


Timeline

1972 Atari’s arcade Pong by Al Alcorn

1975  Kee Games’s arcade Tank by Steve Bristow and Lyle Rains

1975 Atari’s Home Pong by Al Alcorn, Bob Brown, and Harold Lee

1977 Atari VCS released

1977 Atari’s VCS Combat by Larry Wagner and Joe Decuir

1978 Atari’s VCS Slot Racers by Warren Robinett

1978 Atari’s VCS Adventure by Warren Robinett

1978 Namco’s arcade Space Invaders by Tomohiro Nishikado

1979 Activision founded

1979 Intellivision released by Mattel

1980 Cinematronics’s arcade Star Castle by Tim Skelly

1980 Namco’s arcade Pac-Man by Toru Iwatani

1980 Atari’s VCS Space Invaders by Rick Maurer

1981 Atari’s VCS Pac-Man by Tod Frye

1981 Atari’s VCS Asteroids by Brad Stewart

1981 Atari’s VCS Yars’ Revenge by Howard Scott Warshaw

1981 Imagic founded



[xii]

1982 Atari 5200 introduced; Atari VCS renamed “Atari 2600”
1982 Activision’s VCS Pitfall! by David Crane
1982 Atari’s VCS Raiders of the Lost Ark by Howard Scott Warshaw
1982 Atari’s VCS E.T.: The Extra-Terrestrial by Howard Scott Warshaw
1982  Parker Brothers’ VCS Star Wars: The Empire Strikes Back by Rex 

Bradford



When someone creates a computer artifact like a video game, a digital 
artwork, or a work of electronic literature, what type of process is this? 
Here’s one idea: it is a creative act that is similar in many ways to writing 
a poem or taking a photograph, except that in this case, the creator doesn’t 
use words one after another on paper or light bent through an aperture. 
This type of inscription or exposure doesn’t happen—so what exactly does 
happen?

The creator of a computer work might design circuits and solder 
chips. Or, this author might write instructions for the integrated circuits 
and microprocessors of a particular computer, or write software in a high-
level programming language, or create 3D models to be added to a virtual 
world, or edit digital video for embedding in a Web site.

The same question could be asked of the critic who interacts with such 
a work. What does a creator, historian, researcher, student, or other user 
do when experiencing a creative computer artifact? An encounter with 
such a work could involve trying to understand the social and cultural 
contexts in which it came to exist. It might also involve interpreting its 
representational qualities—what it means and how it produces that 
meaning. Alternatively, a study might involve looking at the methods of 
this work’s construction, or the code itself, or even the hardware and 
physical form of the machines on which it is used.

All of these levels of computational creativity are connected. Fortu-
nately for those of us who are interested in such uses of the computer, 
there have already been many studies of digital media dealing with the 
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reception and operation of computer programs, with their interfaces, and 
with their forms and functions. But studies have seldom delved into the 
code of these programs, and they have almost never investigated the plat-
forms that are the basis of creative computing.1 Serious and in-depth 
consideration of circuits, chips, peripherals, and how they are integrated 
and used is a largely unexplored territory for both critic and creator.

Platforms have been around for decades, though, right underneath 
our video games, digital art, electronic literature, and other forms of 
expressive computing. Digital media researchers are starting to see that 
code is a way to learn more about how computers are used in culture, but 
there have been few attempts to go even deeper, to investigate the basic 
hardware and software systems upon which programming takes place, the 
ones that are the foundation for computational expression. This book 
begins to do this—to develop a critical approach to computational 
platforms.

We hope this will be one of several considerations of this low level of 
digital media, part of a family of approaches called “platform studies.” 
Studies in this fi eld will, we hope, investigate the relationships between 
platforms—the hardware and software design of standardized computing 
systems—and infl uential creative works that have been produced on those 
platforms.

Types of Platforms

The Atari Video Computer System (or VCS, a system also known by 
its product number, 2600) is a well-defi ned example of a platform. 
A platform in its purest form is an abstraction, a particular standard 
or specifi cation before any particular implementation of it. To be used 
by people and to take part in our culture directly, a platform must 
take material form, as the Atari VCS certainly did. This can be done by 
means of the chips, boards, peripherals, controllers, and other compo-
nents that make up the hardware of a physical computer system. The 
platforms that are most clearly encapsulated are those that are sold as a 
complete hardware system in a packaged form, ready to accept media such 
as cartridges. The Atari VCS is a very simple, elegant, and infl uential 
platform of this sort.

In other cases, a platform includes an operating system. It is often 
useful to think of a programming language or environment on top of an 
operating system as a platform, too. Whatever the programmer takes for 
granted when developing, and whatever, from another side, the user is 
required to have working in order to use particular software, is the plat-
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form. In general, platforms are layered—from hardware through operat-
ing system and into other software layers—and they relate to modular 
components, such as optional controllers and cards. Studies in computer 
science and engineering have addressed the question of how platforms 
are best developed and what is best encapsulated in the platform. Studies 
in digital media have addressed the cultural relevance of particular soft-
ware that runs on platforms. But little work has been done on how the 
hardware and software of platforms infl uences, facilitates, or constrains 
particular forms of computational expression.

When digital media creators choose a platform, they simplify devel-
opment and delivery in many ways. For example, such authors need not 
construct an entirely new computer system before starting on a particular 
creative project. Likewise, users need not fashion or acquire completely 
new pieces of hardware before interacting with such a work. That said, 
work that is built for a platform is supported and constrained by what the 
chosen platform can do. Sometimes the infl uence is obvious: a mono-
chrome platform can’t display color, for instance, and a videogame 
console without a keyboard can’t accept typed input. But there are more 
subtle ways that platforms infl uence creative production, due to the idioms 
of programming that a language supports or due to transistor-level deci-
sions made in video and audio hardware. In addition to allowing certain 
developments and precluding others, platforms also function in more 
subtle ways to encourage and discourage different sorts of computer 
expression. In drawing raster graphics, there is a considerable difference 
between setting up one television scan line at a time as the Atari VCS 
demands, having a buffered display with support for tiles and sprites, or 
having some more elaborate system that includes a native 3D renderer. 
Such a difference can end up being much more important than simple 
statistics of screen resolution or color depth that are used as shorthand by 
fans and marketers.

We offer here such a platform study, one that considers an infl uential 
videogame system that helped introduce computing to a popular audience 
and to the home. Our approach is mainly informed by the history of 
material texts, programming, and computing systems. Other sorts of plat-
form studies may emphasize different technical or cultural aspects, and 
may draw on different critical and theoretical approaches. To deal deeply 
with platforms and digital media, however, any study of this sort must 
be technically rigorous. The detailed analysis of hardware and code 
connects to the experience of developers who created software for a plat-
form and users who interacted with and will interact with programs on 
that platform. Only the serious investigation of computing systems as 
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specifi c machines can reveal the relationships between these systems 
and creativity, design, expression, and culture.

Although it was not the fi rst home videogame console, the Atari VCS 
was the fi rst wildly popular one. It was affordable at the time, and it offered 
the fl exibility of interchangeable cartridges. The popularity of the Atari 
VCS—which was the dominant system for years and remained widely used 
for more than a decade—supported the creation of nearly one thousand 
games, many of which established techniques, mechanics, or entire 
genres that continue to thrive today on much more technologically 
advanced platforms. Although several companies fi elded consoles, by 
1981 the Atari VCS accounted for 75 percent of home videogame system 
sales.2 Indeed, the generic term for a videogame system in the early 1980s 
was “an Atari.” Yet, despite its undisputed place in the annals of popular 
culture, and despite having been the standard system for home video 
gaming for so many years, Atari’s fi rst cartridge-based system is an 
extremely curious computer.

Cost concerns led to a remarkable hardware design, which infl uenced 
how software was written for the Atari VCS, which in turn infl uenced the 
video games created during and after the system’s reign. Given that it used 
a version of the very typical 6502 processor, which drove many computers 
and consoles, one might not guess that the Atari VCS was so atypical. But 
this processor interfaced with the display by means of a truly unique com-
ponent, the Television Interface Adaptor, or TIA. A television picture is 
composed of many horizontal lines, illuminated by an electron beam that 
traces each one by moving across and down a picture tube. Some pro-
grammers worry about having each frame of the picture ready to be dis-
played on time; VCS programmers must make sure that each individual 
line of each frame is ready as the electron gun starts to light it up, “racing 
the beam” as it travels down the screen.

The Roots of Video Gaming

In World of Warcraft, you start off, as a human, in Northshire Abbey. You 
can move your character around using the W, A, S, and D keys, an interface 
popularized by the fi rst-person shooter Quake. As you do this, the terrain 
that you’re standing on moves off the screen and new terrain appears as 
if from off screen. You are in a virtual space that is larger than the screen. 
This shouldn’t be at all surprising. It seems that every 3D game, from 
Grand Theft Auto: San Andreas and Super Mario 64 to Tomb Raider, offers 
virtual spaces that are larger than the screen. Quake and other fi rst-person 
shooters have them as well, as do 2D games. In the original Legend of Zelda, 
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for instance, when you have Link walk off one side of the screen, he 
appears on the other side of a new screen in another part of the large 
virtual space.

