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ABSTRACT 

 

 
Like City Lights, Receding: ANSi Artwork and the Digital Underground, 1985-2000 
 

Michael A. Hargadon 

 

The rise of the Internet has obscured knowledge of the modes of mass online 

interaction that preceded it.  Foremost amongst these was the Bulletin Board System 

(BBS), whose unique technological constraints encouraged the development of the art 

form known as ANSI.  Through an examination of the economic paradigm shift that 

permitted mass adoption of microcomputers, the technological operating environment of 

the 1980s and 1990s and the ethos of the software piracy scene of that era, this thesis 

explains why this species of art took the form that it did, why artists chose to express 

themselves in this medium, and how ANSI defined the aesthetics of the online world 

between 1985 and the turn of the century.  Far from a mere form of expression, the 

production and display of ANSI art on BBSes served as a signifier of and route to the 

acquisition of status within the sub rosa branch of autonomous dial-in computer systems 

that comprised the pre-Internet digital underground.  
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I  
Introduction  

 

 

 

 

Objective 

First Thoughts 

From the perspective of the present, the commoditization of computer and 

networking technology has so profoundly affected the economic and social life of 

                                                 
1
 Eternal Darkness, ñSilent Service BBS Logo,ò in Silicon Dream Artists (SDA) Artpack ô92 (Location 

Unknown: Silicon Dream Artists, 1992), http://artscene.textfiles.com/artpacks/1992/sda.zip (accessed May 

4, 2009).  To the best of my knowledge, the 1992 artpack was Silicon Dream Artistsô only release. 

 
Silent Service BBS Logo by Eternal Darkness of Silicon Dream Artists (SDA), June 15, 1992. 1

 

http://artscene.textfiles.com/artpacks/1992/sda.zip
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advanced industrial societies that it is becoming difficult to imagine when this was not so.  

Driven by open networking standards on the one hand and the efficiencies of pervasive 

access to computing and communications resources on the other, the Internet has changed 

everything from the development of software to the ordering of pizza and the 

organization of protests.  It is a unique, generative environment whose opportunities for 

creative expression and the enhancement of productivity through the wedding of software 

to the mass have provoked revolutions in all fields of human endeavour.  The extent of its 

impact has been so great that the rise of the Internet has neatly divided the era of the 

information society from those that preceded it.  In the process it has obscured the two 

decades of online interaction during which many of the schematic and technical 

mechanisms of current modes of user interaction with software, from usernames and 

passwords through to message boards, galleries and private e-mail, were developed. 

 For those whose formative years were during the transition period in which the 

barriers between the online and offline worlds weakened and vanished, the emergence of 

the Internet age has had the effect of nullifying or rendering irrelevant the memory of 

their interactions with the technologies, systems and communities that came before it.  

Though necessary to the purpose of repackaging the past into conceptually digestible and 

distinguishable units, the use of periodization in academic history represents an 

acknowledged interruption of the continuity of events.
2
  Historians recognize that 

periodization is a conceptual lens that, like all lenses, presents the object of its focus in 

sharp detail while blurring all that lies before or beyond its focal point.  It does some 

violence to the true past, but the purpose of its interference is meant to be therapeutic in 

                                                 
2
 See roundtable ñPeriodization: Then and Now,ò in History Workshop Journal 63 (Spring, 2007): p.189-

238. 
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that it is revelatory: used properly, periodization reveals at least as much ï and arguably 

more ï than it obscures. 

 Memory, which might be defined as the recollection of the past filtered through 

the mind of a population mass, is not nearly so forgiving.
3
  Under the liberal aegis of 

contemporary academia, history engages in the reconstruction of the past under the sole 

and immutable assumption that the past should be understood for its own sake: the quest 

for knowledge of what is lost is teleological in that the accumulation of knowledge is 

held to be an objective good, an end in itself or by reference to the role it plays in some 

other overarching purpose.  Subject to the unavoidable pragmatism of life in the present, 

which must balance the elemental scarcity of time against the infinite expanse of the 

knowable, memory seeks to retain useful knowledge ï knowledge that provides 

advantage, power or meaning ï while discarding that which is not.  Much as the 

relevance of the knowledge of how to drive a team of horses is all but immaterial in an 

age of internal combustion, knowledge of the mechanisms, aesthetic and interactive 

forms, and structures of thought and sentiment that defined pre-Internet online 

communities are equally immaterial in an era of network persistence and pervasive 

Internetization. 

 Nostalgia has been described as ñthe longing for a never-was harbored by 

                                                 
3
 Here I should like to draw a distinction between ñpublic memoryò and ñthe memory of the public,ò which 

I refer to simply as ñmemory.ò  While both are organic in that they are fermentations of the mass, the 

former typically incorporates such sites or objects of commemoration as monuments, buildings, or personal 

artefacts, possesses an arguably explicit discursive purpose, and with the last is frequently the object of 

official notice or patronage.  ñThe memory of the publicò refers explicitly to the organic historical 

consciousness of the mass as it is developed and transmitted through informal mechanisms within specific 

social units (individual interactions with culture, family or community mythology, etc.).  My definition here 

recalls analyses by Roy Rosenzweig and David Thelen, The Presence of the Past: Popular Uses of History 

in American Life (New York: Columbia University Press, 1998); and Alison Landsberg, Prosthetic 

Memory: The Transformation of American Remembrance in the Age of Mass Culture (New York: Columbia 

University Press, 2004).  For a treatment of public memory, see Ronald Rudin, Remembering and 

Forgetting in Acadie: A Historianôs Journey Through Public Memory (Toronto: University of Toronto 

Press, 2009). 
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someone in a never-is. . . a generalized envy for, and so glamorization of, an imagined 

time or condition.ò
4
  In this, nostalgia represents a dual projection, specifically the recall 

of an idealized version of the past for the purposes of imposing upon it an idealized 

version of the self.  Nostalgia works in one direction only, namely the imagination of 

what came before as somehow better than what exists at present.  It is considered fallible, 

a ñnever was,ò because of the rose-tinting of recollection.  But where nostalgia, memory 

and identity intersect is when the knowledge and values embedded in identity become 

desynchronized with the knowledge and values embedded in the historical consciousness 

of the mass.  This produces a deeply individualized anomie, a feeling not that norms have 

been eroded per se, but that we have realized that the concurrence between what we 

know, believe and can make reference to through the problematic of imputed shared 

experience is less than it once was.  Much as one feels choked when the material artefacts 

of memory are suddenly and catastrophically destroyed, as is the case with a house fire or 

the unintentional, unrecoverable deletion of sole copies of electronic data, the action of 

memory in discarding pasts that are no longer relevant evokes a species of nostalgia that 

is closer to loss. 

 When a physical community is lost through catastrophe, the shock of the event is 

sufficient to make it the subject of both immediate interest and historical enquiry.  When 

it is winnowed or eroded through the workings of macro-level forces like changes in the 

means of production or the mode of consumption, scholarly history eventually seeks to 

capture this past as well.  If a physically unbounded community dedicated to some 

particular purpose or notorious because of its acts dissolves, the crease in the fabric of 

                                                 
4
 Mark Kingwell, ñFive Stops: Homesick and Wanting in the Blue Republic,ò in Opening Gambits: Essays 

on Art and Philosophy (Toronto: Key Porter Books, 2008), 146. 
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history left by its passing may well draw the eye of a future chronicler.  But if a 

community does not exist in physical space, keeps no bureaucratic minutiae and, by 

virtue of its status as a sub rosa entity does not cause events to noticeably bob in its wake, 

there will be no reconstruction of its trajectory.  Methodologically defined as it is by its 

reliance on the physical, be it in the form of documents or the detritus of events, 

academic history has proved inapt to the examination of self-organizing online 

communities.  Despite appearances to the contrary, history and memory are united in 

their adhesion to their own definition of the practical: memory forgets what it believes it 

is not useful to know, and history rests on a platform of what it deems practically 

knowable. 

 This essay represents an attempt to resist the confining pragmatisms of both 

memory and history.  In its desire to provide a published record of what memory has cast 

off, it will attempt to strike against the lossy present-mindedness of what is held to be 

relevant in the elusive now.  In its bending of the rules of documentary investigation and 

its goal of reconstructing a form of social interaction that occupied no space and now 

exists primarily in the memory of its participants, it will seek to supersede the discursive 

formula of what history believes can be known.  Finally, in its attempt to produce a 

memoir through the mode of analysis ï for I, its author, lived and breathed the 

phenomena that shall be described here ï it will stand as both a product of and an 

antidote to the nostalgia not of an idealized past, but of a past forgotten. 

