golden Gate Bridge
in San Francisco at sunset (see fig. 5.18).

After a short welcome by Stewart Cheifet and Gary Kindall, Stewart
introduced the subject of the episode referring to the local area: “Sili-
con Valley is in fact as famous for its young entrepreneurs as it is for its
products.” Gary explained from personal experience as founder of Digi-
tal Research how the computer business had become very competitive,
more professional with higher stakes, yet also more fun over the past
decade. Stewart then mentioned the guests that would appear on the
show, but first the episode would focus on “other people who played a
key role in the evolution of computer business,” in particular Steve Woz-
niak, co-founder of Apple Computer Co.248

As the TV-series moved to the interview with Steve Wozniak, a clip
showed him in his home setting holding his daughter and riding a motor
cycle on the lawn followed by his dogs. For the interview he sat on a
chair underneath a tree in the garden wearing a sporty blue and yellow

246. Peter Nichols, Ronald K. Lakis, and Patrick Moyroud, People in Computing, October
1984, https://www.imdb.com/title/tt6029906/?ref_=ttep_ep2.
247. Peter Nichols, Ronald Lakis, and Patrick Moyroud, dirs., “Computer Entrepreneurs,”
The Computer Chronicles Telecourse, aired 5th October 1984 on KCSM-TV, https://
archive.org/details/Computer1984_5.
248. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
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Figure 5.18: Still from The Computer Chronicles Telecourse (00:53).247

sweater over a T-shirt with a rainbow Apple logo on jeans and sporting a
full beard, as if to emphasize a style polar opposite from the three-piece
business suit the managers in his company wore. He started by recount-
ing his experience withmicrocomputers in 1974 and 1975 and the sense
of excitement he and Steve Jobs had thinking they “were doing things
for the first time they’ve ever been done.” In hindsight he recognized
that the only difference with minicomputers and larger systems was how
cheap microcomputers could be built thanks to large-scale integration
(LSI) technology.249 Wozniak remembered “putting out a little table and
showing off a little card that could play music on a computer or make
color [as] the most exciting thing in the world and we thought we were

249. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
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way ahead of the world.”250 The idea that the product would become so
successful or that Apple would grow out to such a large company did not
cross his mind. Wozniak explains “I had been working my whole life to
build a certain type of computer for myself and I just built the best one
that was doable in that daywith the particular components available.”251

He went on to explain that his design was made possible because of
the freedom from not being tied to a company where managers deter-
mined product requirements. His obvious dislike from business culture
and the ensuing lack of technically creative microcomputers becomes
clear from his description of meetings where “they are all sitting there in
three-piece suits, it’s a large business, there is a lot of dollars involved.”
When asked whether a business success like Apple was still feasible for
others in the small computer business a decade later, Wozniak stated
that manufacturing hardware on a small budget, marketing the product
in hobbyist magazines and selling hardware had become impossible for
small entrepreneurs. Much like DEC’s shifting focus towards software,
Wozniak believed small entrepreneurs were better off pitching good soft-
ware.252

The scene then alternates between the garden interview and footage
of Wozniak walking into his house followed by the dogs. His office with a
large corner desk contained several Apple computers and the audience
could look over his shoulder while he was working on an Apple II (fig.
5.19. In another scene he walks around the garden carrying his daugh-
ter around followed again by the dogs. In the final part of the interview
he explains he now understands how he and Steve Jobs must have been
perceived in the very beginning by looking down on others driving around
trade shows in mobile homes ten years after they did the same thing. He
realised that their success was “a quirk of fate.”254 While Wozniak un-
derscores Apple’s hobbyist origins and attributes part of his success as

250. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
251. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
252. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
253. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs”
254. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
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Figure 5.19: Still from The Computer Chronicles Telecourse (04:34).253

Apple’s hardware designer to the technology of others, he still claims full
credit for the design as inventor of the Apple II. Steve Jobs on the other
hand fulfilled the role of visionary, while corporate management was left
to marketing expert Mike Makkula and financial expert Mike Scott.255

HerbLechner’sChronicles Summary nicely explained the changedcom-
puter industry from entrepreneurs with a strong technical background
and “vision and insight into the new technology and the perseverance to
see their ideas through” to a different kind of entrepreneurialism, evolv-
ing from technical startups intomorematurebusiness.256 “Once the ideas
are formulated, the investment capital is secured, the assembly lines are

255. Friedewald, Der Computer als Werkzeug und Medium, 375.
256. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
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rolling, the product must be sold and serviced and continuing return re-
alised on the investment.”257 Marketing and financial profiles became
more important in the computer industry. Like any other business, com-
puter companies had “design, manufacturing, marketing, sales, public
relations, [and] advertising” departments.258 Lechners explains the evo-
lution of microcomputers to personal computers as the development of
a hobbyist product brought to the consumer market. From ideologies
of bringing computing to the people to profit centred corporations, Woz-
niak’s opposition to corporate culture as one of the company’s founders
led to his identification with hacker culture.

Hackers

SteveWozniakwasalso interviewed for the30-minutedocumentary called
Hackers: Wizards of the Electronic Age produced by Fabrice Florin in 1985,
one year after the first Hackers conference for his role as designer of the
Apple II.260 After the introductory clip, we see three bearded, scruffy-
looking men and two slightly more presentable women looking at a com-
puter screen hidden from the camera (fig. 5.20. Hackers are defined
by narrator Tony Russomanno as “the computer wizards who in just a
decade created both a multi-billion dollar industry and a cultural phe-
nomenon.” SteveWozniak is considered “one of the nerds of the personal
computer revolution.” The documentary states that personal computers
changed lives at work, at schools, and at home. Ordinary users, says
the narrators, do not realise that hardware and software was “hacked
away for nights on end by brilliant and fanatic designers.” Consumers or
end users enter only after the technology is sold, while hackers distin-
guish themselves from mere ordinary users designers of hardware and

257. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
258. Nichols, Lakis, and Moyroud, “Computer Entrepreneurs.”
259. Fabrice Florin, Hackers: Wizzards of the Electronic Age (1985), https://archive.
org/details/Hackers_201808
260. Hackers: Wizards of the Electronic Age, accessed February 15, 2021, http://www.
imdb.com/title/tt1191116/plotsummary.
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Figure 5.20: Still from Florin, Hackers (00:24).259

software. Images of the young Steves (Jobs and Wozniak) illustrate the
“happy few that became overnight millionaires,” whereas hackers con-
sider themselves as the unsung heroes. Stewart Brand, editor of the
Whole Earth software catalogs and organizer of the exclusive Hackers
conference describes them as “shy, sweet, incredibly brilliant.”261

He invited one hundred computer designers to a campsite, providing
enough computers, soda and candy for all-night hackers, with the goal to
discover “theunique set of values thatmade the computer revolutionpos-
sible and brainstorm about its future.” The invitees were asked to define
a hacker, a term that has an entirely different and often malicious conno-
tation today. The 1980s hacker “hacked away on the computer keyboard
until a program works,” whereas crackers sought to break into existing
code (a person thatwewould call a hacker today). Wired journalist Steven

261. Florin, Hackers: Wizzards of the Electronic Age.
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Levy who authored the book Hackers: Heroes of the Computer Revolution
- which inspired the conference in the first place - said that hackers never
finished a program, always addingmore features and only stepping away
from the computer when they collapsed at the keyboard. Steve Wozniak
mentioned how hackers are not distracted by friends or other social ac-
tivities, nor do they have girlfriends. They are only attached to the com-
puter. He also compared hackers to our inner child, always discovering,
exploring, and creating something new.262

After a segment of the documentary discussing the origins of hacker
culture and contemporary programs, SteveWozniak is interviewed in the
context of a second wave of hackers and hobbyists in the 1970s Silicon
Valley “triggered by the introduction of low cost microprocessors.” He
describes his urge to build a computer while still at school with posters
of computers on his bedroom wall. The documentary shows photos of
him as a teenager and the narrator calls him one of the first members of
the Home Brew Computer Club. Wozniak explains that he learned how to
build a computer from minicomputer handbooks, and chip manuals. He
shared his chip design with other Home Brewmembers and helped them
build their own computer. The documentary moves through a slideshow
of Apple computers claimingWozniak earned over 50million dollars. The
success of the Apple II computer - ironic though it may sound now - is at-
tributed by the narrator to “its open architecture, allowing users to tinker
with themachine and improve on it,” as is show in figure 5.21. When hard-
ware became readily available, the third wave of hackers earned a lot of
money quickly by developing software, and games in particular.263

Another interesting remark as a follow up to the open architecture of
the Apple II is the hacker ethic that “information and tools should be free
or at least available to serious seekers and they openly share their work
with others.” Although some do not agree that source code should be
shared, Steve Wozniak argued such code should be shared at least with

262. Florin, Hackers: Wizzards of the Electronic Age.
263. Florin, Hackers: Wizzards of the Electronic Age.
264. Florin, Hackers: Wizzards of the Electronic Age.
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Figure 5.21: Still from Florin, Hackers (13:04).264

other hackers “not for sale, not to copy, but to learn from.”265

A Visionary’s Retrospective

In an interview of Steve Jobs by the Smithsonian on 20 April 1995, he re-
membered howhis father showed him how to build things and other engi-
neers in his Silicon Valley neighborhood taught himmore about electron-
ics. When asked about his own experience in education and the impor-
tance of education, Jobs explained his belief in equal opportunity which
mostly meant a great education. “If I hadn’t encountered two or three
individuals that spent extra time with me, I would have absolutely ended
up in jail.” He was adamant that computers were by no means the solu-

265. Florin, Hackers: Wizzards of the Electronic Age.
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tion, only people could incite and feed curiosity.266
A computer design is the result of people’s decision, whether this is

an individual (as Steve Wozniak claims for the first Apple computer), or
a company (as Steve Jobs emphasised his role as people manager at Ap-
ple). People’s decision are driven by a myriad of factors, but certainly
by their own background and personal preferences. Thus the following
quote from the interview with Steve Jobs about the demographic at Ap-
ple is indicative of some shared traits of Apple employees in the 1980s.
“We were all pretty young. The average age in the company was mid-to-
late twenties. Hardly anybody had families at the beginning and we all
worked like maniacs.”267

The interviewer then turnedhis attention toAppleusers andcustomers
which Jobs divided into two groups. For non-educational consumers Ap-
ple computerswere all about lifestyle, his goal for educational customers
was that “if therewas just one computer in every school, some of the kids
would find it. It will change their life.”268

Because bureaucracy was slow, Jobs said they “realized that a whole
generation of kids was going to go through the school before they even
got their first computer sowe thought the Kids Can’t Wait.” A national law
provided a tax reduction for donating computers to a university for edu-
cation and research which Jobs tried to amend to include elementary,
middle and high schools with only an educational requirement. Unfortu-
nately the law didn’t pass the Senate, so Apple’s plan to donate 100.000
computers which would cost Apple 10 million dollars fell through. The
State of California decided to approve a similar bill called the Computer
Equipment Contribution Act (AB3194) and 10.000 computers were do-
nated to schools in California. “We got a whole bunch of software compa-
nies to give away software. We trained teachers for free and monitored
this thing over the next few years. It was phenomenal.”269

266. Steve Jobs, Smithsonian Oral and Video Histories: Steve Jobs, April 1995, https:
//americanhistory.si.edu/comphist/sj1.html.
267. Jobs, Steve Jobs Interview.
268. Jobs, Steve Jobs Interview.
269. Jobs, Steve Jobs Interview.
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5.2.2 Tax Exemptions and School Discounts
Unlike the Micros in Education government scheme which provided the
incentive for schools to purchase microcomputers at half the price in the
United Kingdom, the United States did not approve a federal subsidy. In-
stead, only theStateofCaliforniamotivated companies rather than schools
to donate computers to elementary, middle, and high schools at a tax re-
duction. Apple’s Kids Can’t Wait (KCW) program illustrates how schools
in the United States obtained computers, and how teachers were trained,
as well as who developed the learningmaterial and educational software
on offer.

Audrey Watters, freelance writer and owner of the blog Hack Educa-
tion traced the history of Apple II computers in the classroom slightly
further, mentioning Apple’s 1978 contract to provide 500 computers to
schools inMinnesota for theMinnesota EducationComputingConsortium
(MECC) which offered “a sizable catalog of educational software (includ-
ing the iconic Oregon Trail)” to schools for free.270 While MECC offered
programssubsidizedby the state freely on its network, it gradually shifted
to selling software.271 When the Computer Equipment Contribution Act
was voted in California “proponents of this bill [felt] that computer liter-
acy for children is becoming a necessity in today’s world.”272 Creative
Computing covered the story in 1983.