Video games weren’t born with these extra-large virtual spaces, 
though. Pong, Spacewar, Space Invaders, and Asteroids are a few of the many 
games that have a single screen as their playing fi eld. The idea of a game 
with a virtual space bigger than the screen had to be developed and imple-
mented for the fi rst time at some point.3 This was done by Warren Robi-
nett, as he designed and programmed Adventure, the fi rst graphical 
adventure game, for the Atari VCS in 1978.

Engage with Half-Life 2 and you could fi nd your avatar, Gordon 
Freeman, surrounded by attacking enemies who provide supporting fi re 
for each other, dodge, and hide behind cover, powered as they are by what 
the game industry calls artifi cial intelligence, or AI. The pleasure of many 
solo games, whether they are real-time strategy games such as Warcraft III: 

Reign of Chaos or fi rst-person shooters, comes from the worthy but sur-
mountable challenge that computer opponents are able to provide.

The computer’s ability to play against a person and to play somewhat 
like a person, rather than just serving as the playing fi eld and referee, 
wasn’t a given in the early days of gaming. Early on, most games were 
either two-player, like Pong and Spacewar, or else offered an asymmetric 
challenge, like that of Space Invaders. But there were other developments 
that helped the industry move toward today’s crafty computer-controlled 
enemies. One early example was Alan Miller’s Atari cartridge Basketball, 
which, in its 2K of code and graphics, managed to provide a computer-
controlled opponent for a one-on-one game. But even before then, one 
of the VCS launch titles, Video Olympics, offered a one-player “Robot 
Pong” mode that provided an opponent who, although not anthropomor-
phic, managed to be challenging without being impossible to defeat.

It’s obvious to any gamer today, and certainly also to those who 
produce games, that there are well-established videogame genres: fi rst-
person shooters, real-time strategy games, sports games, driving games, 
platformers, adventure games, and survival horror games, for instance. 
Video gaming wasn’t always stratifi ed in this way. From the very early days, 
in which two-player head-to-head challenges predominated, video games 
began to branch out as games employed many types of hardware and soft-
ware interfaces, display technologies, game forms, and representations. 
Gradually, conventions of different sorts began to emerge and various 
genres became evident.

Some of the development of today’s videogame genres arose thanks 
to computer games and arcade games, but games for the Atari VCS made 
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important contributions as well. Certain genres the Atari VCS helped 
develop (such as the vertical scroller, which was fostered by Activision’s 
River Raid) do not defi ne important sectors of today’s videogame market. 
Others remain infl uential, such as the graphical adventure game, the pro-
totype of which was Atari’s Adventure, and the platformer, pioneered in 
Activision’s Pitfall! One game critic even traces the origin of survival 
horror to the 1982 VCS cartridge Haunted House.4 Regardless of whether 
the case for this lineage is persuasive, it is obvious that the Atari VCS was 
at least a seedbed for videogame genres, if not the forge in which many 
were formed.

The Atari VCS is certainly a retro fetish object and a focus of nostal-
gia, but it is also much more than this. The system is essential to the 
history of video games, and in niches it remains a living part of the 
modern videogame ecology.

Cartridge Games for the Home

The Atari Video Computer System was the fi rst successful cartridge-based 
videogame console. (In 1982, when the Atari 5200 was introduced, the 
system was renamed the Atari 2600, the new name being taken from the 
system’s original product number. Because our focus in this book is on 
the period 1977–1983, we have decided to call the console “the Atari VCS” 
throughout the book.) The system appeared at a time when the vast major-
ity of video games were played in bars, lounges, and arcades. The arcade 
cabinet has become a rare sight in the United States, but in their best year, 
coin-operated games collected quarters that, adjusting for infl ation, sum 
to more than twice the 2006 sales of U.S. computer and videogame 
software.5

Arcade games derive directly from tavern and lounge games such as 
pinball. They are indirectly descended from games of chance, including 
midway games and slot machines. Among his many trades, Atari founder 
Nolan Bushnell worked the midway as a barker before founding Atari.6 
His contributions to video games owe much to the principles he learned 
from his experiences at the carnival.

Midway games rely on partial reinforcement—a type of operant con-
ditioning that explains how people become attached (and possibly 
addicted) to experiences. Partial reinforcement provides rewards at 
scheduled intervals. Psychologists Geoffrey R. Loftus and Elizabeth F. 
Loftus make the argument that video games offer superlative examples of 
partial reinforcement, presenting incentives at just the right moments to 
encourage players to continue or try again when they fail.7
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The classic midway games, which involve things like throwing a ball 
into a basket or knocking down bottles, appear to be contests of skill. But 
the barker can subtly alter the games to tip the odds in or out of his favor. 
For example, by slightly, imperceptibly turning the angle of the basket, 
the basketball game operator can almost ensure failure, or make success 
very easy, for a particular throw.

Midway games are illusions more than tests of skill, designed to offer 
the player just enough positive feedback to give the impression that 
winning is easy, or at least possible. The midway barker must occasionally 
allow players to win, persuading onlookers and passersby that the game is 
a sure thing. Bushnell was a natural barker; he had an uncanny ability to 
read people and play to their weaknesses. He knew that the big, brutish 
fellow would be willing to drop a small fortune trying to beat a game that 
he’d just seen a weakling master.

It was as if Bushnell had all of this in mind already when he fi rst 
started working with video games. As an electrical engineer educated at 
the University of Utah, he discovered Spacewar at school in 1962. That 
game ran on the PDP-1 minicomputer and displayed simple graphics on 
an oscilloscope. Steve Russell, an MIT student, had created Spacewar 
earlier that year. The game quickly spread to the few institutions fortunate 
enough to have a PDP-1. Given the price tag of more than $100,000, these 
were usually universities and laboratories.

Bushnell spent the next decade trying to make a version of Spacewar 
simple enough to run on more common, less expensive hardware. The 
result was Computer Space, which arcade game manufacturer Nutting 
Associates released in 1971 to very limited commercial success. Complex-
ity of play was part of the problem—the general public wasn’t accustomed 
to arcade games. Parlor and midway games inspire play based partly on 
familiarity and partly on external rewards. To make a breakthrough, 
Bushnell needed to merge his experience as an electrical engineer and as 
a midway barker.

Slot machines certainly implement the midway barker’s technique, 
providing scheduled payouts of varying amounts based on complex odds 
tables. These tables were originally encoded mechanically and are now 
represented electronically. But pinball machines and video games give the 
player partial control over an experience, and in that respect they have 
more in common with midway games than with slot machines. In the 
taverns that fi rst hosted Bushnell and Al Alcorn’s coin-operated Pong 
(1972), the game became a social hub, serving a function that darts, 
pinball, and related tavern sports had fulfi lled in that space. In Pong and 
its siblings, partial reinforcement operates on two registers. First, the 
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game encourages continued play and rematches—it promotes “coin drop,” 
a measure of the rate at which a machine takes in cash.8 Second, the game 
encourages players to remain in the bar, ordering more food and drink. 
It is important to the history of video games that they bring their persua-
sive powers to bear within specifi c architectural spaces, enticing players 
to enter and remain within certain places.

As tavern culture gave way to the video arcade of the late 1970s and 
early 1980s, secondary pursuits like eating food surrendered to the 
primary pursuit of playing games. Arcades had more in common with 
casinos than with taverns. Bushnell, ever the entrepreneur, recognized 
this as a market opportunity and decided to create an arcade space with 
the additional social and gastronomical goals of a tavern, one that would 
also appeal to a broader audience. While still at Atari, he hatched the idea 
for Chuck E. Cheese’s Pizza Time Theatres, a place for kids and families 
to eat pizza and play games.9 Here, Bushnell combined all of his prior 
infl uences. Chuck E. Cheese’s was an arcade: its games encouraged con-
tinued play and cross-cabinet play. It was also a restaurant: food and drink 
drew players to the locale and kept them there longer. Finally, it was a 
midway: players collected tickets from games of skill and chance like 
skeeball in the hopes of exchanging them for prizes.

Yet despite Bushnell’s very relevant background, Pong was not simply 
and directly the result of one man’s midway job. In 1958, Willy Higinbo-
tham created a playable version of tennis that ran on an analog computer, 
with display output to an oscilloscope, just as Spacewar would do half a 
decade later. Higinbotham worked at the Brookhaven National Labora-
tory, a federal nuclear physics research facility on Long Island. His game, 
dubbed Tennis for Two, was created as a demo for the lab’s annual visitors’ 
day. Higinbotham intended it both as a distraction from the rather 
mundane operation of the facility and, purportedly, as evidence of the 
future potential for nuclear power.