Art and the Digital Underground 

Hackers, crackers, warez d00ds and couriers; users, systems operators, coders and 

moderators; lamers, phreaks and digital artists.  All are archetypes of current online 
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identities, and all draw their origins from the same source: the digital underground of the 

pre-Internet era.  Riding the wave of the microcomputer revolution, archipelagos of 

discrete, self-contained online communities rose up in the sea of the public telephone 

network.  The voice channel of a phone circuit could carry data between machines, and 

with that came all of the anonymizing and identity-masking effects of networked 

communications that are familiar now.  The majority of these dial-in bulletin board (BBS) 

systems operated legitimately, frequently requiring real names of their users and 

authentication through callback verification.  Beyond these, however, was a sub rosa 

branch of systems whose devotion to quasi-legal or illegal activities demanded that their 

users craft online personae distinct from their public selves behind the façade of the 

handle.
5
 

Both the legitimate and illegitimate branches of the ecology of systems that 

comprised the pre-Internet online world arose because of the weakening or overcoming 

of identifiable economic, technological and social constraints.  Similarly, the variety of 

roles played by each in serving the communities of users that patronized them was 

defined by either the modification of these constraints or, as is especially the case with 

examples of social constraint, the influence wielded over patterns of online behaviour by 

evolving archetypes of online identity and the establishment of identity- or community-

derived norms unique to this operating environment.  Much like any physical community, 

users of bulletin board systems came to define standards of behaviour, codes of conduct 

and discursive practices through their interactions with each other and the interplay 

between their community and the broader structures that sustained it.  Many of these 

practises found their way into software, as was the case with the ways in which bulletin 

                                                 
5
 Also known, then as now, as a username, alias, or nick. 
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board operators sought to shape user behaviour through expedients like anonymization 

and post-to-call ratios.  Within the permeable, evolving realm of what software would 

and would not allow, however, forms of expression peculiar to the medium, the 

constraints that governed it, and the identities of those who participated in it arose.
6
 

Many of these forms are 

familiar to the present.  Bulletin 

boards were computer-based 

conversation systems that typically 

provided their callers with private 

email between users, public messaging, file transfers, and access to third-party programs 

(ñdoorgamesò).  These are all functions that persist now, and the data that flows through 

them is scarcely different.  But if one looks at the presentation of these functions, 

examining the aesthetic of user interface over the access it enabled, a new form of 

expression appears: that of the system itself.  This is the way in which software appears 

to users, and it is a phenomenon referable to an identifiable set of historical influences.  

Its natural limits are defined by the computing paradigm within which online interaction 

takes place and the broader forces responsible for the rise of that paradigm.  In 2010, the 

graphics and multimedia-intensive aesthetic of the online world is defined by a cluster of 

mature, commoditized technologies, namely high-resolution displays, graphical user 

interfaces, megabyte-plus connectivity, and the superabundance of processing power that 

ties them all together.  In 1990, the limits of the form were defined by text-mode 

                                                 
6
 ñPermeableò because the limitations inherent in any one software package tend to encourage other 

developers to write new software in an attempt to overcome the limitations of the old. 
7
 ñParagon Menu Prompt,ò in Oblivion/2 BBS Software version 2.10 (Location Unknown: Darkflame 

Enterprises, 1993), http://cd.textfiles.com/somuch/smsharew3/MODEM/OBV2-210.ZIP (accessed March 

14, 2009). 

 
The Form of the Interface I: "Paragon" menu prompt from 

Oblivion/2 BBS Software version 2.10, 1993.   ñ59 Leftò 

refers to how much time the user has left on the bulletin 

board.  Because of the cost of their operation and their 

scarcity vis-a-vis the size of the population of users who 

accessed them, users were given a daily allowance of time 

to use the system.
7
 

http://cd.textfiles.com/somuch/smsharew3/MODEM/OBV2-210.ZIP
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graphics, keyboard-driven interfaces, and connection speeds measured in tens of kilobits.  

As a result, the online systems of this period had both a distinctly different visual 

aesthetic and interactive ñfeelò than their contemporary counterparts. 

While the definition of what qualifies as art has expanded tremendously over the 

past century, computer interfaces are only gradually moving out of the periphery of what 

qualifies as acceptable subjects of criticism or historical analysis.
8
  The study of interface 

design is driven by the corporations that are the largest users and marketers of computer 

technology, and designs are evaluated in terms of their efficiency, comprehensibility, and 

ability to promote a brand.  Academic literature that addresses computer interfaces as has 

only recently come into its own, a fact that is surprising given that the encouragement of 

sentiment through the arrangement of software elements ï art by any other name ï is 

explicitly referenced in interface design through the nebulous category of ñuser 

experience.ò  It becomes doubly surprising when one notes the decades-old art world 

fetish for ñinteractiveò works and the oceans of ink that have been spilt in discussing the 

aesthetics and historical influences of noted industrial designers.  The ties of sentiment 

that spring up between users and the fictional characters of video games are the same as 

those that appear amongst readers of literature.  An implementation of an algorithm in 

software, specifically the arrangement of the elements that comprise a given routine, may 

produce an emotional response from the programmer that implements or reviews the 

code.  Users are often attracted or repulsed not merely by the functionality of software, 

but by the design of its interface.  The relationship between the arrangement of form and 

the feeling it evokes makes interface a species of art ï but the silence of scholarly 

                                                 
8
 See Lev Manovich, ñPost-Media Aesthetics,ò in disLOCATIONS, ed. ZKM (Karlsruhe: ZKM, Center for 

Art and Media/Center for Interactive Cinema Research, University of New South Wales, 2001) and Lev 

Manovich, The Language of New Media (Cambridge, MA: The MIT Press, 2001). 
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literature on the subject suggests that this categorization is not shared by many 

commentators. 

History is the arrangement of selected facts into a narrative that seeks to expose 

and explain past events.  Historians ask why things happened the way they did, and they 

answer this question by placing events within a causal framework that relates them back 

to the forces responsible for their occurrence.
9
  Works of art are salubrious to the study of 

history not merely because the meaning of their expression is rooted in a specific period 

and set circumstances, but also because the form in which they are expressed represents a 

framework through which broader material social and economic constraints can be 

exposed.  The impact of romanticism on modern conceptions of art and the lionization of 

the role of the artist-creator resulted in the popular belief that the major limiting factor on 

artistic expression is the unbridled imagination of the artist himself, but this is not strictly 

true.  Instead, the first-order constraints that govern the creation of art and the form it 

takes are the availability of materials and the ways in which these materials can be 

arranged to produce meaning.
10

 

While it must be acknowledged that deterministic materialism is not the sum and 

total in the explanation of the adoption of forms of expression, it must equally be 

recognized that material conditions play a significant and definable role in the 

development of these forms.  To cite an example, the rise of a paradigm of painting 

through the use of siccative oil and mineral-based pigments would not have occurred 

absent the discovery and economic viability of the technique.  To cite another, the 

                                                 
9
 E. H. Carr, What is History? (London: Macmillan, 1961). 

10
 See Michael Hatt and Charlotte Klonk, Art History: A Critical Introduction to Its Methods (Manchester, 

UK: Manchester University Press), 37: ñWhat gives art its characteristic forms in each age is that such 

individuals worked within a precise set of technical and social constraints ï for instance, the artistic 

materials at their disposal, contemporary commercial practices and the requirements of patrons.ò 
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colourful, highly stylized block images that appear in these pages could not have been 

created in the form they were outside of a technological environment whose parameters 

can be defined and explained.  To borrow from the language of mathematics and  

computer science, a function expresses a dependence between variables; some of these 

variables (ñinputò) are known, while the rest (ñoutputò) are produced by the operation of 

a relationship or algorithm.  Historians are intimately familiar with this concept because it 

is the bread and butter of their work: by running derivations against the output of certain 

events using the input of other events, they seek to define relationships whose operation 

is responsible for the development of phenomena through time.  In this they are the 

reverse-engineers of causality ï technicians of the past working on the algorithm of why. 

 The images presented here represent just such a discrete series of outputs that can 

be related back to equally discrete inputs through a causal argument.  This form of 

artwork (ñANSIò) developed during the late 1980s, flourished during the 1990s, and 

disappeared by the turn of the century.  It was the product of a unique computing 

environment in that its form represented a response to the technological constraints of the 

IBM PC as it existed during this period.  It was most often found on that class of bulletin 

                                                 
11

 ñCharisma v.1.10 BBS List,ò in Charisma BBS Software version 1.10 (Hamilton, Ontario: Grip 

Microdesigns Inc., 1994), ftp://archives.thebbs.org/bbs_programs/cbbs110r.zip (accessed March 10, 2009). 

 
The Form of the Interface II: Stock Output from the ñBBS Listò function of Charisma BBS software 

version 1.10, 1994.
11

 

ftp://archives.thebbs.org/bbs_programs/cbbs110r.zip
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board systems that used a particular family of software and operated within what has 

been referred to as the digital underground, the segment of the online world dedicated to  

 

hacking, software piracy and other illicit activities.  Its creation was inspired by attempts 

by artists and systems operators to gain access to definable social goods peculiar to the 

computing paradigm of the era and the patterns of production, distribution and 

consumption permitted and encouraged by the same.  Finally, the development of the 

aesthetics of the form was driven by technological advances within this paradigm, and its 

disappearance can be traced to an equivalent market paradigm shift that was responsible 

for the rise of the Internet. 