Apple is offering a free Apple IIe system to every eligible el-
ementary and secondary school in California. The package
includes a 64K Apple IIe computer, a display monitor, one
floppy disk drive, and a copy of Apple Logo, a computer lan-
guagedesigned for students. The current suggested retail value
of thepackage is $2364. TheKCWpackagealso contains coupons
for free and discounted educational software from more than

270. Audrey Watters, How Steve Jobs Brought the Apple II to the Classroom, February
2015, http://hackeducation.com/2015/02/25/kids-cant-wait-apple.
271. Rankin, A People’s History of Computing in the United States, 238.
272. Watters, How Steve Jobs Brought the Apple II to the Classroom.
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25 educational software publishers.273

Since the legislation requested training for at least on teacher of a school
that received a computer, Apple dealers provided training. Unfortunately
this training was often very limited.274

Apple’sKCW package also promoted the use of a particular program-
ming language in classrooms. Logo is announced as “Child’s Play” in the
computer manual with vocabulary such as intuitive, simple, and natural.
The recommended age for teachers to introduce this programming lan-
guage was 8 years. The short description explains a lesson on how to
drawgeometric shapes and create pictures fromacombination of shapes.
In a clearly defined learning goal, the handbook explains that children
are taught that bugs are not wrong answers, but normal in programming.
“Logo is designed to convey programming concepts in a natural problem-
solving manner.”275

Whereas the British government offered funding for schools to pur-
chasemicrocomputers, schools in the United States benefited from a key
principle of the free market: competition. Computer manufacturers ei-
ther offered “large educational discounts” or donated computers under
the condition of a “tax exemption” from the local state government. Ap-
ple devised two types of discount for schools, either a discount on larger
orders, or a three year repayment scheme.276 Between 1981 and 1985
“the number of computers in US schools has steadily increased” from
33.000 to around 700.000. In 1985 nearly ninety percent of schools had
at least one microcomputer.277

273. Ken Uston, “9,250 Apples for the Teacher,” Creative Computing 9, no. 10 (October
1983): 178, https://www.atarimagazines.com/creative/v9n10/178_9250_
Apples_for_the_teac.php.
274. Watters, How Steve Jobs Brought the Apple II to the Classroom.
275. Joe Meyers, Apple IIe Owner’s Manual (Cupertino, CA: Apple Computer, Inc., 1982),
90.
276. D’Ignazio 1986 in Vasko and Dicheva, “Educational Policies: An International
Overview,” 6.
277. Hebenstreit 1986 in Vasko and Dicheva, “Educational Policies: An International
Overview,” 6.
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5.2.3 Key Design Features of the Apple IIe
When a user purchased the Apple IIe, the manual first and foremost ex-
plainedhow toassemble the systemand its components connecting cards
and a monitor or television set. After detailing how to care for the com-
puter and how to start or boot the computer, users were acquainted with
the keyboard. The manual then discussed how hardware, software, and
disksworked, followedby chapters on the operating system, applications
and programming. Finally, the handbook listed how to add peripherals to
the Apple IIe and where to look for help in case of issues.278 The manual
thus answers research questions regarding the installation and operation
of the Apple IIe. More importantly, an analysis of the visual and textual
discourse reveals the configured user Apple intended to target with the
extended version of the first consumer oriented personal computer.

The Configured Users

Interestingly, the author did not expect every user to read the fullmanual,
instead pointing to specific chapters for configured users. For the person
setting up the system (1 & 7), the business person (2, 5 & 8), and the pro-
grammer (2, 4, 6 & 8) the author expected them to read less than half of
the manual. Whereas a first-time user looking for ready-made programs
(2, 3, 4, 5 & 6) needed or perhaps preferred more information.279

The photographs at the start of each chapter also show users at work.
Chapter 1 on assembling the system is illustrated by a oenologist stand-
ing next to his window-side desk smelling wine with shelves full of chem-
istry equipment above the desk and wooden wine vessels in front.280
Chapter 2 on getting acquainted shows two businesswomen at work (fig.
5.22). A middle-aged white woman in a black suit and blue dress shirt
wearing jewelry was touching her chin thoughtfully while looking at the
monitor with one hand on the keyboard. A younger African-American

278. Meyers, Apple IIe Owner’s Manual, 2-5.
279. Meyers, Apple IIe Owner’s Manual, 7.
280. Meyers, Apple IIe Owner’s Manual, 11.
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womanwearing a pin-striped navy dress andwhite vest with a pearl neck-
lace and earrings was taking notes standing next to the other woman at
the desk holding the phone to her shoulder to keep a caller waiting.281

Figure 5.22: Illustration Apple IIe Owner’s Manual Chapter 2282

Chapter 3 for beginners and experts on “How It Works” shows a very
staged family setting of a father, son, anddaughter in their pyjamas in bed
on Sunday morning with an Apple IIe next to them on the bed (fig. 5.23).
The daughter in ponytail is typing and looking at the keyboard, the son is
holding a geography book open and watching the computer monitor as
is the smiling father with his hand on his daughter’s back and holding a

281. Meyers, Apple IIe Owner’s Manual, 26.
282. Meyers, Apple IIe Owner’s Manual, 26
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glass of orange juice.283

Figure 5.23: Illustration Apple IIe Owner’s Manual Chapter 3284

The vocabulary of chapter 3 is certainly adapted to beginners. In fact,
the text shows thatApple consideredfirst-timeusers not just as someone
whobought anApple computer for the first time, but as someonewhohas
never used a computer before. The handbook tries to reassure beginners
with phrases like “don’t worry” and “be patient with yourself.”285 Similar
283. Meyers, Apple IIe Owner’s Manual, 44.
284. Meyers, Apple IIe Owner’s Manual, 44
285. Meyers, Apple IIe Owner’s Manual, 45.
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vocabulary was also used in the BBCMicrocomputermanual (see section
5.1.3) to reduce fear for novices. The introduction to the chapter even
compares understanding computer concepts and using the computer to
engines and cars.

You don’t need to know exactly how an internal combustion
engineworks to drive a car. Likewise, you don’t need to under-
stand exactly what is going on inside the Apple IIe computer
to be able to put it to work for you.286

Chapter four aimed at the programmer as well as first-time users and
experts is illustrated by a middle-aged man entering product informa-
tion on the computer reading from the label of a kit in his other hand
standing at the desk of a car garage.287 Chapter five for experience busi-
ness users about application programs shows a female scientist looking
through a microscope in a laboratory setting with the Apple IIe in the
background.288 In contrast to chapter three for beginners, chapter five is
clearly written for experts with the first sentence setting the tone. “The
Apple IIe computer demonstrates its true power and value when you put
it to work on your own real-world problems.” Examples of application
programswere: electronic worksheets, word processors, data baseman-
agement programs, telecommunications, and graphics programs. As ex-
pert users were experienced computer and Apple users, the handbook
emphasised differences with programs run on previousmodels, frequent
mistakes and how to solve or avoid them as well as how programs made
“parts of the system work together.”289

For chapter six titled “Programming: theUltimate Computer Skill” the
illustrative image fits into the educational customer Apple tried to reach
with a class of four boys and four girls listening to the female teacher

286. Meyers, Apple IIe Owner’s Manual, 45.
287. Meyers, Apple IIe Owner’s Manual, 56.
288. Meyers, Apple IIe Owner’s Manual, 72.
289. Meyers, Apple IIe Owner’s Manual, 73.
290. Meyers, Apple IIe Owner’s Manual, 86
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Figure 5.24: Illustration Apple IIe Owner’s Manual Chapter 6290

standing around the computer desk (fig. 5.24).291 Despite the illustra-
tion of a classroom setting, the chapter on programming is certainly not
adapted to children in terms of vocabulary and remains rather technical.
Chapter seven on additional equipment is illustrated by a middle-aged
woman seated in a cubicle with an Apple IIe on her desk with a meeting
room behind where three men were discussing an architectural model
around the table.292 The Help chapter eight meant for programmers or
businessmen is illustrated by a retired man overlooking the sunset from
his sailing yacht, the newspaper on his lap sitting next to his Apple IIe

291. Meyers, Apple IIe Owner’s Manual, 86.
292. Meyers, Apple IIe Owner’s Manual, 95.
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computer.293 No other illustrations or images inside the manual’s chap-
ters show users in a working or lifestyle setting. Plenty of photographs
illustrate computer components, sometimes with a hand demonstrating
an action or pointing towards a part of the board. Other illustrations sup-
port the text throughout the manual, and in chapter three in particular.

How to care for an Apple IIe Computer

With the introductionofmicrocomputerswhich found theirway intohomes
andoffices, environmental requirements suchasdedicatedairconditioned
rooms with raised floors were a thing of the past. Still, Apple recom-
mended customers to find “a place away from direct sunlight or sources
of intense heat (radiator, fireplace) or cold.” The Apple IIe manual took
DEC’s recommendation not to spill any drinks on a computer one step fur-
ther by suggesting computers should not stand in rain or snow. Funnily
enough, the image of a computer on a yacht or a father checking out the
Christmas gift by the fireplace in the second TV commercial discussed in
the next section ignore the first two recommendations. Energy consump-
tion of the computer led the author to suggest using a grounded three-
wire outlet on a circuit that does not have an iron or electric heater or
other large appliance attached. Ventilation should not be blocked and in
keeping with the period, Apple’s final recommendation concerned avoid-
ing “excessive dust, dirt or cigarette ash” around the computer.294

As for floppy disks or in official terminology, flexible disks, users had
to avoid touching the disk itself, instead holding it by the jacket and la-
bel. Only a felt pen was gentle enough for writing on the attached label.
Sunlight, extreme temperatures, or moisture were equally damaging to
disks. Perhaps another familiar advice for computer storage predating
SSD technology was to “keep disks away from magnets or electrical de-
vices, especially telephones, television sets, and large motors.”295

293. Meyers, Apple IIe Owner’s Manual, 105.
294. Meyers, Apple IIe Owner’s Manual, 29.
295. Meyers, Apple IIe Owner’s Manual, 29.

322



EDUCATING THE NATION

Where is the power button?
As I discovered myself together with user test participants at the MAL,
starting the computer is not straightforward and requires a certain or-
der of successive actions. The first floppy disk drive needed to contain a
startup disk. Then the monitor or TV set should be switched on to warm
up. Finding the power switch without instructions was tricky for modern
day first time users without amanual in the reenactment, but themanual
clearly mentions “reach behind the left rear corner of the computer case
and find the power switch with your fingers.” The sounds of turning on
the computer are difficult to explain, but the handbook’s description is
quite good.296 After the first beep, the power light on the keyboard and
on the disk drive lit up “and the disk drive will make some whirring and
clicking sounds.” Once the programwas loaded from the disk, the sounds
stopped and the light on the disk drive turned off. The opening page of
the program then appeared on the monitor.297

I will not discuss the keyboard layout in great detail, but some keys
or layouts stood in stark contrast with current keyboards as the user ex-
periment demonstrated.