While Bushnell was working on his tavern-grade adaptation of Space-

war, Ralph Baer commenced work on his television gaming device, the 
“Brown Box.” Like Bushnell, Baer saw the potential for computer games 
among a broader market, but his great equalizer of choice was the televi-
sion, not the tavern. The Brown Box was eventually commercialized in 
1972 as the Magnavox Odyssey, the fi rst home videogame console. Baer, 
a fervent supporter of patents and intellectual property protection for 
software and electronics, worked with Magnavox to battle successor tech-
nologies in court throughout the 1970s and 1980s in many lawsuits, some 
of which named Bushnell and Atari as defendants. Some of the claims 
against Atari rested on the similarity of Pong to the Odyssey’s tennis game, 
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which Bushnell had seen before Pong was built. Magnavox prevailed. 
Baer’s opposition to similar-looking work seems somewhat ironic, 
though, given the similarity between the Brown Box’s television tennis 
game and Higinbotham’s Tennis for Two.10

Legal disputes aside, Baer and Bushnell were alike in focusing on one 
important component in their efforts to create consumer-affordable 
video games: the television. The Odyssey very obviously relied on the tube 
in a user’s own den or living room, but the arcade game Pong was televi-
sion-based as well, even though most of the TV was hidden away. Al 
Alcorn, the engineer who built Pong, purchased an ordinary consumer-
grade black-and-white television for the cabinet, paying much less than 
he would have for the equivalent industrial monitor.11

The fi rst Pong unit was installed in Andy Capp’s Tavern, a bar in 
Sunnyvale, California. Increasingly apocryphal stories of the game’s 
installation report lines out the door but almost never mention the prec-
edent for coin-operated video games in Andy Capp’s. When Alcorn 
installed Pong in the summer of 1972, Computer Space was sitting there in 
the bar already.12

Pong solved the problem that plagued Computer Space—ease of use—
partly by being based on the familiar game table tennis and partly thanks 
to the simplicity of its gameplay instructions. “Avoid missing ball for high 
score” was a single sentence clear enough to encourage pick-up play, but 
vague enough to create the partial reinforcement of the slot machine and 
the midway; after failing, players wanted to try again. One other important 
sentence appeared on the machine: “Insert coin.”

Pong’s start in a Silicon Valley tavern rather than a corner convenience 
store or shopping mall is an important detail of the medium’s evolution. 
Bars are social spaces, and the context for multiplayer games had already 
been set by the long tradition of darts, pool, and other games common to 
the tavern. Pong was launched in 1972; volume production of the machine 
started the next year; and, by 1974, there were 100,000 Pong-style 
machines that, as Martin Campbell-Kelly explained, “largely displaced 
pinball machines, diverting the fl ow of coins from an old technology to a 
newer one without much increasing the overall take.”13 But taverns are 
also adult spaces that are fewer in kind and number than the millions of 
living rooms and dens that had access to video games thanks to Baer and 
Magnavox. At a time when coin-ops ruled the market, part of the appeal 
of the home console system was its promise to tap into a new market of 
kids and families.

In 1973, just a year after Pong’s coin-op release, Atari started eyeing 
the home market for video games. The company’s home version of Pong 
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1.1 To play Atari’s Home Pong, the two players each use one of the knobs to control a 
paddle that appears on the TV screen.

(fi gure 1.1) boasted considerable technical advances over the Odyssey, 
including an integrated circuit that contained most of the game’s logic on 
a single chip, on-screen scoring, and digital sound. The device connected 
to the television directly, but was small enough to store out of the way 
when not in use. Atari agreed to let Sears sell it exclusively, and the depart-
ment store initially ordered 150,000 units.14 Atari’s triumph was short-
lived, however. In 1976, General Instrument released its $5 AY-3-8500, 
a “Pong-on-a-chip” that also contained simple shooting games. This 
component allowed even companies without much electronics experience 
to bring Pong-like games to market, and many did just that. Campbell-
Kelly writes that there were seventy-fi ve Pong-like products available 
by the end of 1976, “being produced in the millions for a few dollars 
apiece.”15

Even if Atari had cornered the market for home Pong, owning the 
system wouldn’t have done anything to directly infl uence future pur-
chases. Try as Atari did to enhance their product, offering new features 
and more controllers for multiplayer action in later versions, how many 
Pong units could one house have needed? Those at Atari therefore sought 
to imitate some features of the nascent personal computer with a home 
console that used interchangeable cartridges, allowing the system to 
play many games. There would be an important difference from home 
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computing, though: all of the cartridges for the system would be made by 
one company.

The tremendous success of Pong and the home Pong units suggested 
that Atari should produce a machine capable of playing many games that 
were similar to Pong. The additional success of Tank by Kee Games (a 
pseudo-competitor that Atari CEO Bushnell created to work around the 
exclusivity that distributors demanded) suggested another similar game 
that the cartridge-based system should be capable of playing. Tank fea-
tured two player objects, each controllable by a separate human player, 
along with projectiles that bounced off walls. The computational model 
and basic game form were almost identical to those of Pong, and became 
the essence of Combat, the title that was included with the original VCS 
package. The simple elements present in these early games would be the 
basis for the console’s capabilities from that point on.

Previous attempts at home machines that used interchangeable car-
tridges, such as the Magnavox Odyssey and the Fairchild Video Entertain-
ment System (VES)/Channel F, brought to light some potential benefi ts 
and risks for such a system. Baer’s Odyssey, released in 1972, played 
twelve games, but the players of these games had to attach plastic overlays 
to the screen to provide the sort of background that would later be accom-
plished with computer graphics. The machine had no memory or proces-
sor. Although the experience of playing the Odyssey was certainly that of 
a video game, and was important in fostering the market for home video 
games, the system was perhaps too simplifi ed, even for the time. Playing 
it may have seemed closer to board game play with a television supplement 
than to later video gaming. (The inclusion of play money and dice with the 
system couldn’t have helped in this regard.) From the release of the 
Odyssey in 1972 until it was discontinued in 1975, it seems that between 
200,000 and 350,000 units were sold.16 The machine introduced home 
videogame systems to the world, but not on the scale that the Atari VCS 
would, beginning in the late 1970s.

Fairchild’s VES, released in 1976, was the fi rst programmable, inter-
changeable cartridge system. It sported an onboard processor and 
random-access memory (RAM). The system had a rapid name change 
when Atari’s VCS was released, and is better known today as the Fairchild 
Channel F. Even before Fairchild’s system was market-tested, though, 
Warner Communications purchased Atari. The purchase was motivated 
primarily by the commercial promise of an extensible home console.17 
This 1976 acquisition provided the capital that Atari needed to bring the 
Atari VCS to market.
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Design of the Atari VCS

The engineers developing the Atari VCS needed to account for two goals—
the ability to imitate existing successful games and some amount of ver-
satility—as they designed the circuitry for a special-purpose microcomputer 
for video games. Material factors certainly infl uenced the design. At one 
extreme was the high cost of hardware components. The Channel F was 
manufactured by Fairchild Semiconductor, and unsurprisingly the system 
used that company’s Fairchild F8 CPU, a specialty processor created by 
future Intel founder Robert Noyce. At the other extreme was a lack of fl ex-
ibility. The Odyssey’s games were implemented directly in diode-transfer 
logic (DTL) on the console’s circuit board. The cartridges for the Odyssey, 
unlike those for the Fairchild system, simply selected a game from a set 
of hard options.18 The Atari VCS would need to navigate between the Scylla 
of powerful but expensive processors and the Charybdis of a cut-rate but 
infl exible set of hardwired games.

It could be done. In 1975, MOS Technology had released a new pro-
cessor—the 6502. At the time, the chip was the cheapest CPU on the 
market by far, and it was also faster than competing chips like the 
Motorola 6800 and the Intel 8080.19 The 6502’s low cost and high per-
formance made it an immensely popular processor for more than a 
decade. The chip drove the Apple I and Apple ][, the Commodore PET 
and Commodore 64, the Atari 400 and 800 home computers, and the 
Nintendo Entertainment System (NES). It is still used today in some 
embedded systems.

This chip seemed attractive, as cost was the primary consideration in 
the design of the Atari VCS. The system needed to be much more afford-
able than a personal computer, which was still a very rare and expensive 
commodity. When Apple Computer released the popular Apple ][ in 1977, 
it cost $1,298, even after Steve Wozniak’s many cost- and component-
saving engineering tricks. The same year, Atari released the VCS for 
$199.20 The price was just above the console’s manufacturing cost, a 
common strategy today but an unusual one in the 1970s. Atari was betting 
heavily on profi ting from cartridge sales, as it indeed would do.