Beyond the palliation of nostalgia, the purpose of this work is three-fold.  First, it 

will capture and expose examples of a form of expression that, subject to the 

forgetfulness of the pragmatism of the present, are in danger of being lost forever.  

Second, it will relate this form back to a particular time period and series of governing 

conditions to explain why it developed when and in the way that it did.  Finally, it will 

demonstrate the validity of the explanation offered by charting the evolution of the form 

                                                 
12

 Lord Jazz, ñOblivion/2 v.2.30 Matrix Logon ANSI,ò in Oblivion/2 BBS Software Version 2.30 (Location 

Unknown: Darkflame Enterprises, 1995), ftp://archives.thebbs.org/bbs_programs/obv2%2d230.zip 

(accessed March 8, 2009). 

 
The Form of the Interface III: Matrix Logon Menu by Lord Jazz (ñldò), which appeared in Oblivion/2 BBS 

Software version 2.30, 1995. Is this art?
12

 

ftp://archives.thebbs.org/bbs_programs/obv2-230.zip
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and its demise as these governing conditions changed and, eventually, became 

inoperative.   In fine, these artworks may be used as a lens through which the dense 

network of economic, technological and social factors that inspired their creation might 

be viewed.  More important than this, however, is that their use necessitates the bending 

and adaptation of certain rules of contemporary historical scholarship.  This represents an 

opportunity to demonstrate that the mode and methodological assumptions of academic 

history are still viable in an epoch in which digital technology is redefining the historianôs 

basic unit of analysis, the document, in a way that presents new problems in the 

authentication, use, and preservation of source materials. 

All of this is made vastly easier by the fact that the period under study is one of 

both recent and personal memory, with the latter serving to fill gaps in the record 

introduced by the twin forces of deletion and obsolescence.  While the argumentative 

essence of history is the interpretation of data through the operation of causality, 

historical enquiry shares points of convergence with art not merely by its expression 

through narrative, but because it demands that the historian engage in a work of 

imagination: that of conjuring the past from the perspective of the present.  When the 

distance between the two can be measured in terms of a few years to a few decades, the 

disconnect between what is known now and what existed then is proportionately reduced; 

so too is the imaginative burden.  Bias toward the sources emerges because of their 

proximity, the so-called present-minded fallacy, but there are also more sources available 

ï and as shall be discussed, they are not long-lived. 

Categories of Analysis 

No good work of research may proceed without defining its terms of reference.  
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The narrative presented here will draw on four categories of analysis that will be used to 

identify and characterize certain historical forces and explain the influence they exerted 

over the development of the form of the artwork discussed here.  Drawn from established 

scholarship in the fields of sociology, history, and the history of technology, these present 

a conceptual framework through which events can be traced back to their originating 

causes.
13

  In this it should be remembered that categories are a mere conceptual 

framework foisted on events of greater complexity than can be described using any given 

schema; when the object of enquiry is the operation of an entire subculture, care must be 

taken not to view the categories employed as either exhaustive or definitive.  Those used 

here are filters designed to sift data and render it comprehensible, and filters are 

inherently lossy in that their purpose is to emphasize what is viewed as important by 

discarding data deemed irrelevant.  The story presented here cannot be viewed as the final 

word on the development of the species of computer artwork under discussion, but 

instead a preliminary examination designed to encourage further scholarship. 

Category I: Constraint 

 All human activity is subject to a variety of forms of constraint.
14

  While freedom 

may exist in the abstract, philosophical sense of the word, only a sophist would argue that 
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there is a one-to-one relationship between abstract freedom and practical or realistic 

freedom.  What this means is that while self-aware entities are arguably free to do as they 

wish, what they may actually do is constrained, as an example, by their physical and 

mental capacity, their imagination, the level of socioeconomic development of the society 

in which they operate (including the availability of resources and goods), and the 

influence of authoritative, normative structures that proscribe certain behaviours.  This 

sum of physical, macrohistorical and individual forces defines the upper limit of what is 

possible in a given period; so doing, it describes what is probable within the same.   

 As a category of analysis, constraint is so intrinsic to the way human beings 

interact with the world that it is often overlooked.  From the assessment of bare physical 

threat to the execution of strategy, all choice that features an estimation of risk appeals to 

constraint when evaluating alternate courses of action and hypothetical chains of 

causality.  Constraint may be fixed, or elided by choice; it may be structural and 

economic, or it may operate individually; it may prescribe hard limits or merely influence 

behaviour.  Most significantly, it may frequently be bypassed or undone by conscious or 

unconscious human activity.  If one accepts that humans are advantage-seeking creatures 

as a function of their status as biological organisms and that they frequently seek 

advantage without active knowledge of the object sought or the internal workings of 

mechanisms they interact with, two conclusions present themselves.
15

  The first is that 

human beings will seek to overcome limitations that affect their ability to survive and 

reproduce, whether these lie in accessing the bare rudiments of subsistence or higher-

order manifestations of the same like wealth, prestige and power.  The second is that 
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knowledge of the existence of a given constraint is not required for that constraint to 

exert influence over behaviour. 

 Because constraint proceeds from matters as fixed as the law of conservation of 

energy to those as flexible as the influence of morality on choice, a description of the 

relationship between constraint and the development of events is always contentious.  

Furthermore, because many forms of constraint can be influenced by human agency, 

causal reconstruction becomes especially difficult as the number of subsidiary factors 

loosened or tightened by the modification of a discrete constraint spirals out almost to 

infinity.  Historians cut their way through this thicket of relationships through the use of 

induction, the black box of lived experience whose premises allows a picture of what is 

believed plausible to be assembled from otherwise undifferentiatable masses of data.  

That these assumptions are inexplicable in that they cannot be unpacked by their bearer 

or separated from an individual consciousness explains why the same evidence can 

produce quite different conclusions and why history is a technical discipline instead of a 

science: its mechanisms of observation are not separated from its observers, and their 

calibration cannot be known.  Furthermore, as the scale of the constraints considered is 

increased, so too must be the recourse to induction.  Thus while the use of inductive 

filters is what makes the writing of history possible, such abstraction obscures the nature 

of what is studied in proportion to the complexity of the system considered. 

These factors are diminished when the object of enquiry was produced on a 

definable, documented technological system.  While computers are generative 

technologies and the influence of certain hardware limitations can be lessened through 

the use of software, the technical specifications of a computer platform represent a fixed 
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constraint within which all expression via that platform must take place.  This is only the 

case where a given form of expression lives wholly within the system, ie. is both 

produced and viewed on the same platform without recourse to intermediary actors or 

technologies, but just such a case is presented in the artwork that will be discussed here.  

As will be clear by the end of this essay, the form of the type of system that permitted 

online interaction during the period under study and the gradual evolution of the 

aesthetics of this form was directly constrained by the limitations of specific technologies 

used in that period.  That the explanation offered here is defensible is demonstrated by 

the fact that no great inductive leaps are required to link these limitations to the form that 

emerged. 

Category II: Paradigm Shifts 

The concept of the paradigm shift is derived from a seminal work in intellectual 

history, Thomas Kuhn's The Structure of Scientific Revolutions.
16

  To Kuhn, a paradigm is 

a way of conceptualizing the universe, one that bounds a specific set of phenomena by 

explaining them in terms of the paradigm and renders them controllable by the 

application of its rules.  As the accumulation of experimental data gradually reveals the 

inability of old paradigms to explain physical interactions, pressure builds around the 

deficient elements of a given theory until it collapses and is replaced by another novel 

theory that can explain them without logical inconsistency or exception.  Kuhn described 

this process as one that was fundamentally social and constructed instead of 

epistemologically pure, with the adherents to old paradigms defending them out of the 
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desire to maintain prestige instead of the purportedly nobler motive of the advancement 

of knowledge, but the adaptation of the concept presented here will overlook this 

argumentative thrust in favour of using it as a means to describe fundamental changes to 

the operative landscape of technology. 

 Here the paradigm shift takes the form of successive consumer revolutions in 

technology.  These are revolutions of commoditization, defined as the process by which 

economies of scale render previously expensive, inaccessible and distinguishable goods 

inexpensive and indistinguishable in the marketplace through their increased availability 

to the consuming public.  Classic historical examples are sugar and coffee, which began 

as luxury goods before the workings of European imperialism made them a staple of 

nascent consumer societies.  A contemporary example is computers, more accurately 

described as access to microprocessors, whose successful commoditization was 

responsible for the decline of the mainframe era that existed prior to 1980 and the rise of 

the personal computer in the period that followed.  Of more recent vintage is the 

commoditization of network access, a hallmark of the end of the age of the traditional 

telephone company (ñMa Bell,ò 1920-1990, R.I.P.) and its replacement by the Internet 

era.  Yet more recent still is the commoditization of software and computing platforms 

themselves through the development of the open source software movement and cloud 

computing.
17

  What is of interest here is not the reconstitution of physical reality 

according to a theoretical model, but instead the diminution or elimination of specific 

market constraints that affect the price and availability of goods.  These represent 
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changes in the paradigm of the marketplace, defined as what problems can be solved 

through the application of the limited capital available to individual consumers and small 

businesses. 