Figure 5.25: Apple IIe Keyboard298

296. In a video of the user experiment you can hear it for yourself.
297. Meyers, Apple IIe Owner’s Manual, 32.
298. Meyers, Apple IIe Owner’s Manual, 33
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The handbook mentions three control keys none of which are still in-
cluded on current Apple computers: the open apple, the solid apple, and
a reset button (see fig. 5.25). The reset button in combination with other
keys could restart the computer, stop a program, or start a self-test. The
open and solid apple are comparable to the command and option buttons
on current macbooks and invoke special functions. Also note the arrow
key layout which is counter intuitive to modern-day computer users.299

Apple IIe Components

The handbook explains the relationship of main memory and the proces-
sor inside the computer with peripheral devices such as the keyboard,
printer, disk drive and monitor through interfaces. The circuits connect-
ing a peripheral to processor andmemorymake up the interface.300 Soft-
ware fell into three categories: firmware, system software and applica-
tions programs. Firmware is installed on ROM in the factory and cannot
be changed. Other system software can be loaded from a disk and gen-
erally moves information to make the system easy to use. Finally, appli-
cation software can “organise information, do calculations, connect the
computer with a distant source of information, and so on.”301

The processor’s functioning is explained in simple terms which boils
down to “all it does, really, is find, move, compare and combine numbers”
and moving to the next instruction or another location in main memory.
In another interesting comparison, thehandbookexplains “mainmemory
is like a grid of thousands of pigeonholes or post office boxes, each iden-
tified by a number called its address.” The content of a post office box or
memory location can be a program instruction, memory address or char-
acter typed on the keyboard. To avoid confusion, areas for programs are
separate from areas containing information and some memory locations
are reserved for specific I/O devices such as the keyboard. Turning off

299. Meyers, Apple IIe Owner’s Manual, 40-41.
300. Meyers, Apple IIe Owner’s Manual, 46.
301. Meyers, Apple IIe Owner’s Manual, 47.
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the computer before saving workmeant that the information was lost.302

The descriptions of application programs include references to po-
tential users. One of the most successful software products for the Ap-
ple II in the 1980s was VisiCalc, an example of a spreadsheet software.
The manual recommended this type of software for real estate agents
to evaluate properties, for managers “to do financial modeling, create
forecasts, and develop pricing strategies,” and for the financial sector.303
Data Base Management applications included business and personal ex-
amples such as organizing business cards or “a collection of magazines
and professional journals” to find articles based on the title, but also an
address book or stamp collection.304 Examples of telecommunications
seem particularly useful to academics or students. Accessing a library
catalog fromhome, accessing a university computer centre, or evenmore
general services such as sending messages, posting on a bulletin board,
or accessing the news were all available on networked Apple comput-
ers.305 Two applications were built specifically for accessing the latest
Dow Jones news or keeping track of a stock portfolio again aimed at the
financial sector.

Finally, the list ends with other examples of users ranging from “sci-
entists, lab technicians, handicapped people, educators, oil rig operators,
librarians,” to other professionals.306 Librarianswere certainly early com-
puter adopters with examples of punch card systems being used for li-
brary loans and as a card catalog in public libraries in the 1930s.As for
computers helping the disabled, the BBC Micro also included software
for this particular use. Other software for the Apple computers was cata-
logued by type of user into business, games, and education. A dedicated
educational software directory was also available for teachers and stu-
dents.307

302. Meyers, Apple IIe Owner’s Manual, 49.
303. Meyers, Apple IIe Owner’s Manual, 80.
304. Meyers, Apple IIe Owner’s Manual, 81.
305. Meyers, Apple IIe Owner’s Manual, 82.
306. Meyers, Apple IIe Owner’s Manual, 83.
307. Meyers, Apple IIe Owner’s Manual, 111.
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In terms of peripherals the handbook mentions five types of print-
ers, several hand controls such as game paddles or a joystick for gaming,
a cassette tape recorder and other specific peripherals. The Apple IIe
connected to both parallel and serial printers but the interface card dif-
fered for each. The difference is that a parallel printer “receives informa-
tion one character (letter, number, etc.) at a time through eight wires,”
whereas a serial printer connected with the computer through a single
wire “one bit at a time.” Three printing methods were available: thermal,
dot-matrix impact, and letter-quality printers. A thermal printer required
heat-sensitive paper for drafts or charts but cannot print sharply on or-
dinary paper. The key selling features of a thermal printer were the low
decibels, and price, as well as reliability.308 A dot matrix impact printed
balanced price and quality by striking needleswith a tiny hammer to print
text and graphs. Finally a letter quality printer used letters instead of dots
in the form of a daisy-shaped wheel, thimble or golf-ball to print at the
highest quality and was more expensive.309 Cassette recorders could be
used to load programs or save programs but when cassettes were used
to read and write programs the two cables were required instead of just
one. Programs were saved via a cable connecting to themicrophone jack
of the recorder.310

5.2.4 Marketing a Personal Computer for Kids
From the myriad of users, beginners and experts, with different occupa-
tional backgrounds mentioned in the manual, Apple clearly marketed to
children and their parents in both printed advertisements and television
commercials. An analysis of the discourse in Apple’s advertisements an-
swers research questions on stereotypes associated with represented
users, the setting in which computers were used as envisioned by mar-
keteers and the emphasis on technical features, the user experience, or
status linked to the machine.
308. Meyers, Apple IIe Owner’s Manual, 96.
309. Meyers, Apple IIe Owner’s Manual, 97.
310. Meyers, Apple IIe Owner’s Manual, 99.
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Print Advertising
A two-page advertisement from 1984 titledWhy every kid should have an
Apple after school specifically targeted parents of children finishing their
secondary school education. The feature image of a student’s desk takes
up two-thirds of the page spread over two pages. Although the adver-
tisement makes no explicit reference to the gender of the targeted “kid,”
some of the many objects on the desk hint at a son. The more explic-
itly gendered references in figure 5.26 are a baseball cup, baseball and
glove, a sticker of the hard rock band Mötley Crüe, as well as a motor cy-
cle helmet and a motor cycle Polaroid picture. Other objects such as an
(empty) fishbowl and hamster running in a wheel inside its cage, as well
as a telephone hardly hint at a particular gender stereotype.311

Another interesting detail is the time indicated by the clock at 4.35
p.m. which iswhen kidswere likely back from school and startedworking
on their homework with cookies and milk. Finally, some of the subjects
on both the book covers and of the software packages hint at a rather
specific target user. Aside from a geology book and math software pack-
age, the software package titled Mastering the SAT points to a student
finishing secondary school and applying at universities. Other books fo-
cus more on computer applications such as Data Sources and the Apple
II Basic Handbook. Finally the Flight Simulator software package again
supports the argument that this advertisement implicitly targeted male
senior students and their parents.313

AlthoughAppledominated theUnitedStates computermarket for schools,
the company regretted that there were “still more kids in schools than
Apples.” Appealing to parents worried that their children would not gain
enough computer experience and describing the limited access to com-
puters at school the advertisement continues: “So innocent youngsters

311. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
312. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
313. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
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Figure 5.26: Why every kid should have an Apple after school.312

(like your own) may have to fend off packs of bully nerds to get some
time on a computer.” The solution? Acquiring a personal computer at
home. Not just any computer of course, but the Apple IIc which is sim-
ply a smaller version of “the leading computer in education, the Apple IIe
(...) the size of a three-ring notebook,” for the small price of one thousand
one hundred dollar. In keeping with the family discourse the IIc is called
the “legitimate offspring of the IIe” and thus has access to “the world’s
largest library of educational software” for all ages. In total there were
over ten thousand programs available for the IIc.314

The advertisement then turns its attention to software that could ap-

314. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
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peal to the parents and actual purchasers of themachinewith 3-in-1 inte-
grated business software, aswell as “homeaccounting and tax programs,”
and “diet and fitness programs.” Aside from two family programs such
as “Genetic Mapping,” the advertisement lists what is included in the box
“to start computing,” including an instructional computer course on four
diskettes. Since the monitor often wasn’t included, the computer came
with a modulator to attach almost any TV. Furthermore, the advertise-
ment mentions the internal memory (128K) at “twice the power of the
average office computer,” “a built-in disk drive” and the possibility to at-
tach “accessories like a printer, a modem, and AppleMouse, or an extra
disk drive.”315

Although Apple claims that one thousand one hundred dollars is a
small price earlier in the text, it goes on to justify such a price by claiming
that customers get value for money with more power than other comput-
ers and features such as the disk drive which “would drive up the price of
a less-senior machine.” Furthermore, the emphasis on built-in features
reflects Apple’s philosophy until this day. Apple prefers to keep software
closed-source and to use proprietary hardware, creating products that
are well-integrated into the family and that work well together.316

The discourse of the advertisement also flipped the script from the
computer teaching the kids to the kids teaching the parents but eventu-
ally getting tired of their questions. The advertisement even suggested
that parents talk to their own computer experts - “as soon as they get
home from school” - instead of authorized Apple dealers. Finally accord-
ing to the advertisement, only their Apple IIcwould keepupwith the “chil-
dren’s shoe sizes and appetite [growing] at an alarming rate.”317

315. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
316. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
317. ’Whyevery kid should have anApple after school’,Apple Computer Inc., 1984. http:
//www.macmothership.com/gallery/MiscAds/IIcspread.jpg.
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TV Commercials

The earliest Apple II commercial I found on the Internet Archive was re-
leased on 28 February 1985. Opening with calm pianomusic in the back-
ground and a female teacher closing a large classroom window wearing
a checkered dress and cardigan, she walks towards the blackboard and
rolls up a map of the United States. She stows away her Apple II inside a
computer bag but leaves themonitor on her desk. As she is putting on her
coat, she spots a young girl holding a lunch box and her school bag peer-
ing into the classroom door. The teacher nods her head encouraging the
girl to come inside. The narrator says “even though teaching tools have
changedover the years, two things about teachers haven’t. They still care
about kids, their day still doesn’t end at three o’clock.” The little girl en-
ters the classroom, and the camera zooms in on the faces of the teacher
and the student sitting next to each other in front of the computer (fig.
5.27). While the teacher is typing, the camera changes perspective to
show the girl’s surprised and delighted expression smiling at the teacher.
Next we see the scene from the back of the classroom revealing that the
two front school desks each hold an Apple II computer. The teacher and
students are studying a map on the monitor together. While the camera
slowly backs out of the classroom, the commercial endswith the narrator
saying “The Apple II. There’s no telling how far it can take,” followed by
the rainbow Apple logo on a black screen.318

Given the lack of any vendor information or metadata, this commer-
cial might have reached a national audience in the United States. Appeal-
ing more to secondary and primary schools, the message of the commer-
cial fits with Apple’s strategy of promoting the Apple II range mostly to
schools and later to parents and children at home.320

On 1 December 1985 Bright Ideas released a TV commercial titled a
ChristmasMiracle promoting the Apple IIc. This advertisementwas spon-

318. Apple II commercial (USA, 1985), airedFebruary 28, 1985,http://archive.org/
details/appleII_2-28-85.
319. Apple II commercial (USA, 1985)
320. Apple II commercial (USA, 1985).
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Figure 5.27: Still from Apple II commercial (00:17).319

sored by an Apple vendor called Bright Ideas located in Guilford, New
Haven County, Connecticut.321

With Christmas carols on piano in the background we see a white
middle-class man wearing a wedding ring seated on the floor of his living
room beside a Christmas tree in front of a crackling fireplace (fig. 5.28).
Theboxof theApple IIc is still on the sofa but he is plugging awire into the
computer with the manual in front of him on top of the monitor. The Ap-
ple IIc is described by the narrator as “the perfect computer to give your
kids, because Apples are the leading computers used in schools.” The
camera then moves to a range of floppy disks one of which dad inserts

321. Apple IIc commercial (USA, 1985), aired December 1, 1985, http://archive.
org/details/AppleII_1985-12-01.
322. Apple IIc commercial (USA, 1985)
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(a) 00:05 (b) 00:11

Figure 5.28: Stills from Apple IIc commercial.322

into the disk drive, followed by a shot of a boy and a girl in their pyjamas
looking down upon the scene from the decorated stairs (fig. 5.28). The
boy whispers: “This should be good,” and the girl, clutching a teddy bear,
replies “yeah” with a big smile on her face. The perspective changes
back to the father wearing shirt and tie while the narrator mentions busi-
ness and home finance programs and praises the easy set-up. Moving
between close ups of the keyboard, the father’s pleased expression, and
the screen showing a lion cartoon, the video ends with the young boy on
the stairs wide-eyed stating “another Christmas miracle.” The advertise-
ments ends with a view of the living room from the children’s perspective
with their father toggling on the computer.323

Even if Apple lost money by giving away computers to schools in Cal-
ifornia, introducing children to Apple computers in school meant indi-
rectly targeting parents and urging them to buy a computer for their chil-
dren. The previous two commercials were still aimed at younger children
in primary school, but the next TV commercial shifts demographics to
teenage boys. This particular commercial also fits the hacker and geek
computer boy stereotype that Steve Wozniak remembered in the Hack-
ers documentary.