In 1975 Atari acquired Cyan Engineering, a consulting fi rm.21 Cyan’s 
chiefs, Steve Mayer and Ron Milner, were the ones who selected the MOS 
6507 for the VCS project. This chip was a stripped-down version of the 
already inexpensive 6502. From a programmer’s perspective, the 6507 
behaves more or less identically to a 6502, but it cannot address as much 
memory, a limitation that ended up affecting the maximum capacity of 
videogame cartridges for the system.
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The 6507 was available for less than $25; similarly capable Intel and 
Motorola chips went for $200.22 But the 6507 CPU was only one com-
ponent—the Atari VCS still needed additional silicon for memory, input, 
graphics, and sound. The CPU does the essential arithmetic at the core 
of computation, but a videogame system also needs to carry out other 
functions; among them, the important job of producing sound and graph-
ics. At the time, computer graphics were mostly managed in read-only 
memory (ROM). Character sets and video memory for a grid of rows and 
lines of text were reserved in a special space in ROM chips on the moth-
erboard. Such was the case for the Tandy TRS-80 and Commodore PET, 
both also released in 1977. The Apple ][‘s graphics and sound system 
was implemented in a similar but more sophisticated way, thanks in 
part to Steve Wozniak’s experience designing an Atari arcade game. As 
Wozniak explained:

A lot of features of the Apple ][ went in because I had designed Break-

out for Atari. I had designed it in hardware. I wanted to write it in 
software now. So that was the reason that color was added in fi rst—so 
that games could be programmed. I sat down one night and tried to 
put it into BASIC. Fortunately I had written the BASIC myself, so I just 
burned some new ROMs with line drawing commands, color chang-
ing commands, and various BASIC commands that would plot in 
color. I got this ball bouncing around, and I said, “Well it needs 
sound,” and I had to add a speaker to the Apple ][. It wasn’t planned, 
it was just accidental.23

Wozniak engineered capabilities into ROM, burning what he needed onto 
chips that went onto the motherboard. Each additional chip meant more 
cost—exactly the luxury that the ultra-low-cost Atari VCS couldn’t afford.

The Atari VCS needed a system for graphics and sound similar in 
principle to Wozniak’s fl exible Apple ][, but simpler in its design and 
having less of an impact on hardware costs. For this purpose, the Atari 
VCS used a custom chip, the Television Interface Adaptor (TIA). Joe 
Decuir and Jay Miner designed the TIA, which was code-named “Stella”—
a name also used for the machine as a whole, and one which came from 
the brand of Decuir’s bicycle.24 Of course, the two sought to simplify the 
hardware design as much as possible, reducing its complexity and cost. 
For this reason, a custom graphics chip was the only real option. The cost 
of TIA research and development must have far outweighed any other 
development cost for the system, and yet it was a wise investment, given 
that graphics and sound are so essential to video games.
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RAM, the memory programs use to store temporary information 
while they are running, was very expensive at the time, so an important 
cost-saving measure was limiting its use. In 1977, the Apple ][ shipped 
with 4K of RAM. The TRS-80 and PET, both shipped in that same year, 
also sported 4K. In 1982, the Commodore 64 shipped with 64K, the 
maximum amount addressable by the 6502. By contrast, the Atari VCS has 
only 128 bytes of RAM. That amount is 1

32  of that in general-purpose 
microcomputers of the late 1970s and not enough to store this ASCII-
encoded sentence. RAM remained a costly prospect through the 1980s, 
and many home game consoles scrimped on it to reduce costs. The 128-
byte memory of the VCS was twice as large as the standard RAM of the 
Channel F. The signifi cantly more advanced NES had sixteen times as 
much RAM at 2K.

In addition to the processor, the graphics system, and memory, the 
fourth major component of the system, a chip called the Peripheral Inter-
face Adaptor (PIA) or RAM/Input/Output/Timer (RIOT), handles input 
from the two player controls and the console switches. Unlike the Odyssey, 
the Channel F, and a competitor that was to arrive in 1979 (the Intellivi-
sion), the VCS let players plug in different controllers right out of the box. 
Two different kinds were included with the system, and several different 
styles were marketed by Atari and third parties during the console’s long 
commercial life. Most notably, though, the Atari VCS introduced the joy-
stick to the home videogame player as the standard control.

In studying the Atari VCS from the perspective of the platform, several 
things stand out about the system and its infl uence on the future of video 
games. One is the strong relationship between the console and the televi-
sion. Baer correctly predicted that the TV would be central to video games. 
(Games driven by computer power had previously been designed for less 
common displays, such as oscilloscopes, or crafted for use on print or 
video terminals.) The Atari VCS—particularly its graphics and sound chip, 
the TIA—is designed to interface solely (and weirdly) with a standard CRT 
television, the sort common in living rooms and dens of the 1970s. Its 
controllers and peripherals were fashioned for use on the fl oor or the 
couch. The games made for the platform are likewise oriented toward 
home use—either for enjoying the arcade experience at home or for playing 
in different ways with friends and family. The focus on the production of 
images for display on the TV helps explain why games running on circuits 
and later computers became known as “video games.”

Another strong current in the work on the Atari VCS is the powerful 
infl uence of earlier games. Many—perhaps most—VCS cartridges are to a 
greater or lesser extent ports of arcade games. The system’s architecture 
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was designed with the popular coin-op games Pong and Tank in mind. 
Many early VCS titles were directly ported from coin-op games. Even very 
innovative titles like Adventure were directly inspired by games on other 
computer systems. After 1980, licensed arcade and fi lm adaptations 
became popular as well, especially at Warner-owned Atari. But beyond 
ports of coin-op games and adaptations from other entertainment media, 
the 1977–1983 era was one of uncertainty and experimentation in video 
games. Nobody really knew what would make a good subject for a game, 
and many relied on previous successes. Atari’s liberal use of the term 
“video” in game titles underscores the company’s reliance on transform-
ing familiar subjects into games for play on a television: Video Olympics, 
Video Checkers, Video Cube.

A fi nal observation is the tremendous representational fl exibility of 
the machine and the less-than-obvious reason for this fl exibility. The 
games created for the platform during its long life cover innumerable 
subjects and situations: dogfi ghting, bridge, hockey, treasure hunting, 
lassoing, slot car racing, dental care, and even sex acts. The breadth of the 
system’s software library becomes even more striking when one considers 
that two simple arcade games were the major inspirations for its hardware 
design—and that no one fathomed how successful and long-lived the 
console would be. 

So much was possible on the Atari VCS, and not because it was a pow-
erful computer. It wasn’t powerful at all. Rather, so much was possible 
because the machine was so simple. The very few things it could do well—
drawing a few movable objects on the screen one line at a time while 
uttering sounds using square waves and noise—could be put together in a 
wide variety of ways to achieve surprising results.

Plan of the Book

In this book we concentrate on six VCS cartridges while also discussing 
many others along the way.25 We selected these six cartridges from the 
many hundreds that have been developed because they particularly 
enlighten the discussion of the VCS platform and creative production 
upon it. We discuss them in chronological order, so that the development 
of programming practices and the changes in home and arcade video 
gaming can be tracked more easily through time. The cartridges that are 
central to our discussion are as follows:

• Combat, the cartridge that was originally bundled with the Atari 
VCS. This set of two-player tank and plane games demonstrates almost all 
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of the basic hardware capabilities of the system in a straightforward way. 
It also reveals a great deal about the relationship of home video gaming to 
arcade games, showing how even the fi rst home games based on arcade 
games would use them as a starting point and often transform them.

• Adventure, which established the action-adventure genre. This game 
represents a virtual space that is larger than the screen, showing how some 
of the affordances of the VCS platform can be used for purposes that were 
different than those originally intended. Adventure was also a radically 
different adaptation of an all-text computer game, one that again helps to 
reveal the infl uence of platforms in creative production.

• Pac-Man, a more direct take on a successful arcade game—one that 
spawned a massive craze, or, one might say, a fever. The cartridge was 
widely derided as being a poor, inauthentic port of the arcade game, yet it 
nevertheless became the overall best-selling cartridge for the Atari VCS. 
The mismatch between the arcade Pac-Man and the capabilities of the VCS 
hardware is particularly revealing.

• Yars’ Revenge, Atari’s best-selling original VCS game. Even this 
“original” started as a conversion of an arcade title. The conversion was 
jettisoned and a highly complex game took shape, one with unique graph-
ics that was well-suited to home play. This cartridge shows another impor-
tant way in which some arcade platforms (those using a fundamentally 
different display technology, vector or XY graphics) differed from the Atari 
VCS. It also reveals how a programmer used his knowledge of the VCS 
hardware to fashion a novel and effective game rather than implementing 
a partial and ineffective re-creation. The cartridge Asteroids, a contempo-
rary of Yars’ Revenge, is discussed in some detail as another case of a vector 
graphics game being adapted to the Atari VCS.

• Pitfall!, another innovative original that was developed at Activi-
sion, the fi rst third-party videogame company. This game helps to show 
the difference between cartridges produced by Activision and those pro-
duced by Atari for the same platform, and it also provides a way to look at 
the rise of third-party videogame companies and the platform-related 
challenges they faced. Pitfall! was also a critical step in the development 
of the action-adventure genre and an important step toward the side 
scroller.