 An economic or consumer paradigm shift is typically the direct descendant of a 

scientific paradigm shift that allows for the emergence of new technology, but this is not 

always the case.  When evaluated from the perspective of the widespread market 

availability of technology, consumer paradigm shifts may occur simply because of 

changes in the ancillary technologies that support the production and distribution of 

goods.  As an example of the lead time between a scientific paradigm shift and its 

consumer equivalent, consider the case of the microprocessor revolution mentioned 

earlier.  While the discovery of the scientific predicates of this shift took place in the 

1950s and 1960s, the operation of economies of scale did not bring the application of 

these technologies within the reach of consumers until the early 1980s.
18

  A further 

example is supplied by the network access revolution of the 1990s.  Broadband network 

access was technologically feasible once innovations in semiconductors and fibre-optics 

could be combined into a package that transmitted data as light.  Consumer broadband 

network access, however, was only economically viable once the cost of acquiring and 

deploying these technologies dropped to a point that permitted the development of a mass 

market. 

 In Kuhn's theory, what drives the replacement of a scientific paradigm is its 

inability to satisfactorily explain certain physical phenomena.  In the adaptation used in 

this paper, what drives consumer paradigm shifts is the inability of the existing 
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technological framework to produce marked improvements in either efficiency or 

productivity.  The personal computer revolution occurred because corporations and 

consumers found greater efficiencies in adopting a distributed, individualized, on-

demand, user-oriented approach to data processing than continuing with the centralized, 

departmentalized, time-shared, batch-oriented approach common to the mainframe era.  

Lying underneath the commoditization of the computer was the discovery and successful 

commoditization of integrated circuits and, eventually, microprocessors, volatile memory 

and storage media.
19

  Likewise, the network access revolution occurred because of the 

need to communicate across great distances at costs lower than those charged by 

traditional telephone companies and because greater efficiencies could be realized by 

both connecting users to each other and liberating purchasers from vendor-specific 

network implementations.  These demands drove the development of last-mile 

infrastructure solutions and the adoption of the Internet Protocols (TCP/IP) as the 

standard means of network information interchange.
20

 

Economic paradigm shifts are macrohistorical events because they fundamentally 

alter how goods are produced, distributed and consumed.  They do this because 

commoditization brings the cost of formerly emergent technologies down to the point 

where they can be acquired and used by typical consumers and businesses.  A scientific 

paradigm shift is always of historical interest because of the discoveries it produces and 

the way in which it alters our understanding of the universe, but of greater relevance to 

the study of consumer societies is the operationalization of a new concept in the form of 
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the adoption of the technologies derived from it. 

Category III: Operating Environment  

Operating environment is best defined as the complex ecology of hardware, 

software and network technologies that are the product of an identifiable technological or 

consumer paradigm shift.   It can comprise everything from the availability of technology 

to its prevalence, the geographic and demographic features that govern its use and, as 

defined by the paradigm, the natural limitations of the technologies in question.  In the 

history of computers, the implementation of technology in the form of a discrete, 

integrated package is best described as a platform.
21

  This is a combination of hardware 

and software that defines the framework through which computing resources can be 

accessed and used.  While any mathematical function or repetitive operation can be 

implemented in software, the specifications of the hardware that underlies the platform 

represent a fixed, upper-limit constraint that defines the absolute range of software that 

may run on it.  Beyond this, operating systems ï the system software that provides 

applications with an interface layer to the underlying hardware ï represent a constraint 

that determines the practical range of software that can exist on a given platform. 

 It is thus natural that the limitations of a given platform will define the forms of 

expression that can be sustained on it.  Consumer-grade digital video did not exist in the 

1980s because the computing platforms dominant in that era did not permit it: their 

hardware was insufficient to the task, and because of this insufficiency no software that 
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might permit expression in this form was developed.  Certain elements of a given mode 

of digital expression are thus uniquely referable to the constraints of the platform on 

which they took place.  At a higher layer of abstraction, these constraints also define the 

social aspect of patterns of use: because they were centralized resources, mainframes 

encouraged the development of communities bounded in physical space.  The natural 

opposite to this are microcomputers, which tend to produce communities bounded by the 

reach of the networks they are capable of accessing. 

 It would be a mistake, however, to think of platforms and operating environments 

as equivalent concepts.  The difference between the two is one of scale: while a platform 

is bound to a single object in the form of a computer, operating environment refers to the 

overall technological context in which computing takes place.  As such it absorbs 

everything from the way in which computing resources are packaged to the means 

through which computers can be connected to each other (networking technology and 

topology), the ways in which software is produced and distributed (closed or open source, 

physical or virtual media) and, most importantly, the range of social and other goods 

available through the use of technology and the mechanisms that control access to these 

goods. 

  The best way to illustrate the effect of the constraint of operating environment is 

by examining a good desired across periods separated by different paradigm shifts and 

the way in which technology influences the social interactions that permit access to this 

good.  Software piracy exists in both the period under study and the present because 

individuals desire commercial software products but in many instances would prefer not 

to pay for them.  Where applicable, they would also prefer to avoid being prosecuted for 
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copyright infringement.   When the distribution of commercial software (which is price-

scarce) takes place via physical media due to the absence of digital access points through 

which it may be acquired, piracy assumes the form of the ñsneakernetò ï the physical 

passing of disks between individuals.  Here there is concurrence between the physical 

social network in which an individual broadly operates, the social network through which 

they acquire commercial software, and the assessment of trustworthiness that permits 

access to the same. 

When the same basic conditions of distribution persist but the public (in this case 

telephone) networks allow for the creation of informal digital distribution points, the 

result is the disruption of the link between the physical and social networks that give 

access to these goods.   As was the case in the 1980s and early 1990s, this encourages the 

rise of virtual communities whose membership is bounded by what geographic and 

economic constraints are reflected in the structure of the network (area codes and long 

distance charges).  Legal liability is mitigated through the putative anonymity of the 

medium, though this means that trustworthiness can only be determined by how users 

present themselves to others, how vigorously they participate in the illegal distribution of 

software, and how well they demonstrate their commitment to the values of the 

community by adopting its expected attitudes and self-expressive tropes.  Finally, when 

the network no longer carries forth geographic constraints as strongly, the result is the 

creation of user communities bounded only by the broad limitations of language, interest, 

and network accessibility.  This is the case with post-millennial software piracy, which 

recognizes limitations of geography and jurisdiction only to the extent that siting server 

assets in certain countries reduces the risk of civil or criminal sanction. 
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What should be clear from the preceding is not just how operating environment 

affects the likely form of user interface, as is the case with hardware and software 

limitations, but also how it is produced by paradigm shifts that strongly influence the 

social aspects of computer use.  The production of the artworks that will be analyzed here 

occurred in a definable operating environment that exerted two forms of pressure.  The 

first, an unavoidable constraint, was inherent in the medium through which they were 

created and viewed: the limitations of the platform used by their authors was directly 

responsible for specific aspects of the form of their expression, and identification of these 

limitations gives a strictly technological explanation of why they appeared as they did.  

The second, a persuasive or influential constraint, proceeds from the features of the 

overall operating environment of the period instead of those restricted to a given 

platform.  By demonstrating how larger economic factors affected patterns of computer 

use and thus the reasons why the online communities that were the galleries of these 

artworks developed, a more comprehensive explanation of the motivation of the artists 

and the tropes they employed emerges. 

Category IV: Ethos 

The final constraint that will be employed in this analysis is ethos, defined as the 

characteristic spirit of a people or community.  Ethos consists of the overt and latent 

values of a group unified by geographic propinquity, historical circumstance or voluntary 

association, and these define the virtues and vices that are held up for approbation or 

reprobation by members of the group.
22

  Values may be completely organic to the entity 
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which sustains them, but they are far more frequently defined by interaction between the 

group and either economic constraint or other social actors.  While ethos traditionally 

describes the spirit or belief system of those living in an embedded community joined by 

ties of kinship or nationhood (so-called historical ñpeoplesò), in the context of a modern, 

diversified, industrialized society it is more appropriate to describe not a single ethos but 

multiple cultural constructs operating at national, regional, cultural and sub-cultural 

levels.
23

 

 It is the adoption or rejection of the values contained in ethos that defines the 

baseline for membership in a given community ï at least so long as such membership is 

construed beyond the merely physical or geographic.  The acceptance of values may 

occur through acts observable by others, but more typical is the signalling of acceptance 

through the use of symbols.  These may range from simple statement or braggadocio 

through to expressions as complex as reputation and style.  Within a group, power and 

prestige flow to those individuals who control access to resources or whose conduct best 

embodies the values the group considers praiseworthy.  Values themselves are reinforced 

and gradually modified through individual or collective acts of performance.
24

  Ethos acts 

as a constraint on behaviour by defining what should and should not be done by members 

of a given community in order to sustain membership in that community.  Like paradigm 

shifts and operating environment, the relationship between ethos and the actions of 

community members is not deterministic; much as the first two are products of economic 

and technological evolution, ethos is the sum of a continuous process of social evolution.  
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As the products of human endeavour, then, ethos and operating environment therefore 

influence free will as much as they can be undone by it.   