323. Apple IIc commercial (USA, 1985).
324. Apple II commercial (USA, 1986), aired March 28, 1986, http://archive.org/
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Figure 5.29: Still from Apple II commercial (00:25).324

When the Christmas holidays and sales periodwaswell and truly over,
another 30-second commercial aired on 28 March 1986. The commer-
cial starts with a father walking into the study where his teenage son is
working on the Apple II and purposefully eyeing his watch. The narrator
explains “using an Apple II is very easy, the only hard part is getting your
kid away from it.” The camera zooms in on the boys hands stroking the
keyboard and his glasses reflecting the screen while he rolls his eyes at
his fathers presence. The father then walks away and comes back with a
skateboard, then a basketball, and dangling keys in front of his sons eyes
but without any success. As the narrator explains from the father’s per-
spective “you see Apples are the leading computers in schools. So even

details/Apple_II_commercial_USA_1986
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though you bought it to help youwork at home, your kidwill want to use it
for his own homework.” The narrator then suggests a final solution: pur-
chasing an Apple for the kid. The father proudly walks into the study one
last time holding a box with a brand new Apple II, turning his sons head
to look at his gift (fig. 5.29).325

Some similarities between the first three TV commercials were the
voice of the narrator and the use of soft piano music in the background.
The standard length of a commercial was 30 seconds. Each commercial
centered around children as computer users. Finally, all commercials
ended with the name of the computer model in white letters on a black
background, followed by the rainbow Apple logo. The last commercial
I found on the Internet Archive differs slightly from the previous three
but still emphasizes the goal and audience of Apple’s marketing strategy
even more.

Two years later, another Apple commercial aired on 13 November
1988 starting with a black-and-white scene of father and son launching
a home made rocket in the back yard of a white picket fence house with
a dog house and washing hanging outside emulating 1950s family living.
Next, another father and son team in checkered pyjamas were lying on
the living room floor watching a toy crane under the Christmas tree with
a vintage television in the back. The third scene shows a boy and girl sit-
ting at the kitchen table watching ants move inside a glass display filled
with sand with their mother standing in the back wearing and apron and
smiling down upon her children (fig. 5.30). Then we see a boy and girl
studying an anatomymodel in their bedroomwith books in front of them,
the girl turning away with a disgusted look. The fifth scene shows a little
boy andhis father studying chemistry in the garage. Thenarrator explains
the nostalgic black-and-white scenes. “Remember how determined your
parents were to give you the gift of knowledge. Nomatter howmany gifts
it took?” Colour finally returns and the camera zooms in on anApple II GS
in a children’s roomwith a toy truck and skateboard beside the computer
(fig. 5.30).

325. Apple II commercial (USA, 1986).
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(a) 00:07 (b) 00:14

Figure 5.30: Stills from Apple IIGS.326

The screen shows themovements of themoon around the earthwhile
the narrator continues “today you have a big advantage with the Apple
II GS.” The set up changes to a computer surrounded by a piglet and an
elephant toywith a fishmoving on the screen, a rocket launch on the next
screen where the Apple computer is surrounded by a guitar and dinosaur
toys, andback to theoriginal rocket launch scene inblack-and-white. The
narrator ends by alluring to the parent’s need to do what’s best for their
children saying “your parents gave you the world, you can give your kids
the universe.” This inter-generational commercial appeals to the 1980s
parent with a sense of nostalgia and a call to action for modern parents
to do better than their own parents. An interesting details at the end is
the addition of the catchphrase “the power to be your best,” underneath
the Apple logo.327

One thing that strikes me in these commercials is the lack of women
and girls as active computer userswith the exception of first the teacher’s
advertisement.328 The last commercial showed a sister looking at what
her brotherwasdoingwith disgust and theChristmas commercial had the

326. Apple IIGS (USA, 1988), aired November 13, 1988, http://archive.org/deta
ils/Apple_IIGS_USA_1988
327. Apple IIGS (USA, 1988).
328. Apple II commercial (USA, 1985).
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sister simply confirmingwhat her brotherwas saying.329 Fathers seemed
to be responsible for introducing their children to the computer, if they
hadn’t already been introduced to Apple computers at school of course.
The only mother-figure in the nostalgic part of the final commercial was
simply smiling at her children and standing in the kitchen.330 These toxic
gender stereotypes of women as non-users or girls as passive observers
in commercials was less present before the hackers stereotype became
mainstream in the second half of the 1980s.

5.3 The American and British Approach to
Personal Computers

The personal computer revolution of the late 1970s and early 1980s did
not revolutionize technology itself, but rather the miniaturization and de-
creasing price of components meant personal computers were more af-
fordablewhich in turn changed thehuman-computer interaction. Whether
personal computers democratised technology however, remains at the
centre of the debate. Joy Lisi Rankin distinguishes between the com-
puting citizens using time-sharing systems in the 1960s and 1970s and
the users of personal computers as mere consumers or end-users. Per-
sonal computing gave computing citizens access to computers in com-
munal institutions such as universities and colleges via terminals and un-
like users of personal computers allowed them to actively participate and
write their own programs whereas end users and consumers purchased
personal computers and software. Personal computers turned users into
consumers, and expert users such as the computing citizens described
by Rankin must have perceived the personal computer as a consumer
product for which as Ceruzzi stated the price to be paid was corporate
- or in the United Kingdom government - control. Nevertheless, novice
or amateur end-users did gain access to a technology few people previ-

329. Apple IIc commercial (USA, 1985); Apple IIGS (USA, 1988)
330. Apple IIGS (USA, 1988).
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ously understood and with commercialization came increased usability
for people outside of certain occupations and research institutions. The
introduction of personal computers however, also highlighted national
differences within the relatively small Anglosphere.

The Computer Literacy Project in the United Kingdom represented an
effort from a national broadcaster in collaboration with the government
to educate the nation. The centralised approach of combining diverse
learning materials such as handbooks, television series, courses organ-
ised by the NEC and Open University, and a support service providing in-
formation on different initiatives withing the project was coordinated by
the BBC. Funding schemes for schools purchasing equipment, adapting
the curriculum and training the teachers was organised by the govern-
ment and often included the BBC Microcomputer. In the United States
the development of the personal computer for the consumer market was
left to entrepreneurs and established companies. While some states en-
couraged manufacturers to donate or discount personal computers for
schools, the introduction of the personal computer in the United States
is characterised by decentralisation.

Did Apple and Acorn differ as fundamentally as the nations in which
they operated? Apple’s founding myth traces the origin of design ideas
for the Apple II to Steve Wozniak’s membership of the Homebrew Com-
puter Club, a similar hobbyist environment brought many employees and
loosely associated people at Acorn in contact at the CUMG. Both associ-
ations were located near or within universities with Homebrewmeetings
taking place on the Stanford campus. Apple’s Steve Jobs andAcron’sHer-
mannHauser have emphasized their ability to find the right people. While
Apple soon evolved to a multi-billion profitable company steered by mar-
keteers and managers, Acorn’s management was often criticized by the
BBC and the company was eventually taken over by Olivetti. Apple’s first
product, the Apple I, was still sold as a hobbyist assembly kit, whereas
Acorn first sold components for industrial applications. The legendary
prototyping week as told by Acorn employees to win the licence and de-
velop the BBC Microcomputer system carries a striking resemblance to
Wozniak’s brilliant designer narrative. The hacker culture Wozniak iden-
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tified with and the Apple IIs role within this culture however was a deci-
sivelyAmericanphenomenonfitting into individualism, andanti-establishment
sentiment against corporate control. The BBC Micro was licensed by a
national broadcaster and tied to government initiatives far removed from
hacker culture. The BBC even actively avoided featuring brilliant young
users to prevent scaring adults.

Steve Wozniak’s goal was to build a machine for himself and share
his machine with others, while Steve Jobs’s vision together with Apple’s
managers was to turn the Apple II into a consumer product attractively
encased and sold almost fully assembled appealing to a homeuser rather
than a hobbyist market. The BBC Microcomputer fit into a project to edu-
cation the nation and was primarily aimed at adults and home users be-
fore being adopted by schools. The key difference between the introduc-
tion of microcomputers in schools in the Unites States as compared to
the United Kingdom lies in the governmental structure for education. In
the decentralised educational system in the United States, the respon-
sibility for education lies with state governments and “there is no gen-
eral plan for the introduction of computers into schools all over the coun-
try.”331 Some states such as Tennessee “provide funding, support and
expertise,” through the “first statewide mandated computer literacy pro-
gram ”Computer Skills Next”” which distributed 14.000 Apple comput-
ers to local schools between 1984 and 1986.332 Other states place the
responsibility on schools themselves.333 In California tax incentives en-
couraged computer manufacturers to donate “13.000 microcomputers
to schools in 1983.”334 The United Kingdom combined a centralised pro-
gram from the DTI to introduce Micros in Schools, while still retaining a
certain level of autonomy for the LEAs who are in charge of education.335

Fromtheperspectiveof school childrenand teachershowever,whether
or not schools owned a computer was less important than how often and

331. Vasko and Dicheva, “Educational Policies: An International Overview,” 4.
332. Vasko and Dicheva, “Educational Policies: An International Overview,” 4,6.
333. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
334. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
335. Vasko and Dicheva, “Educational Policies: An International Overview,” 9.
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for how long students were allowed to interact with the computer. In the
UnitedStates primary schoolsmadeuse of the computer for about eleven
hours per week compared to thirteen hours for secondary schools.336
In 1985, there were thirty four students per microcomputer and an es-
timated twenty students per microcomputer by the end of 1987.337 Ac-
cess to microcomputers for individual students in the United States dif-
fered substantially between primary and secondary schools.

At the elementary school level the trend is to give many stu-
dents access to computers, unlike the secondary level where
the trend is to give longer access time to only some of the stu-
dents. The median number of minutes of computer time per
week per student user in elementary schools is 23 and in sec-
ondary schools it is 45. Typically in secondary schools 64 per-
cent of the students who use a micro get more than 30 min-
utes of computer time each week in comparison to only 24
percent of the student users in elementary schools.338

In theUnitedStates in 1983 themajority of schools owningmicrocom-
puters had fewer than five computers and only ten percent of secondary
schools linked their computers into a network. Whereas by 1985 in the
United Kingdom, secondary schools typically owned nine or ten comput-
ers and they were often linked by a network.339 There is no information
regarding the amount of time students were given access to computers
in the United Kingdom in the 1980s.

At a time when teachers were not necessarily very familiar with com-
puters, they too needed training. In the United States such education
was sometimes provided by the computer manufacturer. The MEP in the
United Kingdom on the other hand also included teacher training through

336. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
337. Hebenstreit 1986, in Vasko and Dicheva, “Educational Policies: An International
Overview,” 6
338. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
339. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
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regional centers. Teacherswere required to attend the training as a condi-
tion of the government funding for purchasingmicrocomputers in schools.
Another possibility for teacher instruction were courses offered by the
Open University, the BBC and the NEC. The regional centers also devel-
oped and disseminated software and accompanying materials and were
“equippedwith a library containing software packages and other relevant
teachingmaterials aswell as computers that teachers canmakeuseof.”340
In the United States however some 750 private companies produced ed-
ucational software.341

In theUnited States in 1985 “commercially available educational soft-
ware”mainly focusedonmathematics (28%), and closely followedby lan-
guage (21%), science (11%), social studies (6%), and reading (5%). Most
educational software was compatible with the Apple.342 In the United
Kingdom in 1983 around sixty publishers sold courseware at an average
cost of £10 per program offering about 250 packages for children aged
six to fourteen.343 However in 1986 there was “still a shortage of well
designed educational software for primary and secondary schools” de-
spite the efforts from the MEP.344 Aside from the topics covered by ed-
ucational software, there were two broadly defined types of exercises:
drill-and-practice and computer literacy. In the United States that differ-
ence manifested itself based on the educational level.

Typically in elementary schools, about 40 percent of the time
microcomputers are used for drill-and-practice mainly in ba-
sicmathematical and languagearts skills. In secondary schools
about 70 percent of computer time is used for teaching com-
puter literacy, andonly18percent is used for drill-and-practice.345

340. Vasko and Dicheva, “Educational Policies: An International Overview,” 9.
341. Vasko and Dicheva, “Educational Policies: An International Overview,” 6.
342. Williams & Williams 1985 in Vasko and Dicheva, “Educational Policies: An Interna-
tional Overview,” 6.
343. Vasko and Dicheva, “Educational Policies: An International Overview,” 9.
344. Vasko and Dicheva, “Educational Policies: An International Overview,” 9.
345. Vasko and Dicheva, “Educational Policies: An International Overview,” 7.
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The focus on drill-and practice declined “as schools gain greater experi-
ence in using microcomputers” and instead made way for “teaching pro-
gramming both in secondary and elementary schools.”346 In a third stage
the trend shifted from computer literacy to “integrating computer edu-
cation into the curriculum.”347 Similar to the second stage in the United
States, in the United Kingdom the emphasis was “on teaching the subject
Computer Studies” in secondary schools, dealing “with theprinciples and
applications of computers.”348

Apple II sales have benefited from successful software on numerous
occasions. Financial software like VisiCalc for spreadsheets and Apple
Writer for word processing appealed to business users.349 Offering the
Apple II to the MECC led to the development of educational software.
Without applications teachers could not make good use of microcomput-
ers and MECCs software library had a good reputation. MECCs software
library written for Apple computers “gave Apple a strong foundation in
selling to students, their parents, and educators in the early 1980s.”350
The use of Apple II computers in schools was then capitalized on through
advertisements appealing to children and their parents to start using the
same computer at home. The BBC Microcomputer was not advertised as
much in television commercials or print, but relied on indirect promotion
through television programmes for The Computer Literacy Project. Peo-
plemainly purchased theBBCMicrocomputer to experiment at homeand
the introduction in schools through government schemes came one year
later. Rare advertisements for the BBC Microcomputer focused on tech-
nical specifications, whereas Apple emphasized the use and experience
and elicited an emotional response from parents.

