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Build on Strengths of 
the Original Book
• Most widely cited overview 

history of computing
• Engagement with computer 

architecture
• Focus on minicomputers, UNIX, 

and interactive computing
• Treatment of early personal 

computing and calculators
• Widely used for teaching

• Esp. for computing students



Multiple Readerships Want Different Things

• Undergraduate students, assigned the book in class
• Graduate students looking for an introduction to the history of 

computing and its literature to frame their own research
• Scholars working on related topics in areas such as STS or Internet 

Studies who need a quick grounding in relevant history
• Members of the public, who likely work with computers themselves
• Computer scientists, though this is a history of computing technology, 

practice, and applications
• Only incidentally a history of computer science



1: Two Senses of “Universal”



The Computer as a 
“Universal Machine”
• Turing 1936 “On Computable Numbers…”
• Describes a “universal computing machine” 

which can “be used to compete any computable 
sequence”
• Essentially, it takes as part of its data input a 

description of the rules of another computing 
machine



Conflation of Computers with UTMs



Turing as the Inventor of the Computer

• Claims made by, for example,
• Martin Davis (logician)
• Jack Copeland (philosopher)
• George Dyson (son of Freeman)
• Alvy Ray Smith (computer scientist)

• That Turing invented the “stored program computer” in 1936
• That this inspired a “race” to build actual manifestations of Turing 

Machines in the 1940s
• And that all others (e.g. von Neuman and the ENIAC team in the “First 

Draft of a Report on the EDVAC”) did was reduce Turing’s ideas to 
practice



Guess my thoughts on 
those claims
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those claims



From 
page 20:





Our book starts with 
ENIAC in 1946
• First programmable electronic computer
• 200 decimal digits or writable storage
• 3,000 multiplications a second
• Input: digit switches & numerical 

punched cards
• Output: digit lights & numerical punched 

cards
• Consumed 150KW of electricity
• Programmed by wiring logical pathways & 

setting switches



Cars vs. Computers
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General Purpose Technology

• Concept from Economics…
• Technologies that have a major impact across the entire economy
• Because they are flexible enough to be applied to many different tasks

• Classic examples:
• Steam power
• Electrical power
• Internal combustion engine

• The computer seems to be even more general purpose than the 
others
• Can we call an "exceptionally general purpose technology” practically 

universal? Or universal in practice/



So when does the computer become 
universal?
• Davis: Always, even before it existed.
• Turing invented the stored program computer in 1936
• Physical computers like ENIAC inherit universality from the abstract machine
• All practical programmable computers are universal (given sufficient time and 

storage)



So when does the computer become 
universal?
• Davis: Always, even before it existed.
• Turing invented the stored program computer in 1936
• Physical computers like ENIAC inherit universality from the abstract machine
• All practical programmable computers are universal (given sufficient time and 

storage)

• My answer: Never, but they do approach the status of a universal 
technology more closely with time.
• 1946: ENIAC is a very specialized technology used by a few dozen people to 

automate  (mostly numerical) mathematics
• 2021: Most people on earth use smartphones to do almost everything

• And with embedded systems there are far more computers than people on Earth



Becoming Universal
• We see the overall arc of the story as a 

movement towards “practical universality” as 
• Some individual devices (personal computers, 

smartphones) mediate a broader range of social 
processes,
• But also (and more importantly): computers 

become COLLECTIVELY able to underpin ever more 
human activities
• Even as individual computers are usually highly 

specialized embedded systems
• Computer technology becomes a “universal 

technological solvent” able to replace the 
internal workings of televisions, phones, music 
players, etc.



Relationship between the two universalities

• The programmability of computers is essential to the development of 
the technology as very general-purpose technology
• But it is not sufficient



Miniaturization and exponential growth
• Moore’s Law, obviously
• But even before 

semiconductors
• Continual growth in 

available computer 
power
• Continual reduction in 

size
• Continual reduction in 

cost
• Continual increase in 

power efficiency



Other subtle changes
• Many other developments underpin the transformations

• Architecture
• Communications
• Storage
• Miniaturization
• Graphics and visualization
• User interfaces
• Algorithms, etc.