 Certain factors distinguish the ethos of online communities from all others, 

however.  The first is that online communities do not exist in physical space, so the 

assessment of value-conformity by their membership must take place through 

representation or symbolism.  As these communities operate outside the bounds of 

traditional social surveillance, members must repose a higher degree of trust in the 

representations of their peers.  The second is that participation in these communities is 

voluntary in a way that membership in physically bounded communities is not.  To join 

an online community one must connect to it, and when the relationship between ñrealò 

identity and representative identity is disrupted by the anonymizing interposition of the 

terminal and the network, no force of involuntary peer pressure or equivalent social 

coercion exists.  This is only truly the case in completely anonymous online communities 

ï as an example, the pressure to join non-anonymous social networking sites like 

Facebook can be quite high ï but where the artwork discussed here achieved its fullest 

flowering was on systems that eschewed the use of real names. 

Addressed here under the banner of ethos are the values of the pre-Internet digital 

underground.  Their examination permits the reconstruction of what was important to 

members of the archipelago of systems that defined this branch of the online world 

during the period under study.  It also offers insights into why some messages and 

aesthetic choices, tropes by any other name, were repeated and reiterated by artists who 

adopted the form.  As will be clear by the end of the analysis, the technological paradigm 

of the era and the operating environment it produced were responsible for the framework 
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in which these values developed, with changes to both of these constraints producing the 

permutation of these values that persists into the present.  The novelty of the medium, for 

no widely-available online communities existed prior to the 1980s, means that the period 

examined here represents the first instance in which these values emerged.  As such, 

studies like this stand as the mooring stones of what will hopefully become a new 

platform of historiography.
25

 

Problems of Historical Research in the Reconstruction of Online Communities 

 History became a professional discipline in the late nineteenth century, and many 

of the assumptions of that period are carried forth in its current conceits.  Foremost 

amongst these is the privileging of the document within the general category of sources.  

While the definition of what qualifies as a document has expanded tremendously over the 

past fifty years, the key criterion that distinguishes documents from all other sources 

remains: as a representation of information, they must typically take a bounded, physical 

form.  The reasons for this are straightforward and go to the heart of historical 

methodology.  Elementary analysis of sources begins with defining what they are and 

determining when, where and by whom they were produced, all core components in the 

process of authentication and weighting that defines the relationship between historian 

and evidence.  These tasks are proportionately easier with physical documents for four 

reasons, namely that they are sight-verifiable; the location in which they are found 

provides evidence of authorship, intent and authenticity; the constituent parts of the 

document (ink, paper, etc.) can be studied forensically; and the cost in effort to produce a 
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physical forgery is high enough to make such occurrences unusual.  Furthermore, the 

citation formats most commonly employed in the writing of history are geared toward the 

documentary products of the pre-digital era, namely books, articles, letters, reports, 

bureaucratic minutiae and so forth that with identifiable authors, publishers, and 

publication dates. 

 Sources that are created, viewed and stored entirely in the digital domain often 

fail to carry these heuristics, especially when they are created informally.  The identity of 

authors is obscured by their use of pseudonyms and the anonymous nature of networked 

communications.  The physical identifiers that allow documents to be traced to a 

particular place and time are reduced to what limited and untrustworthy information is 

captured by the filesystem on which they reside.  Perhaps most importantly, the 

technological platforms that allow for the display of sources like these as they would 

have appeared when new are gradually degraded and eliminated through obsolescence.  

These are not sources that can be held in the hand or which hold out the prospect of 

palimpsest, and they cannot typically be stored in an archive in a way that preserves their 

original integrity.  Paper, parchment, animal skins, stone and wax tablets and all of the 

other traditional vehicles of information interchange are incredibly long-lived when 

compared with their digital counterparts.  They can survive fire, flood and physical 

decay; they may moulder unmolested in an attic or basement until a researcher finds them 

and puts them to use.  No medium of digital storage whose lifespan can be counted in 

more than mere decades presently exists, and beyond physical media lie the problems of 

file format, encoding and compatibility.
26
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 Because of its inherent preference for the physical instead of the digital, the 

reconstruction of history through the use of primary sources inexorably privileges those 

groups and individuals who were organized enough to record their activities on 

traditional media.  Entities constructed along formal lines of organization, be they 

government ministries, benevolent societies, political pressure groups or any number of 

equivalent analogues, have long stood as the standard subjects of research.  Where 

historians have used digital sources they have typically done so as an adjunct to ñrealò 

historical scholarship, namely spelunking in archives, assembling narrative threads from 

packets of correspondence, or close-reading diaries.  This is partially due to the origins of 

the current generation of practising historians, many of whom were reared in an era in 

which the definitional integrity of the document had not been as undermined by 

digitalization as it is at present.  But it is also because academic history as it currently 

exists is ill-suited to an age of continuous, seamless connectivity and point-to-point 

communication through machines. 

 Beyond the problem presented by the changing nature of the document in the 

twenty-first century is the issue of boundedness, for until now historians have been able 

to view the authors of documents through the lens of social formations that are in some 

way referable to physical space, be they in the form of nation, class, ethnicity and so 

forth.  While these concepts still work even in a period of intense globalization, as most 

economic and social activity still takes place primarily in the physical world, they fail 

spectacularly when applied to communities that exist solely within the realm of the 

network.  How does one apply either traditional methods of documentary analysis or 

traditional conceptual frameworks to an online message board or a chat room?  How does 
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one evaluate transnational entities that are bounded only by the electronic protocols that 

carry their communications?  The antecedents of this development lie in the telephone 

and telegraph, but neither of these media presented an environment like that of the 

present, in which an unavoidable bifurcation between the real and virtual self has 

emerged.  The denizens of a given time period often think that the age in which they live 

is without precedent, but the changes that have been wrought by the rise of the Internet 

and its precursor technologies have made the present different from the past in a manner 

that is unusual. 

 The problem currently faced by history is but another facet of the problem 

currently faced by newspapers and record labels, namely the commoditization of 

information.  Privileged publishing points no longer exist as the capital required for mass 

publication is within the reach of more people than ever before, but this cost is reduced 

because of the ephemeral nature of the medium in which such publication takes place.  

Similarly, the primacy of physical archives has been reduced because an archive can now 

be anywhere computing, mass data storage and networking technology converge.  The 

difference between these archives and those that preceded them, however, is that digital 

document repositories can be destroyed by simple deletion instead of more cataclysmic 

acts of God and their contents can never be said to be either authoritative or subject to 

standard methods of authentication.  Sources must be taken on their own merits like 

never before, and sources must be recognized as both more fragile and difficult to access 

than those that exist on paper or other immediately-accessible physical media. 

 To meet these challenges, certain rules of historical scholarship must be bent or 

suspended.  First, the document author must be acknowledged as truly dead, or at least 
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the conception of the author as a physically discrete entity that can be known beyond his 

or her voluntary, symbolic representations of self.  The artists who created the works 

studied here operated anonymously and there is no ready or plausible means of 

discovering their personal histories as a way of understanding why they created what they 

did.  Second, the notion of place and time as features that root a document in a specific 

milieu cannot be sustained when evaluating documents created and viewed wholly 

digitally: one cannot know where a document was created as the site where it is found 

gives few clues as to its origins, and one cannot rely on the date information carried 

within a document for any reason other than sheer necessity as the relationship between 

date and document is anything but indelible.  Third, none of these documents can be 

viewed in their original context as the systems that hosted them have all been destroyed 

by obsolescence.  While the hardware on which such systems ran can still be acquired, 

this will not be the case within approximately two decades, and while these hardware 

platforms can be emulated in software, such emulation only imperfectly captures the feel 

of the original systems. 

 From these premises a set of broader assumptions are derived, and it is these 

assumptions that make the writing of this work feasible.  Undergraduate students of 

history are warned to be mindful of the present-minded fallacy, specifically the fact that 

the interpretation of events of recent vintage is made more complicated by the lack of 

emotional distance between researcher and subject.  The concern is that the values of the 

present or the conclusions that proceed from the same will be carried too strongly into the 

interpretation of the available evidence.  Because the window in which digital sources of 

the type examined here ï those of spontaneous, self-organizing communities ï can be 
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found and analyzed is compressed by the nature of the sources themselves, so too must be 

the length of time that separates acceptable subjects of research from those that are 

considered too close to the present.   

Next, because the memory of the systems that sustained these sources, the ñfeelò 

or atmosphere created through the use of these systems and the ethos that this gave rise to 

exists most completely in the minds of those who used them, certain of the techniques of 

personal memoir must be enlisted if a comprehensive image of the period is to be 

assembled.  Much must be taken through the recollection of these ñeyewitnessesò and, 

although memory is unquestionably fallible, given weight on their authority alone.  