• Star Wars: The Empire Strikes Back, probably the most unusual choice 
of these six. Obviously, it is a game that was produced under license and 
was meant to exploit the success of a popular fi lm. Although not the most 
famous VCS game of this sort, Star Wars: The Empire Strikes Back shows 
how a compelling cinematic situation can be translated effectively into a 
videogame challenge. The cartridge also provides a good opportunity to 
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discuss the explosion of third-party titles and the interaction between 
media properties and video games, along with the collapse of the Atari 
VCS market that ensued in 1983. Finally, it reveals how much the use of 
the VCS platform had escaped from the proprietary hold of Atari and how 
much it had advanced during the time period we are considering.

The book concludes with a short chapter. Although our platform 
study focuses on the Atari VCS during 1977–1983, this fi nal chapter briefl y 
considers some of the high points of the life of the Atari VCS from 1983 
to the present, discussing what else has been learned about the platform 
and how this platform has interacted with culture during this span of time. 
Finally, in an afterword, we look ahead to see what other platforms, and 
what other issues, can be addressed by future platform studies, and to 
consider what insights this approach can offer as we continue to think 
about creative digital media.



What video game could be more typical than an action-adventure? Any 
canon of computer games would certainly include the Ultima series, along 
with The Legend of Zelda and its successors; Tomb Raider is also an action-
adventure game, and the Grand Theft Auto series borrows from that genre 
as well as others, such as the driving game.

Before all of these looms Adventure, Warren Robinett’s second game 
for Atari. (His fi rst, Slot Racers, was a combat racing game in which each 
player navigated a rudimentary slot car through a maze, attempting to fi re 
a bazooka and hit the opposing player’s car.) Robinett was the fi rst Atari 
employee who had a degree in computer science, which may have had 
something to do with his visiting the Stanford Artifi cial Intelligence Lab-
oratory and encountering another kind of maze there—one that would 
inspire the cartridge he created. The game he devised was not at all obvious 
at the time, but it would manage to establish the basic conventions of the 
graphical adventure.

Text Adventure into Action Adventure

A few years before Robinett rode his bike between Sunnyvale and Menlo 
Park, Don Woods added on to Will Crowther’s code to complete the 
canonical version of the PDP-10 program Adventure. This Adventure, 
which made its appearance in 1976, was the fi rst example of the form 
that would be called the “text adventure” and that later still would be called 
“interactive fi ction.” Crowther and Woods’s original specimen combined 
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some elements from the fantasy roleplaying game Dungeons and Dragons 
with aspects of the experience of caving, one of Crowther’s hobbies. The 
canonical PDP-10 Adventure, like Crowther’s even earlier version, has no 
graphics whatsoever. It divides space into discrete areas and explains 
those spaces using textual descriptions.

To interact with the game, the player issues textual commands to move 
through an often-confusing series of rooms and passages and undertake 
actions in those spaces. The player moves by naming compass directions 
(GO NORTH) or destinations (BUILDING), and performs actions by 
writing simple verb-noun sentences (GET LAMP). The program can be 
accessed on a fancy video terminal, but a Teletype or other print terminal, 
of the sort that was common in the mid-1970s, works just as well. A typical 
exchange looked like this:

>go west
It is now pitch dark. If you proceed you will likely fall into a pit.
>light lamp
Your lamp is now on.
You are in a room fi lled with debris washed in from the surface.
A low wide passage with cobbles becomes plugged with mud and 
debris here, but an awkward canyon leads upward and west. A note on 
the wall says “MAGIC WORD XYZZY”.
A three foot black rod with a rusty star on an end lies nearby.

Robinett became enamored with the PDP-10 Adventure. Once Slot 

Racers was complete, he was determined to create a VCS adaptation of the 
textual game.1 Refl ecting on his work twenty-fi ve years later, Robinett 
called this effort “a combination of passion and stubbornness.”2 His 
passion was for Crowther and Woods’s game, and his stubbornness was a 
refusal to let the Atari VCS’s utterly different hardware prevent him from 
adapting the game and paying homage to it.

Around the time when Robinett became fascinated with the PDP-10 
Adventure, some programmers at MIT did as well. Dave Lebling and Marc 
Blanc, working with Tim Anderson and Bruce Daniels, kept the format of 
the text adventure for their Adventure-like game, which they called Zork. 
(This term was used at MIT to designate an incomplete program.) They 
developed an elaborate PDP-10 version of Zork by 1979, at which point 
three of them joined forces with others to found Infocom, a company 
which became the major commercial text-adventure developer in the 
United States. Infocom released versions of Zork for many home micro-
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computer platforms of the early 1980s, including the Apple ][, the Com-
modore 64, the Atari 400/800, and the IBM PC.

The development of the text-adventure genre, on the one hand, and 
the action-adventure genre, on the other, forked off from Crowther and 
Woods’s Adventure at a very early point, long before the general public 
even knew that Adventure existed. This type of inspiration and diver-
gence, caused by developers’ casual encounters with research or amateur 
work and their interest in reimplementing or improving it, was common 
at the time. The PDP-10  Adventure was an experiment, a diversion created 
by hobbyists. Although it is easy to forget about this in today’s highly 
corporate videogame marketplace, many important games have been 
developed in such a way.

The infl uence of the text-based  Adventure on Robinett was quite acci-
dental. Today, the market pulls many of the strings of videogame produc-
tion. But the canonical PDP-10 Adventure was never purchased or sold; it 
was, instead, distributed in what was informally called the public domain. 
Anyone with the right platform could install and play the PDP-10  Adven-

ture if they wanted to do so. This helps to explain why Microsoft was able 
to publish a port of  Adventure in 1981 without consulting or paying 
Crowther and Woods, and why Atari could market Robinett’s more dis-
tinctive VCS version using the same title.

Virtual Space

Text adventures render their setting and their spaces as language. This 
may seem like an unnatural mode in which to understand something 
spatial, but text adventures can represent space effectively, even portray-
ing spaces in fi gurative or unusual ways to create interesting puzzles for 
the player.

The Atari VCS was not built to present text in the way that a PDP-10 
or a TRS-80 or an Apple ][ was. It has no images of characters built into 
ROM and no facilities for text rendering and manipulation. Although VCS 
programmers did devise ways to allow something akin to typing on the 
machine, these solutions were kludges at best, never offering the kind of 
keyboard experience that was familiar to users.

Instead, the console is engineered to display graphics and play sounds. 
As described in the previous chapter, the machine offers a low-resolution 
playfi eld, two sprite graphics (each with a corresponding missile), and a 
ball graphic. Translating the fi rst text adventure had to mean somehow 
doing with the Atari VCS’s primitive graphics what the PDP-10 Adventure 
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did with prose. Robinett’s main innovation in Adventure was devising an 
approach to the graphical representation of a player’s movement through 
a complex space. Robinett explained: “I had a scheme for adapting the text 
dialogue of Adventure into a video game: use the joystick to move around, 
show one room at a time on the video screen, and show objects in the room 
as little shapes.”3

Where a text adventure would have defi ned a single location, or 
“room,” with a description, a graphical adventure would display an image 
of a virtual space on the screen. The player would move a representation 
of a character around in this space. And to move between portions of the 
larger space of which the room is a part, the player would move that rep-
resentation of a character to one of the edges of the current space, so that 
it would appear on the opposite end of an adjacent space, which the game 
would draw anew. Future action-adventure games—most notably, The 

Legend of Zelda—used this same method of rendering a large virtual space 
in screen-sized segments.

To understand how Robinett implemented his solution in Adventure, 
it is necessary to say more about TIA playfi eld graphics and Robinett’s own 
experience authoring Slot Racers.

To give the sense of a room or enclosed space, Adventure needed real 
graphical edges. As Robinett said, “In a text adventure game, a room is a 
single location. Although there are passages to other rooms, the room 
itself has no internal structure.  .  .  .  A single room can show a simple maze 
on the screen, with passages going off the screen to other (as yet unseen) 
maze rooms. The walls of the maze, of course, block  .  .  .  movement. A 4- 
or 5-room maze can be quite complicated.”4

The problem is one of boundaries. Spaces need to have well-defi ned 
boundaries to be comprehensible. Combat and Slot Racers already made 
use of a facility of the Atari VCS to provide such boundaries: TIA playfi eld 
graphics, those low-resolution screen graphics that the program can 
specify in blocks. The display supports forty blocks of playfi eld per line. 
The program can change these between (or even during) each scan line of 
the television display.