346. Second national survey mentioned in Vasko and Dicheva, “Educational Policies: An
International Overview,” 7.
347. Vasko and Dicheva, “Educational Policies: An International Overview,” 7.
348. Vasko and Dicheva, “Educational Policies: An International Overview,” 10.
349. Ceruzzi, A History of Modern Computing, 267-268.
350. Rankin, A People’s History of Computing in the United States, 240.
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Chapter 6

Conclusion

On a dark and dreary Saturday evening in November 2021, I revised this
conclusion and reflected upon technology past and present. My desk is
scattered with several computing devices (phone, tablet, laptop). The
manuscript is visible in the online editor in its raw and compiled version,
and as a PDF on the tablet. Like notes taken on paper, I formulate my
thoughts by moving the stylus across the tablet. An application allows
me to open the notes on my laptop. As an additional revision, after a sip
of coffee, I then typemynotespairedwith editorial commandsas raw text
in the editor, only to compile the next version of the dissertation. Soon I
will download the final manuscript as a PDF filled with cross references
and external links, save the file on the cloud, and send my jury a link to
the document via e-mail.

Technology has become intertwined with our lives and work, but we
rarely actively reflect on our own use of computing devices. In this con-
clusion I aim to reflect upon the positionwe have as a researcher, and the
influence of the present on the questions I ask regarding the past. The
conclusion begins by addressing the research questions, followed by a
methodological reflection.

While case studies offer an in-depth look into the computer models
used for specific applications by a variety of users in a clearly delineated
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period of time and local context, a comparative perspective answers key
questions of continuity or discontinuity, similarities and differences. Are
there parallels between case studies spanning the decades between the
1940s and the 1980s during the design, production, sale, installation, ap-
plication, and use stages? Sections 6.1 and 6.2 address this question
based on the content of the five case studies presented in the previous
four chapters.

Section6.3discusses changes inworkforce composition,working con-
ditions, and gender stereotypes in advertising. In addition, the section
also discusses the lack of gender in the research, as well as sources and
methodologies for research about gender in computing from the 1990s
until now. Next, section 6.4 discusses the influence of user perspectives
and the accompanying types of sources on the analysis and interpreta-
tion. The research comes full circle in section 6.5, assessing the life cycle
methodology and focusing in particular on the decommission and reuse
phase of objects. Finally, section 6.6 reflects on the limitations and pos-
sibilities of the methodology and sources, and suggests possibilities for
further research.

6.1 The Birth of the Machine
Life cycle studies emphasise the process behind the object from produc-
tion over distribution to consumption. This perspective also includes the
role of human actors who design, build, market, sell, buy, and use com-
puters. Rather than focusing on the object in one particular moment in
time and space, the life cycle framework spans multiple contexts. When
computers become increasingly invisible through notions of the cloud, or
vocabulary such as smartphone, and the materiality of technology is lost,
then it is easy to forget those who conceive of, and build these devices.
The following paragraphs compare the designers and the design process
across all case studies.

At the end of the nineteenth and the beginning of the twentieth cen-
tury, punch card machines were attributed to single inventors like Her-
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manHollerith or JamesLegrandPowers. Soon, their businessesexpanded
and merged into International Business Machines (IBM), or Remington
Rand and Powers-Samas. From the 1960s System/360 (S/360) main-
frame to the 1980s Apple IIe, the computers discussed in case studies
were always designed by teams. At IBM a team of managers set out the
new product line (NPL) strategy, only for R&D teams to design CPUs and
peripherals for the S/360. DIGITAL on the other hand relied on informal
teams of engineers to design the next programmed data processor (PDP)
of the family. Both the Acorn and the Apple teams consisted of people
who met through computer clubs linked to a university area: the Cam-
bridge University Microprocessor Group (CUMG) in Cambridge and the
Homebrew Computer Club at Stanford. The Digital Equipment Company
(DEC) founders met in a similar setting at the Massachusetts Institute of
Technology (MIT) Lincoln Labs andbothworkedonan IBMproject (SAGE).
However, DEC and IBM were already established companies when they
developed the PDP-11 and the S/360, whereas Acorn and Apple were
only in their start-up phase when the BBC Micro and Apple IIe came out.

The design of computing devices has often been attributed to a sin-
gle person, whereasmy research has emphasized the team effort. These
teams in turn reflect the corporate culture and social context of the time
and place. While Henry Glassie’s master contexts of objects start from
creation, Karin Dannehl’s life cycle studymodel begins with production.1
I argue that the life cycle of computing devices or objects more broadly,
ought to include the design phase as well. The design phase expands be-
yond object biographies and shares similarities across exemplary case
studies. Karen Harvey’s steps for material culture research include an
object description, historical and socio-cultural context.2 I agree that de-
signs are not conceived of in a vacuum. On the one hand and to a small
extent designs are inspired by existing devices. On the other hand, de-
vices are constructed in a socio-cultural context. The economic context
however should also be taken into account, since few computers were

1. Glassie,Material Culture; Dannehl, “Object Biographies.”
2. Harvey, History and Material Culture.
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designed without any economic incentive.
James Legrand Powers built the mechanical equivalent of Hollerith’s

electrical punch card machines for the United States Census. Reming-
ton Rand and Powers-Samas continued to add to Powers’s original line
of punch card equipment. The S/360 design was based on a shared set
of ideas developed by the Systems, Programming, Research, Engineer-
ing and Development (SPREAD) team, resulting in a family of compati-
ble CPUs which connected to either new peripherals, or to peripherals
adapted from earlier designs. DEC also developed a family of PDP mini-
computers that through its UNIBUS could connect to a number of periph-
erals. There are two similarities between the PDP-11, BBCMicro and Ap-
ple IIe. First, all designs expanded on existing devices (previous PDPs,
the Acorn Atom, and the Apple II). Second, each designmythmentions a
prototype developed against a tight deadline. A key difference between
DEC’s PDP-11, the BBC Micro, and the Apple IIe lies in the origin of com-
ponents. DEC had started as a manufacturer of logic modules, and had
even purchased a section from the Radio Company of America (RCA) to
string cores and later produce video monitors in-house, much like IBM’s
Solid Logic Technology (SLT) modules. Acorn incorporated components
from other manufacturers such as Ferranti, and later developed chips it-
self. In fact, the Acorn subsidiary ARM is the only part of the former cor-
poration still around today. According to Steve Wozniak, Apple grew be-
cause of cheaply available silicon computer chips.3

In the 1960s and 1970s computing devices were designed as fami-
lies of products, at a time when family life was often idealized. Design
myths of quickly developed prototypes in the 1970s and 1980s reflect
the fast pace and incentive for designers to innovate. At first larger organ-
isations and businesses needed computing devices, but from the 1970s
onward, users and then consumers became important customers. Thus
collectives made way for an increasingly individualised Western society
and computers became consumer products. While more people contin-
ued in higher education, and students were encouraged to become en-

3. Florin, Hackers: Wizzards of the Electronic Age.
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trepreneurs, ownership of computers like access to education, became a
symbol of status. Others who actually built components and assembled
computerswere considered lower class, andmanual labour in production
was often overlooked in sources, but also in companies.

One of the most difficult life cycle stages to reconstruct was the pro-
duction phase. Production is often poorly documented, unless issues
caused significant delays (BBC Micro), or if a company history (DEC) also
included testimonies and information about production facilities. I imag-
ine punch card equipment was assembled in a machine shop setting, re-
sembling an open factory floor, scattered with tools and equipment sim-
ilar to a car maintenance garage. From IBM’s Bildkatalog I gather that
each facility specialised in aparticular peripheral or system. Components
weremadeonassembly lineswheremachinesalsoperformed tasks. DEC’s
case mentions largely female, blue-collar workers (Gloria’s Girls) mak-
ing the smallest components, as well as a facility taken over from RCA
in Taiwan with a predominantly young female workforce. The company
also greatly expanded production outside of the United States. Acorn on
the contrary, fully outsourced production to national original equipment
manufacturers (OEMs) in the United Kingdom. Consumers nowadays pay
more attention to the provenance of rawmaterials and the environmental
impact of the production and distribution of computing devices, as well
as the working conditions in mines and factories, even when production
is outsourced. The environmental impact of the production of technol-
ogy, especially from the 1970s onward when computers were produced
in much larger quantities, certainly presents an opportunity for further
research.

Glassie’s second master context of communication leans towards ad-
vertising as a sales strategy, whereas Dannehls notion of distribution is
more closely related to the installation phase of the life cycle framework
for my research. Sales strategies varied for each case study. Promotion
for punch card equipment from Remington Rand relied on testimonials
from customers such as Helena Rubinstein in printed leaflets, attaching
their brand to other successful businesses. They also sent existing cus-
tomers leaflets of new equipment featuring operating instructions and
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examples. IBM boldly announced the new system in 1964, three years
before the first S/360s were shipped, generating a lot of media attention.
Since IBM often leased equipment, salesmen tried to convince existing
customers to upgrade to a newer system. DEC’s sales team mainly con-
sisted of engineers who were encouraged to visit customers regularly in
order to understand user concerns and demands. Their strong user base
shared software via the Digital Equipment Computer Users Society (DE-
CUS) and DEC printed cheap paperback user manuals to share as promo-
tional material at conferences. For all aforementioned established busi-
nesses, retaining customers was as important as, if not more important
than, convincing new potential users. Although IBM certainly took part in
government funded projects (e.g. SAGE), only the 1980s case studies ad-
vocated for government funding (BBCMicro), or tax discounts (Apple IIe)
formicrocomputers in education. This discount or funding in combination
with either direct (Apple commercials), or indirect (BBC’s The Computer
Programme) promotion via television boosted sales for younger computer
companies.

A key moment in the transition from communication and distribution
to consumption is the installation. As computing devices changed over
time, installation became less cumbersome, but users were also increas-
ingly responsible for installing their purchase. While Powers-Samas in-
stalled the equipment, miss Summerell, new head of the Powers room at
Helena Rubinstein in London, was responsible for designing and ordering
the punch cards and other office supplies. She also needed to hire and
most likely train new personnel. The IBM S/360, and larger installations
in particular, required some customers to consult architects or engineers
tobuild a roomwith reinforced foundations, adhering to additional electri-
cal and fire safety regulations, a raised floor to run cables, and bespoke
air conditioning inside this cold room. The smaller S/360 model 20 did
not require a reinforced floor or air conditioning, but did often sit on a
raised floor to hide cables. The peripherals and storage mediums also
occupied space inside offices. Despite the name minicomputer, PDP’s
were often placed inside cabinets and kept in a separate computer room.
Occasionally, terminals connected to the PDPwere placed in adjacent of-
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fices. DEC’s customers were responsible for ensuring that the material
could get to its intended place, but DEC engineers installed the equip-
ment. Only with the introduction of personal or micro-computers did
customers install the device themselves. While IBM and DEC published
separate installation manuals, Acorn and Apple simply provided basic in-
structions on how to connect the cables in a much more condensed user
manual.

BothGlassie andDannehl’s life cycle endswith consumption,whereas
I prefer to split this phase into installation, followed by application and
use because these phases imply amore active involvement of people dur-
ing an objects’ life cycle. Structuring case studies according to my ex-
panded notion of the life cycle frommaterial culture, and considering the
social construction of technology from science, technology and society
studies allowedme to focus on human actors for all phases of the design.
As a historian these frameworks inspired me to reflect upon the prove-
nance of material objects as I would for other sources.