Finally, because these sources carry so few bibliographical details of their own, the rules 

of citation must be weakened if they are to be incorporated into the work.  Here they are 

frequently given approximate titles and estimated dates, and while part of the final 

chapter is devoted to discussing two of their most prolific ñpublishers,ò the analysis there 

is speculative at best. 

The considerations and assumptions advanced in this and prior sections provide a 

rough outline of how this study will proceed.  The overall scene will be set by discussing 

the paradigm shift that permitted the rise of the microcomputer and describing the 

secondary technologies that developed in the market churn created by competition 

between computer platforms.  This partial picture of the operating environment of the era 

will be complemented by a treatment of the market constraints, mainly in the form of 

networking technology, which encouraged the development of the type of online systems 

that hosted these artworks.  Next, the platform-specific technological constraints that 

defined the building-blocks of the form will be identified, and the way in which gradual 
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changes in these constraints affected how these artworks were created and viewed will be 

analyzed.  Finally, ethos of the digital underground ï its values and how they were shaped 

by the operating environment in which they emerged ï will be analyzed in an attempt to 

explain the social forces that encouraged artists to develop this mode of expression. 
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II  
Digital Ecology in Evolution: Paradigm, Operating 

Environment and Platform  

 
Cyberspace.   A consensual hallucination 

experienced daily by billions of legitimate 

operators, in every nation, by children being 

taught mathematical concepts... A graphic 

representation of data abstracted from t he banks 

of every computer in the human system.  

Unthinkabl e complexity. Lines of light ranged in 

the nonspace of the mind, clusters and 

constellations of data.  Like city lights, 

receding.  

   --  William Gibson, Neuromancer
27 

 

 The first link in the chain of events that explains the emergence of ANSI art, the 

dominant mode of artistic expression of the computer bulletin board systems of the 1980s 

and 1990s, is the consumer paradigm shift referred to in these pages as the 

microprocessor revolution.  The development of microprocessor technology, its 

commoditization, and its integration into the personal computer represented a 

fundamental weakening of market barriers that inhibited consumer access to automated 

data processing technology.  It is natural, then, that the history presented here begins by 

providing an overview of the origins of computing technology and an explanation of how 

hobbyist-entrepreneurs eventually came to create a mass market for such devices. 

This paradigm shift was only the beginning, however: once consumers began to 

adopt the microprocessor in earnest, other adaptive changes took place within the 

technological operating environment of the period.  IBM entered the personal computer 
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market in force and came to define the dominant hardware platform of the age; as this 

was the native environment of ANSI art, the peculiar reasons for its success will be 

briefly discussed.  Next, as the most widely accessible public network in the period was 

the public switched telephone network, a short treatment of the history of the North 

American telecommunications network and the popularization of the analog modem, 

again a product of the actions of hobbyist-entrepreneurs, will be provided.  Finally, as 

ANSI art achieved its highest form on that class of bulletin board systems that specialized 

in software piracy, we shall address the ways in which the microcomputer and the modem 

both created a market for personal computer software and affected the ways in which it 

was distributed.  By the end, a complete picture of the broad technological constraints 

that defined the technological operating environment will emerge ï and through it, an 

exposition of the economic premises required to permit expression through ANSI art. 

When considering the relationship between a precursor technological 

breakthrough and its eventual transformation into a market paradigm shift, it is important 

to remember the role of popularization and the dialectic relationship between independent 

technology popularizers and established business entities.  While scientists are 

responsible for bridging the gaps in knowledge that eventually lead to new consumer 

technologies, in the computer industry it was frequently the technicians who, by virtue of 

their work in the big information technology businesses of the day, helped new 

technology escape from its corporate or scientific cloister and applied it to the problems 

faced by consumers.  Without hobbyists, whose activities proved that a market for 

personal computers was viable, the industry would not have appeared at the time that it 

did; without corporations reaching down and exploiting opportunities the hobbyists had 
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made obvious, the mass market for this class of devices might have developed much 

more slowly.  Hobbyists were likewise responsible for the consumer adoption of the 

modem and the invention of the bulletin board system.  Through this, they inadvertently 

ensured that BBS operators were private, non-institutional actors, a fact responsible for 

the origins of mass software piracy and, through it, the unleashing of social pressures 

responsible for the finest examples of ANSI art. 

What each of these developments represents is a response to market constraints in 

the form of the price-accessibility of technology.  Where these constraints weakened, as 

was the case with the microprocessor, first-generation computer hobbyists found that 

their desire for creative expression through technology was no longer price-inaccessible.  

Where they remained strong, as was the case with telephone long distance rates or the 

price of software once the personal computer market became established, second-

generation hobbyists ï ones whose level of technological sophistication made them users 

of technology rather than pioneers ï determined how these new technologies could be 

used to access sought goods at reduced cost.  What separates the hardware hackers of the 

1970s from the ANSI artists of the 1990s is the scope of the constraints under which they 

operated: the former leveraged the overall technological environment of the era to create 

new platforms out of nothing, while the latter worked within the much more fine-grained 

constraints of their chosen computing platform to, amongst other things, conjure artwork 

out of the ether. 
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The Microprocessor Revolution 

Prior to the late 1970s, computing took place on mainframe computers.
28

  These 

were expensive, physically imposing batch-processing behemoths produced by big names 

in American business like Honeywell, Westinghouse, UNIVAC and the ubiquitous IBM.  

While mechanical quasi-computing devices have existed since time immemorial, what 

distinguishes a modern computer from its mechanical precursors is the fact that the 

former represents an unchangeable implementation of a specific subset of functions while 

the latter, so-called ñuniversalò computers, are theoretically capable of implementing any 

algorithm in software.
29

  Computers have been conceptualized as thinking machines, but 

in reality ï or at least at present ï they are little more than complex calculators producing 

results according to determinate, human-designed mathematical functions.
30

  The 

productive strength of computers lies in their ability to process data, specifically their 

ability to substitute electronic effort for its human equivalent in the execution of 

repetitious calculations.
31

 

 The natural applications of computing technology are in the automation of 

repetitive processes, such as the performance of calculations that require speed, precision, 

the use of large data sets, or any combination of the above.  It is thus unsurprising that 

both the initial and, until recently, largest users of computers have been corporations and 

government entities responsible for tasks like the collection of census data, the 
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management of sophisticated supply chains, the maintenance of accounts, the integration 

and control of discrete systems, or the physical modelling of reality.
32

  Modern 

computing developed under the pressure of wartime, and its immediate applications were 

in trajectory calculation, fire control, and cryptography and statistical analysis.
33

  State-

level actors could afford the punitive costs associated with deploying and developing new 

technologies and could command the labour of cutting-edge researchers and finance 

research through the twin motivators of taxation and conscription.  Although one might 

expect that the end of the Second World War would bring with it a reduction in 

government-backed research expenditures, the onset of the Cold War and the creation of 

the national security state and permanent defence research establishment it required 

ensured continued capital investment in this area.
34

 

 Mainframe computing carried the imprint of the historical circumstances that 

encouraged its development and the culture of its great patrons, namely government and 

the defence industry.  Mainframes were expensive, physically imposing, centralized 

installations of massively parallel data processing technology.
35

  In terms of 

infrastructure, they required dedicated power, heating, ventilation and air-conditioning 

systems as well as consumables provided by their manufacturers and a small army of 
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dedicated technicians and administrative staff to keep the system running.
36

  Operating 

continuously for efficiency and executing programs in batch, they had no user interface 

beyond punch cards or tape until the development of time-sharing and inexpensive 

terminals in the 1960s and 1970s.  Their basic technologies and systems architecture, 

however, were scarcely different from those of today: they used volatile memory for 

program and variable storage, employed integrated circuits for in their processors and 

input/output units, and allowed for the connection of a variety of peripherals through 

buses.  They ran stored programs and conformed to the design of the von Neumann 

architecture.
37

  Microcomputers differ from mainframes only in their size, cost, 

availability, complexity and degree of integration, for what separates them from their 

forebears is no great technological leap beyond incremental improvements in 

miniaturization, energy efficiency, scale, cost of production, and their degree of 

architectural parallelization.  Both stood on the ground broken by the development of the 

transistor and the integrated circuit, and both became commercially viable in their 

respective eras in the main because of advancements in manufacturing technology. 