To reduce the amount of memory on the TIA chip, Decuir and Miner 
devoted only three bytes of storage to playfi eld graphics, of which two and 
a half are actually used by the display. The registers’ names are PF0, PF1, 
and PF2 (PF stands for “PlayField”). PF0 stores only half a byte, or four 
bits, and the other two store a full byte, or eight bits. Two eight-bit and 
one four-bit playfi eld storage locations amount to twenty bits of space (8 
+ 8 + 4 = 20), or exactly half of the forty blocks actually displayed on the 
screen. The TIA can be confi gured to automatically double or mirror those 
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twenty blocks on the second half of the display. The programmer does this 
by setting (mirror) or clearing (double) the lowest bit of the TIA’s CTRLPF 
(ConTRoL PlayField) register.

This capability of the Atari VCS most directly accounts for the hori-
zontal symmetry of the playing fi eld in Combat and Slot Racers (fi gure 3.1). 
In Combat, the walls in the tank variants and the clouds in both sorts of 
plane variants are drawn with playfi eld graphics. The tracks in Slot Racers 
are drawn in the same way. The reason for this symmetry being imple-
mented in hardware in the fi rst place had to do with the two-player inspi-
rations for the machine. Pong and Tank were two-player games, with a 
human controlling each player. The games set both players up with similar 
tools and obstacles—one paddle or tank, the same set of walls, and so 
forth, literally evening the playfi eld, as is culturally conventional for 
games of this sort.

PF0
 bits:  bits:  bits:

PF1 PF2

 4   5   6   7   7   6   5   4   3   2   1   0   0   1   2   3   4   5   6   7   

3.1 A clear view of the horizontal symmetry that is usually seen in VCS playfi eld 
graphics—in this case, from Combat. The left half of the screen shows how the playfi eld 
data maps to the TIA’s playfi eld registers. The TIA does not write each of the three PF 
registers in the same order: PF0 is written from the low bit to the high bit of the upper 
nybble (half-byte), PF1 is written from the high bit to the low bit, and PF2 is written 
from the low bit to the high bit. This method simplifi ed the chip’s circuit design, but it 
also made complex playfi eld routines like scrolling more diffi cult to program.
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Forming an arena accounts for one of two uses of playfi eld graphics 
in early games like Combat and Slot Racers. In addition, they are used at 
the top of the screen to display scores. One of the innovations that distin-
guished Home Pong from Tennis on the Odyssey was a score display of the 
sort that the arcade Pong also sported. Playfi eld graphics in a doubled state 
are used to render the score. Setting the second bit in the CTRLPF register 
described earlier gives the left half of the color of player 1, and the right 
half the color of player 2.

The TIA is responsible for taking the graphics data and color stored 
in each of its registers and modulating the CRT to display the result prop-
erly. For this reason, it is very easy to determine whether two different 
elements (such as a sprite and the playfi eld) overlap. Overlaps of different 
registers on common positions are called “collisions.” The TIA provides 
a set of programmer-readable collision latches for each pair of graphical 
objects, indicating whether the two objects are intersecting. Collision 
detection is a common feature of graphical video games, but it is often a 
bit tricky to code up. Thanks to the TIA’s provision for collision detection 
in hardware, it is easy to implement things such as shooting or being shot 
by missiles, running into a wall, or consuming something. All the program 
has to do is read from a set of memory-mapped registers reserved for 
collision.

Combat and Slot Racers had already used collision detection to prevent 
their tanks and cars from passing through maze barriers. The VCS Adven-

ture extended this use of collision detection to defi ne spaces to explore 
rather than just spaces where one can seek cover from incoming fi re. 
Likewise, the cartridge’s translation of text-adventure space into action-
adventure space comes from the use of playfi eld graphics as enclosures. 
Whereas the PDP-10  Adventure describes the interiors of spaces, the VCS 
Adventure defi nes their boundaries; exploration in action-adventure 
games involves testing and discovering the edges of spaces at least as 
much as it involves exploring their interiors. To allow for this type of 
exploration, Robinett had to devise a new way to use playfi eld graphics to 
describe a larger space.

Movement

Both the VCS Adventure and its PDP-10 inspiration construct a large 
virtual space by coupling many smaller spaces together and allowing the 
player to move between them. But though text adventures emphasize 
movement between spaces, action-adventure games emphasize movement 
through and within spaces. In the VCS  Adventure, the player does not 
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merely press the joystick in a compass direction to go to the next screen. 
Rather, the player moves a square around on that screen, perhaps choos-
ing to continue to the edge so that the square moves off the current screen 
and onto the next screen.

This movement set the standard for later action-adventure games, 
including the tile-based games in the Ultima and The Legend of Zelda series. 
Even though most contemporary action-adventure games use three-
dimensional (3D) rendered worlds rather than two-dimensional (2D) 
top-down ones, the concept of movement from room to room, as in a 
castle or dungeon, persists. Robinett’s solution to contiguous movement 
through space may seem obvious to us now, but it required a great deal of 
engineering, given the nature of VCS screen graphics. The Adventure man-
ual’s quaint explanation of screen-to-screen movement testifi es to how 
novel and unusual the scheme was at the time: “Each area shown on your 
television screen will have one or more barriers or walls, through which 
you CANNOT pass. There are one or more openings. To move from one area 
to an adjacent area, move ‘off ’ the television screen through one of the 
openings; the adjacent area will be shown on your television screen.” 
More than any other feature of the machine, the register-based method 
of drawing the screen a line at a time as discussed in the previous chapter 
made some styles of play and forms of game harder than others to imple-
ment. Consider Warren Robinett’s explanation of his early work on 
Adventure development: “A month later, I had a prototype: the player 
could move a small square “cursor” from screen to screen, picking up the 
little colored shapes to be found on some of the screens, which were con-
nected edge to edge. And there was a pesky dragon that chased the cursor 
around, trying to eat it. Exhausted, I went on vacation.”5 Robinett actually 
left the intense work environment of Atari at that point for a month-
long vacation.6 What was so taxing about programming the Atari VCS? 
How would a person need a month to recover from this sort of work? 
Programming was, after all, Robinett’s job, and a VCS cartridge usually 
took about six months to complete. What he accomplished at this early 
stage probably sounds rudimentary to modern-day programmers and to 
today’s players.

But adapting the system to allow for a large virtual space was not 
simple at all. To move from screen to screen, the program must track the 
location of the “cursor” and determine whether this location has passed 
beyond one of the edges of the screen. Then, the program must redraw the 
new screen and position the cursor at the opposite end.

This operation is complex, because the VCS display is not divided into 
pixels as a modern raster display is. Instead, the screen is built out of units 
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that correspond to television scan lines. To manage vertical positioning, 
most VCS programs store the starting horizontal location of an object in 
RAM. On each scan line, the program checks to see whether the drawing 
of a sprite should be started or continued. Determining whether an object 
is at the top or bottom of the screen is relatively simple. It is just a matter 
of comparing the object’s scan line position to that of the top or bottom 
boundary of a counter used in drawing the visible display. Because the 
processor can ask the TIA to report when it is about to start a new scan 
line, precise vertical positioning is straightforward.

Precise horizontal position is another matter. There is no simple way 
for the programmer to “poll” the TIA for its current horizontal position; 
the television display doesn’t decompose into logical horizontally divided 
units as simply as it does into vertically divided scan lines. For this reason, 
accomplishing horizontal movement on the VCS requires a different 
technique.

As detailed in the previous chapter, the unit that most resembles a 
pixel on the horizontal axis of a VCS image is called a “color clock.” To 
move objects horizontally, the TIA provides a register for each that allows 
the programmer to move it relative to its last position, left by up to eight 
color clocks or right by up to seven. To execute such a move, the program-
mer strobes a register called HMOVE at the start of a scan line.

The TIA’s eight-bit registers do not overfl ow; adding 1 to 255 yields 
0, adding 2 to 255 yields 1, and so on. (The machine is incapable of throw-
ing an error.) This means that the hardware is set up for horizontal wrap-
around, of the sort seen in Asteroids, a game that also wraps the playing 
fi eld vertically. If an object moves to the right edge of the screen, the piece 
of it that goes off the screen will “naturally” begin to appear on the other 
side. (This is exactly what happens to planes and their missiles in the 
Combat plane games; the only thing preventing the same sort of wrap-
around in the tank games is the solid, rectangular boundary of the play-
fi eld.) Unless the program keeps track of an object’s position in RAM, it 
has no simple way to tell where on the screen the object currently appears. 
To move the Adventure player from screen to screen, then, Robinett used 
an additional routine to keep track of horizontal movement so that it was 
possible to respond to player movement off the left or right of the 
screen.

Robinett’s initial month of prototype development included more 
than just player movement and room changes, but the relative diffi culty 
of simply determining the horizontal position of the player and deciding 
whether a new room had to be drawn reveals a great deal about the VCS 
Adventure’s technical innovation. In Combat, an adaptation and expansion 
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of Tank had been developed jointly with the system and had helped guide 
the hardware design of the Atari VCS in the fi rst place. Adventure required 
the creative adaptation of the machine’s technical features for new, 
unforeseen purposes. Such innovation, while certainly possible, was not 
always easy. The VCS Adventure provides an example of a design vision that 
exceeded the obvious features of the VCS hardware, yet was nevertheless 
eventually realized.