6.2 Computers at Work
The application and use phasewas central to the research, with attention
for occupational segregation and working conditions of computer users.
In accounting at Helena Rubinstein, a small team of women worked in
the Powers-Samas room between 1955 and 1963. Afterwards, the team
moved to another facility with International Computers and Tabulators
Ltd. (I.C.T.) punch card equipment, until accounting was outsourced in
1972, making staff redundant. Women working as keypunchers or tabu-
lators followed strict procedures and reported to both female and male
managers. Thepredominantly femaleworkforceof keypunchers and later
data typists offered few chances of upwardmobility with repetitive tasks
in a noisy environment. Nearly all types of computing devices until the
end of the 1970s required data typists to enter information on punch
cards, tapes, or disks. Only when the technology became obsolete, did
these jobs start to disappear.
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The introduction of terminals to access minicomputers on the other
hand changed working conditions both for on-site employees and pro-
grammers working from home; Engineers at NASA for instance shared
an open office adjacent to the computer room, but were separated from
the noisy, air conditioned and pertinent smell of dust on wires by a glass
window. Despite minicomputers’ decreased size and the relatively lower
cost of hardware, the increasedaccessibility through terminals gaveusers
the impression of direct access while simultaneously keeping the com-
puter room locked tight for most users.

Personal computers supposedly revolutionisedcomputing in the1970s
and1980s, butwhile amicrocomputer becamemoreaffordable formiddle-
class families andwas increasingly introduced in homes and schools, the
interface effectively black boxed computers. Commercial software as
well as educational software developedby the government,mediated the
user interaction with personal computers. Software thus evolved from
rudimentaryprogramsdistributedby themanufacturerwith thepurchased
hardware such as IBM’s S/360 and supplemented with programs devel-
oped by users, to user societies such as DECUS where users shared the
programs they wrote for free, eventually resulting in a software indus-
try that outpaced profits from hardware sales. By the 1980s software
started selling personal computers with programs like VisiCalc.

As Michael S. Mahoney’s work suggests, computing constitutes such
a diverse field that we should speak of histories rather than the history of
computing.4 The case studies throughout the thesis have only scratched
the surface of computer applications from accounting, to the medical
laboratory, aircraft design and computers in aerospace, and computers
in education. The applications do display an evolution from computers
which impacted people other than users indirectly for instance through
invoices, medical results, and air travel, to a democratisation of comput-
ers allowing direct interaction for microcomputer users.

Occupational segregation remained rather constant, and female dom-
inated repetitive jobs offered little upwardmobility, payed less, andwere

4. Mahoney, “The History of Computing in the History of Technology.”
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often overlooked, especially in the United Kingdomand theUnited States.
Inequality in access to occupations related to computer applications thus
persisted, and the frameworkof intersectionality pushedmeasa researcher
to consider who was left out. The advertisements and images of people
working for computermanufacturers or in user applications show very lit-
tle diversity - gender or otherwise. The only exception to this lack of par-
ticularly racial and ethnic diversity can be found in DIGITAL’s outsourced
manufacturing plants in blue-collar areas in Puerto Rico or employing
youngwomen inTaiwan toproducecomponents. Yet theblue-collarwork-
ers arementioned as a collective and were not pictured in the company’s
advertisements or collection of still images. Microcomputer companies
simply purchased ever cheaper components and assembled the hard-
ware in the United Kingdom or United States rendering the workers of
component manufacturers increasingly invisible.

6.3 Depictions of Technology
Advertisements for each case study illustrate an evolution from a clear
focus on the product emphasising technical features and efficiency gains
for executivesormanagerspurchasingRemingtonRand’spunchcardequip-
ment, to the personification of applications in IBM’s S/360 announce-
mentwhere communicationwasgendered femalewhile engineering, busi-
ness, and control applications were gendered male. The equipment re-
mained the central focus in product leaflets fromDEC’s PDP-11minicom-
puter, however the imagesalso showmany (female) users atwork. Women
actively used theminicomputer but did not actively engage with the audi-
ence. Although women worked predominantly in data entry and almost
half of the programmers were female, their presence in advertisements
was sometimes meant to make the technology look easy to use despite
their expertise. As Andreas Fickers has illustrated for radio advertise-
ments and interfaces, several technologies have evolved from boy’s (or
rather men’s) toys for experts and hobbyists to black boxes with user in-
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terfaces meant to make technology accessible for women.5
Advertisements pictured white users by default and only the images

in Apple’s manual included a woman and a girl of colour, neither seated
at the computer.6 In fact, Apple proved to be rather exceptional even for
its gender diversity in commercials and print advertising.7 Another inter-
sectional imbalance especially observable in the United Kingdom, coun-
teracted the genius entrepreneur and boys toys narrative of the United
States by hiding youth as expert users in the Computer Literacy Project
in an effort to interest and educate novice adult users. At the same time
adults were motivated by an instilled fear of missing the computer revo-
lution and losing jobs replaced by technology. Computer companies ap-
pealed to parent’s sense of responsibility to offer their children better
opportunities by providing them with computers at home and at school.

I started my research with a clear agenda of studying gender in an in-
tersectional framework throughout the history of computing in terms of
occupational segregation, working conditions, and stereotypes in adver-
tising. This original intention diminished as research progressed, mainly
because of source limitations. Attempting to uncover occupational seg-
regation, especially in the past, is complicated, because few sources are
available. Human Resources are rarely transparent, and privacy regula-
tion makes personal records of employees inaccessible. While govern-
ments nowadays publish public reports about gender and diversity, and
current technology giants like Meta (formerly Facebook), Alphabet (in-
cluding Google), Microsoft, and others shared the gender balance of their
employeespressuredbymedia, little information concerningoccupational
segregation is available for the period of my study.8 The Occupational

5. AndreasFickers, “VisiblyAudible: TheRadioDial asMediating Interface,”TheOxford
Handbook of Sound Studies, December 2011, 430, https://doi.org/10.1093/
oxfordhb/9780195388947.013.1001.
6. MatthewWeinstein, “Computer Advertising and the Construction of Gender,” in Edu-

cation/Technology/Power: Educational Computing as a Social Practice, ed. Hank Bromley
and Michael W. Apple (Albany, NY: SUNY Press, 1998), 87.
7. Weinstein, “Computer Advertising and the Construction of Gender,” 99.
8. Indicator: ICT specialists by sex | Gender Statistics Database, 2004, https://eige.

europa.eu/gender-statistics/dgs/indicator/ta_wrklab_lab_employ_
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Outlook handbook provided some insight into (gendered) occupations for
the 1970s. Still, data was often aggregated in large occupational cate-
gories to a point where the actual role of employees became unclear.

When researching working conditions in the present, methods from
UXdesign suchasworkplaceobservationspairedwith contextual enquiry,
semi-structured interviews, and questionnaires can offer a good insight
into the personal experience of computer users at work. Few publica-
tions captured the experience of a remembered user, making working
conditions more explicit. DEC’s company history of 1978 was based on
testimonials of (former) employees, ethnographic observations between
1989 and 1991 captured the working conditions and environment in air-
port control rooms, and The Legacy of the BBC Micro report published in
2012 used a questionnaire to gauge the computer experience of former
1980s British students. Unless results from the aforementioned types
of research are published or shared for the past, the best method for re-
constructing working conditions is to gather different types of sources
to assemble a scene of the working environment and the work process:
product leaflets, installation and user manuals, images, video’s, seeing
the computer on display, or experiencing the device while it is running.
Only visual cues and gendered discourse in text however, indicate how
the working conditions might have differed based on gender.

6.4 Computer Users
The user typology proposed by Andreas Fickers in table 1.1 guided the in-
terpretation of sources throughout the research.9 Both the typology and
the sources merit closer inspection since theoretical frameworks shape
the interpretation and influence my perspective as a researcher. The
configured user as “defined by industry, manufacturer or marketing de-

selected_kwnd__isoc_sks_itsps/hbar; Miriam Quick and Stephanie Tomasevic,
Diversity in Tech, 2014, https://informationisbeautiful.net/visualization
s/diversity-in-tech/.
9. Fickers, “Experimentelle Medienarchäologie.”
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partment” featured prominently throughout case studies in large part be-
cause of the availability of user manuals and advertisements.

Comparing manuals from each decade offers insight into the chang-
ing target audience and purpose as well as the working conditions for
users based on environmental requirements. Up until the 1980s expert
users could refer to the manual for information on the system architec-
ture, the inner andouterworkings of components, andpossible configura-
tions. Programmers could find instructions in the manual and operators
could find explanations of the interface. The purpose of handbooks dif-
fered and while IBM had published a library as part of their customer ser-
vice for training employees, DEC had integrated manuals as part of sales.
Whenmicrocomputers and personal computers entered themarket how-
ever, the manuals - like the machines - targeted mostly novice or ama-
teur users. Since manufacturers no longer installed the device, manuals
now startedwith a new section on set-up instructing customers to attach
other home technology. While teaching novices to type, manuals tried to
remain relevant for experienced users through programming instructions
or by focusing on expert applications as well. Ever since the 1980s how-
ever, user manuals have shrunk to a list of cautions and warranty state-
ments presupposing that users are familiar with similar devices and that
computers are so intuitive, explanation is no longer required.

The limitations of user manuals as a source are threefold. First, the
mere existence of user manuals does not prove that users read the man-
ual at all, nor how frequently users consulted the manual. Second, a
handbook does not contain workaround or other forms of user appropri-
ation. Since instructions were often written before any equipment was
tested, manuals could included mistakes or fail to solve errors users en-
countered.10 Third, the configured user as envisioned by the manufac-
turer by no means corresponds to the real user. Few students in British
schools of the 1980s lucky enough to get access experienced the fear the

10. Jasmin Meerhoff, Read me! Eine Kultur- und Mediengeschichte der Bedienungsan-
leitung (Bielefeld: transcript Verlag, 2011), 45, https : / / doi . org / 10 . 14361 /
transcript.9783839416259.
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BBCpresumed fromadult novices for instance. Norwere expert program-
mers impressed by the long list of BASIC instructions as reviews and oral
histories show. Yet without the understanding of how devices functioned
andwhatmanufacturers instructed,my reconstructionof computer use(rs)
and working conditions might not be possible at all. So yes, our under-
standing of the past is mediated and limited by sources that itself rely
on an imagined reality. The combination of multiply realities from sev-
eral types of sources and user perspectives can still result in a founded
reconstruction of the past.

Advertisements as a source present similar challenges because they
depict the configureduser as envisionedbymanufacturers andmarketers.
This image does not necessarily correspond with the characteristics of
people actually interacting with computers. However, the (visual) dis-
course in an advertisement can expose stereotypes in the first place from
the team behind the advertisement, but also indirectly from existing or
future customers and market segments as well as users. The evolution
of the target audience from executives to parents and children is further
highlighted by the changing advertising medium. From brochures dis-
tributed to (potential) customers by themanufacturer, to advertisements
in for instance hobbyist magazines with a clear target audience, the final
mediumwas television in the 1980swith commercials and product place-
ment in programmes. The medium and distribution broadened to reach
the general audience (or at least thewhitemiddle-class family). Addition-
ally, the focus of advertising evolved between the 1940s and 1980s from
technical features of the product to the user experience, opportunities
and even status a personal computer granted the consumer.

Two unique sources did not fit into Ficker’s user typology. The box
of documents from the manager of the Powers-Samas room included a
manual, but also offered a unique and more direct view into the installa-
tion, hiring of personnel, and responsibilities as well as work procedures
at Helena Rubinstein in London. These sources move beyond the config-
ured user into the experience of expert users. The extensive collection of
stills from DEC teams and client applications slides show different work-
ing environments and contexts of use, as well as the gender and racial
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distribution in teams. Without a short description of the image and sec-
ondary literature for additional context however, the photographs them-
selves would add little to the research. Again the expert user beyond
the configured user comes into view. Concrete actions with the device
pictured are frozen in a single camera shot and rely heavily on interpreta-
tion. The working environment for users in a myriad of occupations are
pictured rather than merely described leaving less room for interpreta-
tion and sparking the imagination to envision other sensory experiences
of users.