• Each innovation inspired by the needs of a particular class of user (business 
admin, nuclear simulation, etc.)
• But becomes part of the core package of the computer
• So “the computer” is not just one thing, but an ever growing stack of 

hardware, architecture, software and techniques



2: Structure of the New Book



Existing Overview Histories Rooted in 1980s/90s

1996 19981985



“Histories of Computing(s)” – Michael S. Mahoney

Traditional 
master narrative



Mahoney’s suggested
alternative
“the histories and 
continuing experience of 
the various communities 
show that they wanted 
and expected different 
things from the computer. 
They encountered 
different problems and 
levels of difficulty in 
fitting their practice to it. 
As a result, they created 
different computers or (if 
we may make the singular 
plural) computings”



Our Structure
• The 15 chapters overlap, 

rather than dealing with 5 
years each
• The story of the computer is 

a story of constant 
transformations
• Each transformation is driven 

by the needs of a particular 
community of users

• Each transformation builds on 
core affordances developed in 
earlier transformations



Structure vs Chronology

TCBA X -> The Computer Becomes A(n) X

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

12: TCBA Publishing Platform

15: Epilogue

11: TCBA Universal Media Device

14: The Computer is Everywhere and Nowhere
13: TCBA Network

10: The PC 
Becomes a 

Minicomputer

1: Inventing the Computer
2: TCBA Scientific Supertool

3: TCBA Data Processing Device
4: TCBA Real-Time Control System

5: TCBA Interactive Tool
6: TCBA Communications Platform

7: TCBA Personal Plaything
8: TCBA Office Equipment

9: TCBA Graphical Tool



No through-line from earlier technologies
• First chapter sets up ENIAC-EDVAC-UNIVAC as the origin point of the 

“modern computer” from which change radiates
• User communities and applications enter the story only as they 

engage with computers on a large scale
• NASA in the 1960s
• Domestic users in the 1970s
• Photographers in the 1990s, etc.

• Prevents a true appreciation of “before and after” continuities 
between practices built around computers and those shaped by 
different technologies



Centering “the computer”

• Builds on technological engagement in the original book
• Hardware and software features like
• Timesharing
• Packet switching
• Multitasking
• Virtual memory
• GUIs
• Object oriented programming

• Originate in specific contexts, but become part of the core bundle of 
layered technologies that define “the computer”
• Even when hidden inside televisions, phones, or media players



For more details on our work methods

• See Siegen University 
working paper 
“Finding a Story for 
the History of 
Computing”



3: New Coverage



One long 4* Amazon review of the 2nd edition 
of A History of Modern Computing:
Living, computing, and reading in 2016, Ceruzzi’s history’s “closing date” of 
2003 seems to be a long time ago. … “Communicating,” “doing work,” and 
“having fun” are at the core of today’s computer applications and these 
central uses do not emerge from Ceruzzi’s history of manufacturers and 
model numbers. The important, almost dominating, role of software houses 
and their effects upon hardware architecture are not touched. Use of files 
accessible by internet as the world’s online library is not touched. 
Communicating is as much a part of using computers today as what happens 
within arm’s reach at one’s desk…. Digital photography came into being in 
the time period covered by this history and its effects upon “computer use” 
and communication content has been real. Ceruzzi does not include this 
facet of the new century’s use of computing technology. We learn almost 
nothing about Apple, Dell, Compaq, Hewlett Packard, AMD, Lenovo, 
Samsung, and the like.