 Indeed, the only major difference between a microprocessor and the central 

processing units of mainframe computers is that the former places all of the basic 

subsystems required by a CPU on a single integrated circuit.  This became possible 

because of advancements in the number of transistors that could be packed on a single 

die, with small-scale circuit integration (SSI, tens of transistors) gradually being replaced 

by medium-scale integration (MSI, hundreds of transistors) in the late 1960s, large-scale 

integration (tens of thousands of transistors) in the mid-1970s, and finally very large-
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scale integration (VLSI, hundreds of thousands of transistors) in the 1980s and beyond.
38

  

Integration on this scale streamlined manufacturing and reduced the cost of processing 

capacity to the point where computing technology became price-accessible to the 

consumer market.  Although the history of the computer industry tends to emphasize the 

role of business and hobbyists in the widespread adoption of the microprocessor, it has 

recently become clear that the first microprocessor was not the Intel 4004, but instead the 

highly classified Central Air Data Computer of Garrett AiResearch, which was designed 

as the core of the avionics package of the US Navy's F-14 Tomcat fighter aircraft.
39

 

Fascinating though it may be, the role of the Cold War in the creation of the 

microprocessor is less important than the alterations wrought in business and consumer 

life by the commoditization of microprocessor technology.  The first consumer 

applications of microprocessors were in desktop calculators like the now-famous 

Busicom 141-PF, which in 1971 used the aforementioned Intel 4004 as ï not 

unexpectedly ï a lower-cost, less-complex alternative to the custom chipset originally 

designed by the company.
40

  The gap between the desktop calculator and the personal 

computer, however, was bridged by the maturation of the early market for 
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microprocessors and the application of the growing expertise of small-scale systems 

designers to the problem of consumer-grade computing.  Within the vibrant electronics 

hobbyist communities in the United States lay untapped repositories of talent that would 

serve as both the first innovators and first marketplace for generalized computer 

implementations targeted at individual users instead of large corporations or research 

institutions.
41

  The abundance of university-level courses in the FORTRAN (and later 

BASIC) programming language for students in engineering, mathematics and the 

physical sciences meant that the market problem of personal computing was one of 

availability and cost instead of knowledge; likewise, popular interest and aptitude in 

electronic engineering meant that this problem could be solved by individual users in a 

way that met the needs of individual users.
42
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 The use of a keyboard or keyswitches and 

monitor as input and output devices for 

controlling a computing platform had held sway 

since the their combination in the US Strategic 

Air Command's Semi-Automatic Ground 

Envrionment (SAGE) system in the 1950s, but 

far more familiar to the contemporary user of 

technology is the form assumed by Don 

Lancaster's TV Typewriter.
44

  At the time its 

circuit design was released to the public in 

Radio-Electronics magazine in 1973, keyboards and cathode ray tube (CRT) monitors 

were expensive, speciality devices that were either price-inaccessible to consumers or 

available only to large manufacturers.  This design, which was sold in a kit containing 

printed circuit boards that were to be assembled by hobbyists, represented but one 

instance in which specialized technology osmosed from its institutional incubators ï at 

the time of its creation, Lancaster worked in developing displays for the US military ï 

into the consumer marketplace.  The permeable membrane of people that separated the 

initial designers of technology and those that sought to make it accessible to the mass 

consisted of those expert enthusiasts that comprised the core readership of magazines like 

Popular Electronics, Radio-Electronics and the genre-setting Byte. 

 The pattern of development of devices like the TV Typewriter illustrates certain 
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Lancasterôs TV Typewriter: Radio-

Electronics, September, 1973.
43 
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key features of the dawn of the microcomputer era.  While military procurement drove 

the development of specific technologies and the economies of scale generated by the 

same reduced prices to the point that these technologies could be acquired by the public, 

their integration into widely-accessible platforms proceeded through amateurs instead of 

industry.
45

  The Altair 8800, one of the first popular minicomputer designs, was kit-

assembled from what were still expensive but nonetheless off-the-shelf components.
46

  

Popularization of these underlying technologies took place more in the garage laboratory 

than the research and development facilities of established manufacturers, though the 

latter (Xerox' Palo Alto Research Centre is but one example) exerted an undeniable 

influence over the shape of the consumer-oriented industry to come.
47

  The exception to 

this lovely narrative, one which draws rather heavily on the uniquely American trope of 

the tinkerer whose mechanical expertise eventually results in riches, is found in crossover 

companies that adapted business-oriented lines of manufacture to emerging consumer 

demand for automated data processing technology.  Even these, however, originated with 

single individuals: there could be no Commodore PET, a popular early microcomputer 

design, had founder Jack Tramiel not shifted that corporation's focus away from 

typewriters to desktop calculators, and then from calculators to general-purpose 

computing devices that used substantially the same technology.
48

  The microcomputer 

revolution was thus one of technological popularization instead of breakthrough, with 
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incremental advancement and end-over-end increases in demand driving adoption. 

 Just such a technological fairy-tale exists in the example of Apple Computer Inc., 

established in Cupertino, California in 1976.  The company began by selling the Apple I, 

a kit computer assembled by  hand by acknowledged engineering genius Steve Wozniak 

in the garage of his business partner, Steve Jobs.  They sold prized personal chattels to 

finance the development of their computer, built the system around the MOS 6502, the 

cheapest available microprocessor at the time, employed an open, documented 

architecture in deference to the hobbyist community that represented the foremost market 

for the device, relied on the expertise of their users to add necessary components to the 

system (a display and keyboard were not included), and were hardly sanguine about the 

prospect of long-term success or profitability.
49

  Subsequent models released in the late 

1970s introduced expansion slots, long a feature of other designs originally targeted at 

hobbyists, floppy disks, high-resolution graphics, and an operating system that consisted 

of a BASIC interpreter running in read-only memory (ROM).
50

  Sales of the platform 

trailed behind the offerings of Tandy and Commodore, both of which entered the personal 

computer market at approximately the same time, until an elemental feature of the 

microcomputer paradigm catapulted the company to rapid success.  This was user-

designed software, specifically VisiCalc, the world's first spreadsheet application. 

 VisiCalc represents the first and best example of a ñkiller app,ò a computer 

program that so thoroughly meets an emergent technological need or is so desirable that it 
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drives the mass adoption of the subsidiary technologies required to use it, specifically the 

computer platform for which it was designed.
51

  Between its creation in 1979 and its 

replacement in 1985 by second-generation spreadsheet software (notably Lotus 1-2-3), 

VisiCorp sold somewhere in the neighbourhood of 600,000 copies of VisiCalc, made its 

founders millionaires several times over, and catapulted Apple Computer from a garage-

workshop company to a major national enterprise.  In the process, it created a new market 

for productivity software that was rapidly entered by both upstart corporations like Lotus 

and established players like IBM.
52

 

For the purposes of 

historical study, however, the 

significance of the example of 

VisiCalc lies in its use as a symbol 

of how the microprocessor 

revolution changed the way in 

which individuals accessed computing technology, solving previous market problems 

while introducing a new set of constraints. In the integration all of the components of a 

CPU on a single chip, microprocessors reduced the size of computer implementations and 

thus slashed manufacturing costs while increasing the number of potential applications of 

computer technology, from cruise missiles to desktop calculators to personal computers.  

So doing, they removed computers from the closed, capital-heavy environment of the 
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defence industry, major corporations and academia and placed them within reach of the 

mass, eliminating their former status as privileged, inaccessible goods.  From here, 

private innovators assembled the technology into consumer-oriented platforms that could 

be purchased in integrated form and used without the high level of technical or 

engineering expertise that had formerly been required.  This resulted in the rise of the 

personal computer as the premier generative technological environment of this era and 

the present, as end users could now leverage the open hardware architectures of these 

systems to develop peripherals and the open software environment of the same to author 

programs that automated what had formerly been manual tasks.  It was no longer 

necessary to go to Honeywell or UNIVAC or any of the other big, unwieldy integrated 

solutions providers to process data; similarly, it was no longer necessary to attach oneself 

to a university or research facility, navigate their bureaucracies to gain access to a 

computer, compete with other researchers for scarce CPU cycles, or use punch cards to 

design an algorithm. 

The effect of all of this was to break apart certain of the castes of computer 

operators that had arisen as a result of the economic constraints of the mainframe 

environment while producing a feedback loop between end-user innovation and systems 

availability that rapidly increased the size of the personal computer marketplace.  The 

user community of the mainframe era consisted of the major industry players that sold 

systems, the institutional technical staff that supported them, the innovators who used 

these systems to design new technologies (predominantly software), and the end users 

who put the processed data to use.
53

  The early microcomputer period saw the 
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amalgamation of the first three classes of users, more often than not people who had 

worked in the mainframe environment, in the form of inventors who used their technical 

expertise to develop and use kit computers.  The typical microcomputer operator in the 

mid-1970s needed to know how to solder components, build keyboards, interconnect 

devices, and then program both the system and applications software that made these 

computers usable.  By the late 1970s these users had formed companies that sold 

computers as integrated devices, lowering one of the key barriers to use of the 

technology: one no longer had to assemble a keyboard or a computer by hand.  Once 

these companies gained a foothold in the market, end users themselves could design 

applications software for a given platform without hardware expertise, and as this 

software became more useful and available it encouraged the broader adoption of 

personal computers.  This led to the emergence of the pure, non-expert user of 

technology, that class of consumer that used systems pragmatically, ie. without 

assimilating the technological errata of a given platform for its own sake.  Encouraged by 

the money that could be made in selling hardware or applications software to this last 

group, a second-generation set of designers sprung up to cater to this emerging 

marketplace. 