Material objects on display at museums added another dimension to
the analysis. Computers surrounded by glass display cases gave a sense
of the dimensions, the interface, and in some cases showedmarks of use.
Worn out buttons indicated which buttons users pressed often. Minicom-
puters literally required a key to be inserted and turned ninety degrees
to the left as if firing a car engine rather than turning on a PDP-11. Com-
puters originating from schools were often tattooed or marked to assert
ownership thus physically indicating where machines were used and by
whom. At some museums volunteers devoted their time, energy, and
expertise to restoring computers to working order so that visitors could
actually interact with the device or see a demonstration of a large main-
frame in operation. Although these computers are taken out of their orig-
inal context of use, the noises of machines whirring, beeping, rattling,
the visual cues such as small diodes lighting up or blinking and images
on screens, the temperatures and smells around these ancient devices
reenacted the sensory experience. Hands-on experience furthermore
added the haptic sensation of turning switches and pressing keys. In
Why Hands On History Matters John Ellis emphasizes that “written de-
scriptions are not enough to develop a real understanding of themachine
and its functioning.”11 As a researcher the experience did not necessarily
change my interpretation of sources, but rather redirected my attention.

11. John Ellis, “Why Hands on History Matters,” in Hands on Media History, ed. Nick
Hall and John Ellis (London: Routledge, 2019), 10, https://doi.org/10.4324/
9781351247412.
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Because of my hands-on experience, I delved deeper into environmental
requirements mentioned in handbooks, and paid more attention to the
ergonomics of a device to name just two examples.

Aside from personal hands-on experience, I set up user experiments
to gain insight into the interactions of others. The reenacted user does
not necessarily reflect the sense of novelty or the learning process of
amateur users at the time. Instead the current perception of 1980s mi-
crocomputers and personal computers retroactively illustrates changes
compared to current technology. For some participants who had used
similar computers in the1980sa remembereduser perspectivewasprompted
by the experiment, while younger participants expressed nostalgia, frus-
tration or impatience. Struggles and errors indicated which elements of
the interface were not intuitive to reenacted users. At the same time the
issues encounteredduring the experiment pointed out hownovices at the
timemight have experienced the oftenmentioned fear of breaking things
in manuals.

The remembereduser only appeared in the final two chapters through
interviewsandsurveys conductedbyother researchers or television show
and documentary makers. The interviews often discussed the vision, im-
pact, and perspective of inventors and designers of computers from the
1980s, privileging a heroic and individualistic narrative. A broader survey
of people who remembered using microcomputers in the 1980s was still
biased toward experts from the software industry rather than amateur
users.

The user typology encouraged me to reflect upon which elements of
the user experience sources allowed me to reconstruct, and especially
the elements of experience we cannot reconstruct. The user perspec-
tives emphasize the multiplicity of users, yet at the same time expose
which users are not preserved in historical sources. For my case studies,
the configured user featured most prominently, in combination with the
expert user. I do at times question the distinction between the expert and
amateur user perspective because defining expertise contains a certain
judgement. If I stickwith the artificial distinction between expert and am-
ateur, the amateur user is only visible in the final chapter when access to
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computers expanded. The remembered user perspective is also limited
to the most recent case studies. Oral history requires former users to be
alive, available, and capable of remembering their experience, unless ear-
lier interviews are publicly available. Finally, computing experiences can
only be reenacted for functioning devices. Nearly all sources discussed
in the framework of user perspectives however focus on the initial stages
of the life cycle of computers of design, production, sales, and the use in
different applications. The case studies have not mentioned when tech-
nology was decommissioned or perhaps re-used, an omission that the
final section of the conclusion will rectify.

6.5 The Demise of a Device
Twophasesof decline I refer to asendof life and re-usedeterminewhether
or not objects are preserved and the environment in which we now expe-
rience historic objects.

A first research question which arises at the end of life stage is what
happened to the computer after use? In accounting at Helena Rubinstein
for example the Powers-Samas punch card equipment was replaced in
1963 when the office moved from London to Molesey. By 1972 data pro-
cessing had been outsourced.12 The Powers-Samas equipment was first
replaced with an International Computers and Tabulators Ltd. (I.C.T.) in-
stallation which mostly included newer models of the same, except for
the tabulator which was replaced by a data processor.13 In fact, I.C.T.
merged the British Tabulating Machine Company (BTM) which sold Hol-
lerith equipment with Powers-Samas bringing together two rivals of the

12. “Powers-Samas and ICT Documentation,” Box FB56, CH28274, Centre
for Computing History, Cambridge (hereafter cited as Powers-Samas and ICT
Documentation), http://www.computinghistory.org.uk/det/28274/
Powers-Samas-ICT-Documentation/.
13. International Computers and Tabulators Limited, “Proposals and Specifications for
the Installation of ICT Data Processing Equipment. Submitted to Helena Rubinstein Lim-
ited,” 1 October 1963, Powers-Samas and ICT Documentation.

358

http://www.computinghistory.org.uk/det/28274/Powers-Samas-ICT-Documentation/
http://www.computinghistory.org.uk/det/28274/Powers-Samas-ICT-Documentation/


CONCLUSION

early punchcard industry.14 Only in the1970sdiddataprocessing change
to computers, in linewithMartinCampbell-Kelly’s observation that “many
existingpunchedcardmachine installations remained inoperation through-
out the 1960s, but by the 1970s, the great majority of data processing
departments had switched to computers.”15

Two curators frommuseums in the United States and the United King-
dom pointed out a particular difficulty in finding IBM equipment from the
1950s and 1960s. Instead of selling computers, IBM often leased ma-
chines and reclaimed the equipment afterward. A volunteer in charge
of the Large Systems gallery at The National Museum of Computing (TN-
MOC) in Bletchley explained “IBM tended to rent equipment, rather than
sell it. [...] The equipment went back to IBM at the end of the lease pe-
riod and got scrapped or got reused.”16 Similarly, Dr. Moya from the Liv-
ing Computers Museum+Labs (LCM+L) in Seattle, Washington, observed
“most IBM computers were leased in America, so when they were done
with the lease they took it back and destroyed it or reintegrate it into
something else [...]. It’s hard to find IBM mainframe equipment in Amer-
ica anymore.”17 At the end of life stage, themanufacturer rather than the
user decided whether to scrap the computer or reuse parts for other in-
stallations for IBM computers. The Deutsches Museum (DM) in Munich
provides another example from the end of life stage, in which a donation
was turned down and sold for parts. “Alleine der Goldwert der Kontak-
tverbindungen wird heute mit ca. 5.000,– DM vergütet. Daher wurden
alte Anlagen grundsätzlich demontiert.”18

Further research questions surrounding the end of life of objects are:

14. Wikipedia’s “International Computers and Tabulators” and “British Tabulating Ma-
chine Company” entries.
15. Campbell-Kelly, “Punched card machinery,” 1491.
16. P. V., (Volunteer, TheNational Museumof Computing), interview by Sytze VanHerck,
July 21, 2019, Bletchley.
17. Moya, (Collections Manager, Living Computers: Museum + Labs), interview by Sytze
Van Herck.
18. Norbert Köthe to DeutschesMuseumvonMaisterwerker der Naturwissenschaft und
Technik, “Angebot IBM-Anlage /360-20,” 21 February 1986, Bestellnummer 7156, Ver-
waltungsarchiv, Deutsches Museum, München (hereafter cited as Verwaltungsarchiv).
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Who decided to scrap, replace, or remove the computer? Who did it go
to next? Companies and later home users often replaced computers with
newer models, with leased equipment returning to the manufacturer be-
fore being scrapped or re-used. Other computers were sold for parts or
simply moved to the basement, attic, or other storage space to gather
dust and eventually end up forgotten. Then again, when surviving ma-
chines were rediscovered, some were donated to museums or sold on
the second hand market. Martin Campbell-Kelly for instance discovered
“an activemarket for new and refurbished punched cardmachines to pro-
cess old data and even to record current information such as payrolls.”19
So while many computers like other ordinary consumer products disap-
peared, in exceptional circumstances objects found a new home in mu-
seums or with private collectors.

If computers found a new owner, how did the owner acquire it? Few
museum archives concerning acquisitions or donations are directly ac-
cessible. Correspondence from theDeutschesMuseum’sVerwaltungsarchiv
however nicely reconstructs the provenance of the IBM S/360 on display
in theMathematische Instrumente und Rechenanlagen gallery. Themodel
20 computer from 1967 or 1968 was donated to the museum in 1984 by
the Erdinger Rechenzentrum, which repaired IBM equipment.

Sie haben dem Deutschen Museum [...] eine entwicklungs-
geschichtlich bedeutende Rechenanlage der Herstellerfirma
IBM überlassen, und zwar ein aus dem Jahr 1967/68 stam-
mendes System360, Modell 20. [...] Die Rechenanlagewurde
zunächtst in unser Studiendepot aufgenommen. [Sie bildet]
einen wertvollen Grundstock für unsere geplante Abteilung
“Mathematische Instrumente und Rechenanlagen.”20

For two years the machine remained in the depot until the exhibition
opened in 1986 where the computer is still located now. Not all objects

19. Campbell-Kelly, “Punched card machinery,” 1491.
20. Dr. Otto Mayer to Erdinger Rechenzentrum GmbH, “Datenverarbeitungsanlage IBM
360/20,” 3 December 1984, Bestellnummer 7151, Verwaltungsarchiv.
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end up in museums. In fact a blog from volunteers at TNMOC details
their private initiative to acquire and restore an IBMS/360model 20 from
a dilapidated building in Nuremberg.21 Furthermore, museums also pur-
chased objects emerging from storage. Dr. Moya for instance recalled
the LCM+L museum’s acquisition of an IBM 7090 originating from the
Weapons Research Establishment (WRE) in Woomera, Australia, which
an employee had purchased after the machine was scrapped. “He put
it in his pole barn with the intention of recommissioning it someday in a
museum. [...] But he soon discovered it would be very expensive to get
an IBM engineer, a raised floor, the air-conditioning, the power. It had
some really heavy power requirements.”22 Forty years later his widow
eventually sold themachine to amuseum. Likemost objects inmuseums
however, the device was still in storage waiting to be restored.

For those exceptional objects which do end up on display at a mu-
seum, threefinal researchquestionsarise. How is the computer displayed?
Who can access the machine now? Who can keep this equipment run-
ning? Out of seven computer museums I visited, at least four made the
majority of computers on display available for visitors to interact with.23
In all four museums the effort, knowledge, and expertise of enthusiastic
volunteers, often retired engineers, meant machines were restored and
kept in working order. When this older generation of engineers comes
to pass, their tacit knowledge and expertise might be lost. Other ob-
jects are sometimes taken apart to assemble one fully operational de-
vice and restore a single mainframe, minicomputer, or microcomputer to
working order. The availability of a large number of spare parts is eas-

21. Adam Bradley, Chris Blackburn, and Peter Vaughan, IBM 360 Model 20 Rescue and
Restoration – Documenting the recovery and restoration of an IBM System 360 Model 20
and potentially an IBM System 370 Model 125, https://ibms360.co.uk/.
22. Moya, (Collections Manager, Living Computers: Museum + Labs), interview by Sytze
Van Herck.
23. In the UK both the Centre for Computing History in Cambridge and The National Mu-
seum of Computing in Bletchley had some (micro)computers running games. The Media
Archaeology Lab in Boulder, Colorado, and the Living Computer Museum+Labs in Seat-
tle, Washington, both reflect the possibility to experiment with computers in their name,
referring to the laboratory.
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ier for mass produced computers such as the Apple IIe or BBC Micro-
computer. The collection organisation in the LCM+L reflects the goal of
the museum to encourage interaction. In storage, some machines are
taken apart by engineers and the storage is organised by component as
an engineering shop to use scraps for restoration. The Centre for Com-
puting History (CCH) in Cambridge for instance received somany BBCMi-
crocomputers that they no longer register all donations and instead only
officially entered a BBCMicrocomputer System of eachmodel in the orig-
inal box. Sometimes new technology such as Raspberry Pi emulated the
operating system and software to preserve software and keep electric-
ity consumption down. The visitors thus do not necessarily interact with
fully preserved original computers, but might unknowingly interact with
a Frankenstein machine that nevertheless recreates or reenacts the ex-
perience of historic devices.