Lack of attention to UK developments also 
noted



Other New Expectations

• Pay attention to users (long established in STS), not just technologies 
and producers
• New economic, cultural and political centrality of big-tech firms
• The first trillion-dollar companies were Apple, Microsoft, Amazon, Alphabet 

and Tesla
• They shape our lives and communities in profound ways

• Engage with current political concerns
• Issues of gender, race and sexual identity central to the “culture wars” 

engulfing the US
• Class, race and gender established as the central trinity in US historical 

storytelling since the 1980s



Draws heavily on recent secondary literature
• New emphasis on topics such as

• Timesharing
• Video games
• Networking
• Graphical user interface
• Software technologies such as DBMS
• Embedded media technologies

• New sections based on work of Paul Edwards, Joy Rankin, Matthew 
Kirschenbaum, Tom Lean, Michael Z. Newman, David Brock, Con Diaz, 
Valerie Schafer, Nick Montfort, Ian Bogost, Jonathan Sterne, and many 
others
• Just as earlier overviews drew on 1980s histories of IBM, ENIAC, ERMA, etc.



Home Computing
• Ch. 7 “The Computer Becomes a 

Personal Plaything” takes 
material on microprocessors,
calculators and early personal 
computers from original book
• But adds new coverage of
• Arcade video games
• Early games consoles
• Home computers from the US 

(Atari, Commodore, Texas 
Instruments) and UK (Sinclair, 
Acorn).



Graphics and Games

• Sketchpad and 
Spacewar in ch. 5
• 3D graphics for 

workstations, PCs and 
Consoles in chapters 
10, 11 and 13.
• Shift of AI and 

supercomputing to 
GPUs in ch. 13



Computer Science

• This is Not a history of computer science (Knuth)
• BUT we did look for ways to intertwine work by computer scientists 

that shaped widely used computing technologies
• Examples:
• New treatment of Algol and the “Software Crisis” in ch. 5 (“The Computer 

Becomes and Interactive Tool”)
• Discussion of Quicksort and complexity analysis in ch. 3 (“The Computer 

Becomes a Data Processing Device”)
• Discussion of RISC in ch. 10 (“The PC Becomes a Minicomputer”)
• VLSI and Meade Conway in ch. 7 (“The Computer Becomes a Personal 

Plaything”) & ch. 8 (“The Computer Becomes an Office Tool”).



The PC standard

• Existing histories focus on the 
1981 launch of the original IBM PC
• We have two chapters primarily 

on the volution of the PC as an 
template for an entire industry
• 1980s: ch. 8 “The Computer 

Becomes an Office Tool”
• 1990s: ch 10 “The PC Becomes a 

Minicomputer”



Gender and Work
• We mention the contributions of women 

throughout the book, but also
• Issues gender and labor are threated through 

the book, for example
• ENAIC in ch. 1 (“Inventing the Computer”)
• Data processing work in ch. 3 (“The Computer 

Becomes and Data Processing Device”)
• Masculinity and home computing in ch. 7 (“The  

Computer Becomes a Personal Plaything”)



Communications

• Not just a chapter about the Internet at the end
• chapter 4 (“The Computer Becomes a Real Time Control 

System”)): transmission of data for military and 
aerospace applications in the 1950s and 60s

• 5 (“The Computer Becomes an Interactive Tool”):
timesharing and its use, together with remote terminals, 
to make on-line interactive access to computers commo.

• 6 (“The Computer Becomes a Communications 
Medium”) we look at how applications such as email, the 
Plato educational environment, videotext systems like 
Minitel, and the packet-switched ARPANET were 
constructed around timesharing systems.

• 7 (“The Computer Becomes a Personal Plaything”) 
includes discussion of bulletin board systems

• 8 (“The Computer Becomes and Office Tool”) integrates 
Ethernet into the story of electronic office work. 



Web, Cloud & Smartphones

• Hypertext and the classic Web in 
ch. 12 (“The Computer Becomes a 
Publishing Platform”
• The cloud and brower-based 

applications in ch 13. (“The 
Computer Becomes a Network”)
• Smartphones, mobile devices and 

apps in ch. 14 (“The Computer is 
Everywhere and Nowhere”)



Digital Media Devices

• The vast majority of the computers 
in the world do not look like 
computers
• Ch 11: “The Computer Becomes a 

Universal Media Device”
• Fax machines
• DVD players
• Music players
• 1990s game consoles
• Digital cameras
• Music synthesizers
• HD televisions, etc.