I Am a Ball

In many contemporary games, from World of Warcraft to The Godfather to 
Tony Hawk Pro Skater, players have the option of selecting or customizing 
the character to use during play. Since the release of Ultima IV in 1985, 
game developers and players have called this on-screen persona an 
“avatar,” a term borrowed from the Sanskrit word for incarnation. Avatars 
represent not only the fi xed characters of games like Zelda’s Link or Half-

Life’s Gordon Freeman, but also the more or less confi gurable characters 
of games like World of Warcraft.

The role of the avatar is a dual one. On one hand, this game element 
focuses the player on an aspect of the game’s fi ctional world, whether this 
is World of Warcraft’s magical fantasy or Tony Hawk’s professional skate-
boarding. On the other hand, it allows the player to interpret the character 
based on attributes such as appearance, motivations, and values.

Avatars have a history that precedes video games. In tabletop role-
playing games like Dungeons and Dragons (D&D) and even common board 
games like Monopoly, players create characters or use tokens that embody 
them during gameplay. One way of thinking about videogame avatars is as 
computational adaptations of D&D characters.

The PDP-10 Adventure was inspired by D&D, but also by Crowther’s 
caving expeditions in the Kentucky mountains. In this text-based Adven-

ture, the player moved around and performed actions by typing commands 
at a prompt. The PDP-10 Adventure narrates actions and environments to 
the player in the second person, as a D&D dungeon master might have 
done, saying things such as, “You are in a maze of twisty little passages, all 
alike.” The combination of textual display and second-person narration 
reinforces the user’s dual role, as a game-player solving puzzles and as a 
character in that game, affecting and being affected by its fi ctional 
world.7

In earlier video games, players also took control of an on-screen 
representation: the ship in Spacewar, the paddle in Pong, the tank in Tank.
But all of these games offer predetermined actions for the player. The 
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Spacewar player cannot choose to leave his dogfi ght and go explore a 
neighboring galaxy. In the VCS Adventure, the player’s personal goals 
couple with the game’s rules and fi ction through the graphical avatar.

The Atari VCS provides memory-mapped registers for two player 
sprites. Each one is eight bits wide. The VCS display is not high-resolution 
by any measure, but sprite graphics can be displayed at the highest resolu-
tion that the machine allows. Robinett chose to use the sprites to repre-
sent objects and enemies in the game: a key, a chalice, a sword, a dragon. 
But doing so left no player sprite available to represent the object that is 
actually controlled by the person playing the game.

Robinett decided to use the TIA’s ball graphic for this purpose. Recall 
that the TIA offers registers for fi ve movable objects—two sprites, two 
missiles, and one ball. The Atari VCS was engineered with Pong and Tank 
in mind, and so the TIA’s various object registers are directly named for 
the objects that are used in these games. For example, the programmer 
turns missile and ball graphics on and off by setting or clearing the second 
bit of registers, ENAM0 (ENAble Missile 0), ENAM1 (ENAble Missile 1), 
ENABL (ENAble BaLl). Even though these names are nothing more than 
mnemonic labels—shortcuts that save the programmer the trouble of 
remembering the hexadecimal addresses of the registers—they are written 
into the Stella Programmer’s Guide as the offi cial nomenclature. All known 
VCS assembler programs use these names for code sections that output 
graphics.

There is nothing in the Adventure cartridge or the supporting materi-
als to name the player’s character or object. The manual also never calls 
the object by a distinctive name such as “avatar.” It simply instructs the 
player in the imperative to “move.” Originally, Robinett called this object 
“the man,” but later he referred to the fi gure as a “cursor,” since “its func-
tion, as a position indicator, is similar to the rectangular blinking cursor 
found on word processing screens.”8 A “position indicator” is perhaps an 
appropriate way to understand the avatar. It represents neither the player 
nor a character in the game, but the coupling between the two.

Adventure is one of the fi rst examples of a VCS game in which the sys-
tem’s graphics facilities are reinvented. Robinett fi nds a new use not only 
for the ball, but also for the missile graphics, which draw the thin walls 
that appear in some rooms. As used in Adventure, the ball at least looks 
somewhat like a ball, although it is rectangular, as is standard on the 
system due to the width created by TIA color clocks. The missiles don’t 
resemble projectiles in any way; they just look like barriers that extend 
across the entire height of some screens. Like all VCS graphics, missiles 
can be turned on or off on each scan line (by setting or clearing ENAM0/1). 
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Turning a missile on for the entire screen creates the thin wall we see in 
Adventure. It also prevents the programmer from having to change those 
registers during an entire screen draw, saving precious processing time 
between scan lines.

The repurposing of graphics registers has both technical and expres-
sive consequences. Technical innovations are often understood as the 
creation of new technology—new materials, new chip designs, new algo-
rithms. But technical innovation can also mean using existing technical 
constraints in new ways, something that produces interesting results 
when combined with creative goals. Designing the TIA’s graphics regis-
ters to support games like Pong and Tank represents an interesting aspect 
of how platform development happens; reusing those graphics registers 
for player avatars and castle walls demonstrates a negotiation between the 
platform and the author’s vision of a game.

Handling Items

Using a ball sprite for the player frees up the two sprite registers for other 
things, including enemies and objects. With regard to the items that lit-
tered the landscape, Adventure introduced a new convention for acquiring 
and using objects, one that was specifi c to the graphical setting and that 
remains in use even in today’s 3D virtual spaces.

In text adventures, each action is the result of one or more verbal 
instructions, which the player types in at the prompt: TAKE KEY, DROP 
KEY. Typed input isn’t an option on the Atari VCS, of course, and the 
system’s joysticks each have only a single button. Robinett chose to use 
a collision between the cursor and an item to indicate that the item 
should be picked up. The VCS hardware collision detection provides a 
simple way to implement pick-up. This choice also frees the button to 
be used for something else—namely, dropping things. To use an item, 
the player just causes the held item to intersect with the target item. For 
example, a key collides with a portcullis to open it, a sword with a dragon 
to kill it.

Adapting player-object collision to correspond with TAKE, using the 
button to mean DROP, and having item-item collision stand in for a few 
other verbs depending on context (KILL, OPEN) effectively avoids the 
relatively large linguistic demands of text adventures and recasts them as 
simpler graphical demands. This shift of convention makes Robinett’s 
Adventure much easier to play than the PDP-10 Adventure: fewer com-
mands need to be remembered, and players can quickly learn how to 
operate the game. But this also compresses the possibilities of the game’s 
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fi ctional world. In the textual Adventure, the player must engage in an 
unusual bit of textual banter to kill the dragon: After typing “KILL 
DRAGON,” the clarifying question “With your bare hands?” has to be 
answered “YES.” In the VCS Adventure, you can kill the dragon, but not 
with your with bare hands, and not after a repartee like this.

There were some special touches in the VCS cartridge that were 
appropriate to a graphical game. Although most games of the time (and 
even many of today) register a death or other consequence when the player 
initially touches an enemy, Adventure’s dragon chases the player when the 
latter touches it. Two small touches within a specifi c amount of time are 
required to kill the avatar. Such subtle interaction between cursor and 
dragon notwithstanding, text adventures often focus on riddle and puzzle 
solving, such as navigating a maze or fi guring out the purpose of an item. 
This practice does not carry through in action-adventure games. Instead, 
rapid movement through space becomes the primary mode of play, a 
characteristic of the genre that could also be seen in Robinett’s previous 
game, Slot Racers.

Adventure’s sword offers an example of the curiosity of TIA collision 
detection. The sword appears on the screen as a left-facing arrow. Even 
though the TIA does provide a register to fl ip sprites automatically on 
their horizontal axis, the sword always faces the same way, no matter how 
the player moves. Moreover, the sword itself looks more like an arrow; at 
best, it looks like a sword being held from the tip rather than the hilt. 
Though VCS graphics could be rightly described as “blocky,” Robinett 
actually had far greater resolution to work with than he ended up using for 
the sword sprite. One reason for this decision might relate to the way col-
lision detection functions on the machine.

In today’s games, collision detection is handled in software. A com-
putationally cheap way to accomplish this is with bounding boxes. In this 
method, boxes around each object are determined and each pair is checked 
for intersections. This simple and quick method is nevertheless inaccu-
rate, because an object that does not fi ll its bounding box may register as 
colliding with something when it actually does not.

The VCS hardware collision is performed by the TIA, which checks 
for overlapping logic states on its multiple graphics registers. For this 
reason, only those bits that are turned on in the graphics registers of a 
sprite can register collision. In other words, the parts of a sprite that are 
actually seen are the only ones subject to colliding. Thanks to a relatively 
simple circuit on the TIA, the Atari VCS offers more precise collision 
detection than is done using the standard technique in modern software 
toolkits such as Adobe Flash (see fi gure 3.2).
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There can be a downside to precise collision detection. Unless an 
item’s image strikes precisely against its target, no collision will register, 
even in cases in which one would be desirable. The arrow-like end of the 
sword expands the collision surface of the weapon and also helps the 
player orient an attack in that direction.