By 1980 the basic form of the personal computer had largely taken shape.  It 

consisted of a motherboard built around a microprocessor from Zilog, Intel or MOS, 

contained a chipset that provided subsidiary input/output functionality for video, 

primitive sound (fully digitized audio, wavetable synthesis and the like were still a ways 

off) and disk access, stored a basic operating system in ROM, and included a keyboard 

and either expansion slots, expansion ports or both for the connection of manufacturer 
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and third party peripherals.
54

  Computer clock speeds, the rate at which a processor 

evaluates a cycle of instructions, were measured in single megahertz instead of the 

gigahertz of the present; random-access memory (RAM), the scratch pad used for storing 

program instructions and variables, was counted in kilobytes instead of the gigabytes of 

2010.  Software and data files were stored magnetically on floppy disks or cassette tapes 

whose total capacity was a few hundred kilobytes.  The mouse and high-resolution colour 

graphics had been invented long before, but the limitations of the platforms that arose 

during this period were such that neither achieved significant adoption until much later in 

the decade.   The preferred mode for the presentation of data was text projected onto 

monochrome, phosphor-coated monitors, the ghostly green or orange and black familiar 

to those who remember the era.
55

 

 During the same period the overall outline and composition of the market for 

personal computers took shape.  During the early 1980s, dozens of small, medium- and 

large-sized enterprises introduced their own unique computing platforms, but by 1983 

market shake-outs had reduced these to three major offerings: Apple Computerôs Apple II 

(and later Macontish) line of products, Commodore Internationalôs wildly successful 

Commodore 64 (and later Amiga) platform, and the IBM PC.    Each of these platforms 

appealed to different classes of users based on their price points, the market positions of 

their manufacturers, and the technologies they offered.  Apple computers sold most 

readily to home and educational users who sought a combination of games and 

                                                 
54

 See the list of early-period computer platforms available at old-computers.com: Thierry Schembri and 

others, eds., ñSystems Released in 1980,ò in Old-Computers.com (Carignan de Bordeaux, France: Old-

computers.com: n.d.), http://www.old-computers.com/museum/year.asp?st=1&y=1980 (accessed February 

10, 2009). 
55

 The timeline provided by the Computer History Museum can be of great assistance in understanding the 

rapid pace of development within the industry, especially after 1980: Computer History Museum, Exhibits: 

Timeline of Computer History (Mountain View, CA: Computer History Museum, 2006), 

http://www.computerhistory.org/timeline?category=cmptr (accessed February 10, 2009). 

http://www.old-computers.com/museum/year.asp?st=1&y=1980
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productivity software; Commodore, whose platform was relatively inexpensive and 

offered better graphics and sound capabilities, took the home gaming market by storm; 

and IBM used its established market presence in the corporate sector to monopolize most 

of the market for business PCs.
56

   

It was Big Blueôs introduction of the IBM PC in 1981 that drove market 

consolidation by making it more difficult for bit players to establish a toehold and by 

pushing platforms designed by relatively established competitors like Atari and Tandy 

Corporation out of the market.  Later attempts by Apple to unseat IBM from its 

dominance in the corporate sphere met with resounding failure, as was the case with the 

initial quality-control problems that scuttled the Apple III in the eyes of consumers and 

the exorbitantly-priced Apple Lisa, which sold for $9,995 in 1983.
57

  By the middle of the 

decade, IBM and Commodore held a combined total of 66% of the marketplace, with the 

remainder mainly held by Apple; by the end of the decade, 80% of all personal computers 

were either sold by IBM or implemented its architecture.
58

 

Regardless of market share or the technical details of specific platforms, the 

                                                 
56

 This much can be reconstructed from the platform offerings of these companies during the period and the 

software base they came to support.  The Apple I was emphatically a hobbyist-tinkerer machine, as the end 

user had to manufacture the computer case and do some electronics design work to assemble the circuit 

board into a working PC.  Appleôs early dominance of the home computer market and its relative failure 

within the business market is made plain by its development of the Apple Lisa, its overpriced and 

ultimately unsuccessful business-class PC.  At an MRSP of $595 in 1981, the Commodore 64 was the 

cheapest PC offering during the early 1980s, a position it maintained throughout the decade.  It also 

featured the best sound and graphics capabilities until the development of multimedia capabilities on the 

IBM PC in the early 1990s.  As a result, the system came to feature the largest number of games for any 

personal computer platform until 1990 and, by extension, the most vibrant software piracy scene during the 

same period.  IBMôs offering was more expensive than that of its competitors and carried features designed 

to permit it to interface with its larger IBM mainframe siblings.  It was the preeminent development bed for 

business productivity and database software ï indeed, its Monochrome Display Adapter (discussed later) 

was specifically designed to enable high-quality business text processing. 
57

 Oldcomputers.net, ñApple Lisa,ò in Old Computers (Orange County, CA: Oldcomputers.net, n.d.), 

http://oldcomputers.net/altair.html (accessed February 6, 2009). 
58

 Jeremy Reimer, ñTotal Share: 30 Years of Computer Market Share Figures,ò in Ars Technica  (New York: 

Conde Nast Digital, December 14, 2005), http://arstechnica.com/old/content/2005/12/total-share.ars/ 

(accessed February 10, 2009). 
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explosive growth of the personal computer industry demonstrates the ultimate viability of 

the microprocessor as the key technology around which systems could be built.  A 

potential mass market for personal computing technology existed independently of its 

substrate technologies; it merely had to be discovered, developed and exploited.  This 

was not a matter of breakthroughs in technology, but instead of incremental 

improvements in manufacturing, marketing, design and price-availability such that the 

operations of the mass could successfully commoditize the technology in question.  As 

this took place, the level of expertise required to use the devices dropped.  Computers 

became devices that could be bought off the shelf and used without significant training 

instead of knowledge-privileged goods one had to study in order to use.  This tendency 

became ever-stronger as personal computers began to appear in homes, small businesses 

and large corporations: as the market expanded, so too did the pressure on manufacturers 

to grow this market by reducing or eliminating knowledge-barriers to adoption. The rise 

of the microprocessor paradigm is thus best explained as the market bypassing a series of 

constraints, notably the price of data processing and the physical space and capital 

requirements of the same, and their replacement by a new set of constraints.  This 

allowed certain formerly insoluble problems to be solved and new efficiencies to be 

exploited while introducing a new set of problems that replaced the old. 
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IBM PC Dominance: The Rise of the Clones 

IBM entered the personal 

computer market because of fears that 

its traditional business, which was the 

design, manufacture and sale of 

mainframe and minicomputers to 

corporations, would be outflanked by 

the rise of personal computers built 

around the new microprocessors.
60

  This 

threat was made clear by the meteoric success of Apple between 1978 and 1980.  As a 

late entrant, IBM sought to diminish the time required to develop its platform by using 

off-the-shelf components and contracting out the design of operating system software to 

other companies.
61

  The IBM PC used the Intel 8088 microprocessor, a 16-bit design that 

could address one megabyte of random-access memory, then an unheard-of amount in an 

environment dominated by 8-bit machines that could only address 64 kilobytes of 

RAM.
62

  IBM's initial choice of operating system was CP/M, which had been designed 

by Digital Research Inc., of California and was typically used on computers produced by 

                                                 
59

 International Business Machines, ñIBM Personal Computer ï Before the Beginning: Ancestors of the 

IBM Personal Computer,ò in IBM Archives (Aramonk, NY: n.d.), http://www-

03.ibm.com/ibm/history/exhibits/pc/pc_1.html (accessed February 10, 2009).  The eye-watering price tags 

carried by IBM equipment in the late 1970s -- $9,340 to $23,990 for the IBM 5120 ï underline the threat 

posed by Apple and company. 
60

 Robert S. Sobel,  IBM vs. Japan: The Struggle for the Future (Briarcliff Manor, NY: Stein and Day, 

1986), 175-194. 
61

 International Business Machines, ñThe Birth of the IBM PC,ò in IBM Archives (Aramonk, NY: n.d.), 

http://www-03.ibm.com/ibm/history/exhibits/pc25/pc25_birth.html (accessed February 10, 2009); 

International Business Machines, ñIBM Personal Computer,ò in IBM Archives (Aramonk, NY: n.d.), 

http://www-03.ibm.com/ibm/history/exhibits/pc/pc_1.html (accessed February 10, 2009). 
62

 In reality, the 8088 was a variant of the Intel 8086 that used an 8-bit external bus.  Memory addressing 

was unchanged.  See Gennaidy Shvets, ñIntel 8088 Microprocessor Family,ò in CPU-World.com (Fairfax, 

VA: Cpu-World.com: n.d.), http://www.cpu-world.com/CPUs/8088/ (accessed February 10, 2009). 

 
The IBM Model 5150 Personal Computer, released in 

1981.
59
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