6.6 Do We Interpret Past by Present?
As a historian I was trained to respect the historical context and avoid
anachronistic interpretations of the past. Research interests and ques-
tions however, are certainly shaped by both our personal experiences,
and current debates in society. When I started my research a public
history publication and feature film Hidden Figures restored the role of
female African-American employees at NASA, and the scientific publica-
tion titled Programmed Inequality, illustrated how the topic of gender and
the history of computing had permeated society and research. Gender
studies, the framework of intersectionality, and the increased focus on
user experience as computers entered the lives of more and more peo-
ple, have all shaped my methodology. Only when I started to research
the devices themselves in order to reconstruct past user experiences, did
two methodological frameworks converge in my dissertation: the life cy-
cle approach to material objects, and the user perspectives from media
history.

The life cycle framework breaks away from a rigid periodisation of
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computing devices determined by either the date of announcement, or
first delivery of a machine. Instead, I have adapted and extended the
three stages of production, distribution, and consumption to suit com-
puting devices with phases of design, production, sale, installation, ap-
plication and use, and de-commission or re-use. The idea of a life cy-
cle allows researchers to incorporate additional actors and periods when
studying technology or other material objects. Computers as an artefact
are shaped by humans and the human actors in the network are not lim-
ited to the developers, but also include the consumers and users who
domesticate or appropriate technology. Some computers and especially
software has been maintained for a long period, which other histories of
computing rarely mention. The first iteration of the life cycle however
shortened in time as research progressed, not because of an ever faster
technological innovation, but rather due to changes in price, size, and
owner. When businesses or government institutions purchased and in-
stalled large and expensive computing devices, the high monetary, time,
personnel, and training investment, as well as major changes to the in-
frastructure, discouraged them from rapidly decommissioning comput-
ers. As computers became smaller, cheaper, and commercially avail-
able to individual consumers, consumer society and marketing encour-
aged owners to replace their computer with the latest and newest. Case
studies add even more complexity emphasizing unique applications and
uses. Researchers often forget about the time between the creation of
a source and the moment in which they consult it. Including the phase
of de-commission and re-use accounts for an additional context in which
the artifact was used.

Methods from UX design are especially useful in the application and
use stage of the life cycle and helped me to take the sensory experience
into account. Museum visits and user experiments can reconstruct a past
we cannot experience anymore, by reenacting user interaction. Some
sensory experiences such as the haptic feedback, sound, and smell of
certain computers are difficult to recreate and even harder to describe
based on experiments. However, capturing sensory experiences purely
based on images and textual sources is at times almost impossible. The
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added value of focusing on the perspective of the user rather than on the
technology itself is that the technology is placed within the social, cul-
tural, economic, and sometimes political historic context. The user per-
spectives linked to types of sources further shaped my reflection on the
mediation of sources on what they can and cannot tell us about the expe-
rience of what I call the everyday user. Most readily available sources for
instance focus on the configured and the expert user. One criticism of the
user perspectives however is that an oversimplified categorization often
diminishes real life complexity. A single everyday user could assume dif-
ferent user perspectives throughout their lives and in relation to different
computers.

Finally, I hope to inspire others to appropriate my methodology, pre-
serve sources, and research similar phenomena in current society. I in-
vite archivists and curators to reconsider the types of sources that arepre-
served, and encourage (disappearing) computer companies to deposit
their documents inwell-established and stable institutions. With increas-
ingly complex technology such as networks and software, archivists need
to rapidly develop methods to preserve information and retain material
artefacts of invisible technology. I encourage social scientists to continue
research into working conditions and cultures, paired with gender biases.
UX designers should value and publish user experiments evenwhen they
may not have led to new (iterations of) products. The preservation of a
machine does not guarantee that the experience can be recreated. In
order to reconstruct the user experience, historians rely on many differ-
ent types of sources which each highlight a different user perspective.
Throughout this research, case studies have been limited to particular
computer applications. Other case studies of both computer models and
applications certainly present an ideal opportunity for further research.
Historians can give a voice to users aswell in oral history archives such as
Archives of IT. Additionally, bymoving out of the archive from time to time,
historians can also guard themselves from applying the I-methodology.
If we ask others about their experience, we can include perspectives ab-
sent from sources. I hope governments continue to research demogra-
phy and occupations, broadly conceived, and suggest framing statistics
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with detailed information about job categories in order to keep a close
eye on occupational segregation and inequality. By addressing and di-
minishing overt and implicit barriers to occupations, I hope all people are
encouraged to follow their passion.
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Appendix

Curator Interviews
1. Which item in the [institutional] collection deserves better atten-

tion? Why?

2. When you think of this artefact can you tell me how/why this object
was acquired?

3. If you could start over in developing the collection, what would you
change?

4. How did you select/display/communicate the collection?

5. Who is the target visitor of the [institution]?

6. Visitor Journey Map

7. Which era/location/groupwould you like to includemore (if you had
budget, space) and why?

8. What haven’t I asked you that you think would be valuable for me
to know?
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Visitor Journey

Stages of  
a visit

Actions

Thoughts

Experience

APPENDIX

Visitor Journey Map

368



APPENDIX

Reenactment
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Apple IIe - Maps and Globes
Instructions
1. Start the computer and insert the game into the disk drive. Enter

your name when asked.

2. Select latitude and climate from the menu and follow the instruc-
tions.

3. When you get bored, go back to themainmenu and select theworld
traveler simulation.

4. Once you finished the game, go back to themainmenu. Turn off the
computer and the screen before you take out the disk.
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Participant nr.: __             Observer: Sytze Van Herck           Date: ___/11/2018            Time: ___:___  


Time Notes Pain points
Success / 
Fail

T1. 

Start computer, 

enter game, 

enter name.

Start   ____ : ____


Finish ____ : ____

T2. 

Latitude & 

Climate

Start   ____ : ____


Finish ____ : ____

T3. 

Back to menu

Start   ____ : ____

T3. 

Change disks

T3. 

World Traveler 
Simulation

Finish ____ : ____

T4. 

Shutting down 
computer.

Start   ____ : ____


Finish ____ : ____

APPENDIX

Observation Sheet
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Apple IIe - WordPerfect
Instructions
1. Start the computer and insert the Word Perfect disk into the disk

drive. Follow the instructions on the screen.

2. Once you are done reading the introduction, exit the screen. You
should save the readme document and then replace it.

3. Once you have an empty screen, please create this document:
1320 Grandview Avenue,
Boulder CO 80302
United States of America

Object: thank you!

Dear Mr or Ms,

I recently bought an Apple IIe device and I wanted to thank you
for designing such a great word processor. As a teacher, this makes
my life WAY EASIER. It is a surprisingly rich little package and I
also appreciate the expansion tools. I am looking forward to more
innovation in the upcoming years.

Yours faithfully,
Ms. Rose Morse

4. Save the file under “Thankyou”

5. Exit the document, you don’t have to save it again. Turn off the com-
puter and the screen before you take out the disk.
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Participant nr.: __             Observer: Sytze Van Herck           Date: ___/11/2018            Time: ___:___  


Time Notes Pain points
Success / 
Fail

T1. 

Start computer, 

Insert WP, 

Insert Work.

Start   ____ : ____


Finish ____ : ____

T2. 

Read introduction, 
exit screen, save 
and replace.

Start   ____ : ____


Finish ____ : ____

T3.

Create document.


Bold.


Underline.

Start   ____ : ____


Finish ____ : ____

T4.

Save File

Start   ____ : ____


Finish ____ : ____

T5. 

Shutting down 
computer.

Start   ____ : ____


Finish ____ : ____

APPENDIX

Observation Sheet
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BBC Microcomputer - Mapventure
Instructions
1. Turn on the computer. Then insert Mapventure Part I into the disk

drive. Press Shift + Break to start the game.

2. Select the startupmenu and go to the beginning. Follow the instruc-
tions.

3. When you get bored, restart the gameand select camping field from
the startup menu.

4. For the adventure game you are allowed to take notes and use the
reference material.

5. Once you finish the game or get sick of it, turn off the computer and
the screen before you take out the disk.

375



Participant nr.: __             Observer: Sytze Van Herck           Date: ___/07/2019            Time: ___:___  


Time Notes Pain points
Success / 
Fail

T1. 

Start computer, 

Insert game, 

start game.

Start   ____ : ____


Finish ____ : ____

T2. 

The Beginning

Start   ____ : ____


Finish ____ : ____

T3. 

Back to menu

Start   ____ : ____


Finish ____ : ____

T3. 

Camping Field

Start   ____ : ____


Finish ____ : ____

T4. 

Change disks

Start   ____ : ____


Finish ____ : ____

T4. 

Adventure Game

Start   ____ : ____


Finish ____ : ____

T5. 

Turning off 
computer.

Start   ____ : ____


Finish ____ : ____

APPENDIX

Observation Sheet
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APPENDIX

BBC Microcomputer - Wordwise
Instructions
1. Turnon the computer andstartWordwisePlusby typing *WORDWISE-

PLUS. Go to editmode and type the following letter, with the correct
layout.

Rene Court
Coldhams Road

Cambridge CB1 3EW

Acorn Computers Limited
Fulbourn Road
Cherry Hinton
Cambridge CB1 4JN

Object: thank you!

Dear Sir or Madam,

I recently bought aBBCMicro and I wanted to thank you for design-
ing such a great word processor. As a teacher, this makes my life
WAYEASIER. It is a surprisingly rich little package and I also appre-
ciate the expansion tools. I am looking forward to more innovation
in the upcoming years.

Yours faithfully,

Ms. Rose Morse

2. Preview the text.

3. Insert the empty floppy disk and save your text as ‘thankyou’
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Participant nr.: __        Observer: Sytze Van Herck       Date: ___/07/2019       Time: ___:___  


Time Notes Pain points
Success / 
Fail

T1. 

Start computer, 

Start Wordwise 
Plus, 

Start   ____ : ____


Finish ____ : ____

T2. 

Edit text


Fully Indent


Centre


Double-strike


Underline

Start   ____ : ____


Finish ____ : ____

T3.

Preview File

Start   ____ : ____


Finish ____ : ____

T4. 

Insert empty 
floppy disk.

Save text

Start   ____ : ____


Finish ____ : ____

T4. 

Turn off computer.

Start   ____ : ____


Finish ____ : ____

APPENDIX

Observation Sheet
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APPENDIX

BBC Master - Domesday National Disk
Instructions
1. Press Ctrl + Q + Break to restart the disc and see the introduction

video.

2. Once you are in the entry of the National Gallery, choose a gallery
from the plan and navigate there. Click on the bottom left of one of
the images on the wall and browse through a collection of interest.

3. Select a different gallery from the plan and navigate there. Find the
text written on the wall and click on one of the topics that interest
you. Use the index to find a page you like.

4. Navigate to the “Daily Life” gallery and walk through the right top
window of the gallery, showing a driveway. Walk up the driveway,
and enter through the front door. Look at the plan and choose a
room you want to see. Walk to the room and zoom in on one item.

5. Walk back to the end of the driveway to get back to the gallery. Go
back tomain anduse the “find” button and look for “Diana”. Choose
the film from the list of results and let the researcher handle the
disc.
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Participant nr.: __             Observer: Sytze Van Herck           Date: ___/07/2019            Time: ___:___ 

 


Time Notes Pain points
Success 
/ Fail

T1. 

Restart disc and 
look at 
introduction video

Start   ____ : ____


Finish ____ : ____

T2. 

Navigate to gallery


Browse through 
collection

Start   ____ : ____


Finish ____ : ____

T3. 

Back to gallery

Start   ____ : ____


Finish ____ : ____

T3. 

Navigate to 
different gallery.


Wall text. Using 
index.

Start   ____ : ____


Finish ____ : ____

T4. 

Back to gallery

Start   ____ : ____


Finish ____ : ____

T4. 

Navigate to Daily 
Life gallery


Find window.


Walk driveway


Choose room, 
navigate.


Zoom in.

Start   ____ : ____


Finish ____ : ____

APPENDIX

Observation Sheet
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Participant nr.: __             Observer: Sytze Van Herck           Date: ___/07/2019            Time: ___:___ 


Time Notes Pain points
Success 
/ Fail

T5. 

Back to gallery

Start   ____ : ____


Finish ____ : ____

T5. 

Go to find.


Search “Diana”.


Start   ____ : ____


Finish ____ : ____

T5. 

Researcher turns 
disc

Start   ____ : ____


Finish ____ : ____

T5. 

Watch film.


Start   ____ : ____


Finish ____ : ____

APPENDIX
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APPENDIX

Interviews
1. Describe the experience in 3 words.

2. What was the easiest / hardest part? And the most surprising?

3. How does it compare to new technology?

4. What was your impression of interacting with this computer?
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