End Point: A Tesla in the Valley
• I always had a Tesla car, rather than a smartphone, in mind as the end 

of the story arc
• Hundreds of embedded computers within the car recapitulate everything the 

computer became during the narrative
• In terms of processing power and cost, a modern car is a typical middle class 

family’s biggest investment in computer technology (c.f. impact of recent chip 
shortages)

• We had the car make its drive through Silicon Valley, to twist the 
perspective to acknowledge the new centrality of firms clustered 
there
• Revisions post-review added discussion of computing’s essential roles 

during the current pandemic



Does the story 
of “the 
computer” now 
have an end as 
well as a 
beginning?

Our final page à



4: Limitations and Challenges



Limitations of our new book
• Retains US bias
• Default is to tell story from US viewpoint, other countries enter the story 

mostly when they push technology in unique directions
• E.g. France for Minitel, UK for 1980s home computers and ARM, etc.

• Little on race, largely mirroring the secondary literature
• Political engagement comes primarily in the epilogue, in a kind of 

twist ending
• Treatment of recent developments shallower, based on news reports 

rather than secondary historical literature
• Last few chapters will go out of date much faster than the first ten



A question:

• Can a comprehensive overview history of computing be coherently 
structured around anything OTHER than the story of “the computer”?
• Maybe,
• Otherwise it just becomes the history of everything, as the scope of 

computing has become so big
• Each chapter could (and should) be told in its own book, focused on a 

different community over time

• We attempt to tell human stories within the individual chapters of a 
book whose overall protagonist is a cluster of technologies.



A necessary evil? An unnecessary one?

• One might see the need for a one-volume history, but only for teaching or 
non-specialists
• One might take a stand against broad, comprehensive narratives as 

inherently favoring the interests of dominant groups
• Should white men get to tell big stories anymore?
• Is “problematization” of myths of progress an end in itself?
• Should we be content just to push back at the (now ended) veneration by politicians 

and customers of Silicon Valley and big tech firms?
• Or, one might align the story closely with the history of US or global 

capitalism, looking always for racism, sexism, heteronormativity
• So that computing doesn’t need its own story, as it just reflects broader 

developments



Disjunction between the history of computing 
and general (US) history
• My most general self-definition is as a US historian
• Main teaching areas
• History of Race and Health in the US
• History of Capitalism in the US

• Both go from the colonial era to Covid-19 over the course of a 
semester, focused on
• National expansion and domestic conflict
• Racial struggle and oppression
• Clashing interests and experiences of different social groups



Do we need a master narrative of computing?

• Term itself was of course always pejorative (Lyotard, 1979)
• And “master/slave” language is being replaced even in technical usage

• For generations ambitious historians have been acclaimed for 
undermining received narratives
• Stress on discovering agency, specificity, complexity

• Which is a problem in areas like computer science
• Where the boring, plodding internal, technical and institution histories were 

never written in the first place
• So there is nothing to become famous by undermining



My own hope



My own hope
• Is that we as a community can work towards broad, coherent and 

ambitious narratives of computing that don’t just echo and reenact those 
long told in social and cultural history
• Because there is something unique about the trajectory of computer technology 

since 1945
• And its distinctive affordances underpin the dominance of big tech firms, the rise of 

fake news, replacement of devices with code, etc.
• So maybe we can create the narratives and frameworks that other historians and 

tech scholars will find useful to understand crucial aspects of our world



My own hope
• Is that we as a community can work towards broad, coherent and 

ambitious narratives of computing that don’t just echo and reenact those 
long told in social and cultural history
• Because there is something unique about the trajectory of computer technology 

since 1945
• And its distinctive affordances underpin the dominance of big tech firms, the rise of 

fake news, replacement of devices with code, etc.
• So maybe we can create the narratives and frameworks that other historians and 

tech scholars will find useful to understand crucial aspects of our world
• Ties into my current project to derive a historically grounded 

understanding of digital materiality
• In collaboration with others associated with Siegen University’s Media of 

Cooperation SFB