The shapes of objects were not the only thing motivated by technical 
intricacies. One object was specifi cally added to work around a problem 
in the system for dropping and picking up object. As Robinett explained, 
“The magnet was created because of a bug. Sometimes the key to a castle 
would get dropped inside a wall and be unable to be picked up, so the 
magnet, which attracted other objects, was a solution to that problem.”9

Getting Lost

Text adventures are characterized by discrete spaces with detailed textual 
explanations to help players remember, understand, and navigate the 
world that the game presents. Because the text adventure describes spaces 

3.2 If Adventure had used bounding box collision detection, as on the left, this 
arrangement of sword and dragon would indicate a collision, because the box enclosing 
the former intersects the latter. Because the VCS hardware implements collision 
detection by overlapping bits, as on the right, there is actually no collision in 
this situation.
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using only text, when those spaces become complex or obfuscated, as in 
the case of Crowther and Woods’s classic mazes, the player is often driven 
to somehow map the space (usually on paper, using an graph-like map or 
an adjacency grid), so it can be understood and navigated. Very clever or 
very spatially oriented players might be able to do this in their heads, but 
more often, players would attempt to draw a map. The early player of 
Crowther and Woods’s Adventure would likely be sitting at a print terminal, 
in which case paper would be easily available; a pencil (used to correct 
programs) might also be already at hand. Drawing maps on paper, as 
people did in some pre-Adventure games such as Hunt the Wumpus, became 
an important part of the process of solving spatial puzzles in early text 
adventures.

The VCS Adventure could not rely on the availability of paper and the 
willingness of players to use it to map locations, but it could manage to 
avoid the complexities and confusions involved in the textual representa-
tion of space in the fi rst place. As Robinett explained his perspective: “A 
maze is a geometric construction in space; the positioning of its walls 
defi nes a maze. Video graphics do an excellent job of capturing the geom-
etry of a maze. By contrast, using sentences to describe a maze is ineffi -
cient and piecemeal.”10

This solution does not demand as much work from the player. Instead 
of requiring paper and pencil, the game maintains coherence between all 
visited spaces by keeping exits and entrances consistent. A player can 
manage to remember that the avatar came from the left and is moving to 
the right.

The obfuscation of space is still a characteristic design element in 
the VCS Adventure. The game’s labyrinths typically cross multiple screens, 
with branches near the edges of the screen. This design makes it harder 
for the player to mentally map the maze in its entirety, creating the 
feeling of being lost. Additionally, a maze of multiple screens allows 
for the symmetrical playfi elds on a single screen to create asymmetrical 
mazes when stitched together. Adventure also includes wormholes that 
move the player into separate sections of its spaces—spaces that don’t 
reconnect with themselves in expected ways. At the start of the game, 
going down, left, and up puts the player at the mouth of the blue laby-
rinth. But moving right from there—which should put the player back 
into a room he passed through on the way—exposes another part of 
the blue labyrinth! Worse, the blue labyrinth also wraps around itself, 
transporting the player from one side to the other as if by magic. This 
use of inconsistent maze geometry (see fi gure 3.3) further confuses the 
player’s sense of location.11 The same effect can be found in the mazes 
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3.3 This map of the world in Adventure makes the game’s spatial inconsistencies clear. 
The screen below the point marked A seems to have only dead ends on the right side, 
but there are actually exits there that wrap around to the opposite side of the screen to 
the left. Likewise, moving to the screen below point B requires a jump across a place 
where the map does not exist. (This image is based on a map by Maurice Molyneaux. 
For an annotated version, see http://www.atarihq.com/2678/adv-map1.gif.)
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in the PDP-10 Adventure, although those are portrayed using word rather 
than image.

Confusing spaces have frequently been seen in action-adventure 
games. The Legend of Zelda took  Adventure’s four-directional maze pattern 
and added a set of movements through the same maze as a symbol for 
fi nding its exit. These “lost woods,” as they are called in the fi rst version 
of that game, trap the player completely until the proper sequence of 
directions (up, left, down, left) is discovered, allowing escape. The tra-
versal of space has become a standard way to require the discovery of a 
particular input sequence, something that had been previously done 
through the subtlety of language.

Another method of spatial confusion introduced in Adventure is 
occlusion. In early text adventures, rooms and caverns are often dark and 
their contents and exits are not visible. The player was typically able to use 
a lamp or some other light source to illuminate these areas, whose con-
tents would then be described with text.

In a text adventure, illumination is usually all or nothing: a room is 
either lit or dark. But this design doesn’t work for a graphical game like 
the VCS Adventure. A dark room would just be a black screen. The text 
adventure always provides a facility for direct input—the text prompt—but 
there would be no obvious graphical analogue in a totally dark room in the 
VCS Adventure.

Robinett managed to implement occlusion using a different method, 
one that would come to be called “the fog of war” in later adventure and 
strategy games. “Fog of war” is a military term that refers to the ambiguity 
and confusion experienced in the theater of war. In games, it usually 
refers to a lack of visual information on a map. Areas that have been 
explored or settled become visible, whereas those that have not remain 
shrouded or entirely black. Board games like Stratego implement a kind 
of fog of war by hiding the identity of opposing units. Tabletop miniature 
games often track the location of units like tanks on a separate record or 
even a separate board.

Variations 2 and 3 of Adventure introduce catacombs, which take the 
form of an orange labyrinth. These catacombs are darkened, and the 
player can only see the maze’s walls within a small distance around him. 
To accomplish the occlusion, Robinett simply made the fl oor and walls the 
same color. The walls in Adventure are drawn, after all, using playfi eld 
graphics. The color for the playfi eld and the background are set by writing 
the same eight-bit color value to each of two registers, COLUPF and 
COLUBK. The ball always takes on the color of the playfi eld, which explains 
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why the cursor matches the walls and why its color changes from screen 
to screen.

To create the “light” that emanates from the player, Adventure uses a 
widened square sprite that is orange. The player is centered inside this 
“box,” and both are moved together. The same TIA register that controls 
playfi eld refl ection or mirroring can also be set to draw the playfi eld 
either underneath the sprite (the default setting) or on top of it (as in 
Combat’s plane variants). In the catacombs, the playfi eld is set to draw 
on top of the sprite, making the area around the player cursor appear to 
glow with light. The effect is sophisticated, but it is implemented in a 
straightforward way. The circle of light is just another carried object, no 
different from a sword or a key. A similar implementation of partial dark-
ness—although one that is more advanced—can be seen in Atari’s 1982 
VCS game Haunted House.

Some video games implement the fog of war as a way to hide knowl-
edge that the player can discover. In Civilization, once a player has 
explored a part of the world’s terrain, that square always remains visible, 
as if the society had entered it into an almanac. Other games implement 
the fog of war as transitory knowledge. In Warcraft, a player must have 
units in a region to be able to see its immediate surroundings. Both of 
these methods have their origins in Adventure’s implementation of the 
fog of war.

The Easter Egg

An Easter egg is a message, trick, or unusual behavior hidden inside a 
computer program by its creator. Easter eggs can be traced back at least 
to the early 1970s, when the TOPS-10 operating system on the PDP-10 
was programmed to respond to the command “make love” with “not 
war?”12 More recent Easter eggs are much more sophisticated. One recent 
version of Microsoft Excel contains a hidden fl ight simulator game, as does 
Google Earth.

Adventure contained the fi rst Easter egg known to appear in any video 
game. The hidden message itself is reasonably simple. Warren Robinett 
signed his game “Created by Warren Robinett” using letters running ver-
tically down the center of the screen (see fi gure 3.4). Accessing the Easter 
egg is less simple. To fi nd it, the player must cross a sealed wall in the 
black castle using the bridge and then pick up a single black “dot” (actually 
a sprite graphic), which must be brought to another wall in the yellow 
castle. The dot grants the avatar entry into the secret room.
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Robinett’s motivations for signing the game have much in common 
with those of other Easter egg creators. Computer software, produced in 
business contexts or otherwise, is often impersonal. Easter eggs lay a 
human touch on such artifacts, reconnecting them with their creators and 
the craft practice of authorship. Adventure’s Easter egg continues this 
tradition.

But the state of Atari in the late 1970s offered a different context for 
Robinett’s Easter egg. Management did not know about this element of 
the game and so, of course, did not approve. Robinett explained in an 
interview: “Each 2600 game was designed entirely by one person. But on 
the package it said basically ‘Adventure, by Atari.’ And we were only 
getting salaries, no cut of the huge profi ts. It was a signature, like at the 
bottom of a painting. But to make it happen, I had to hide my signature in 
the code, in a really obscure place, and not tell anybody. Keeping a secret 
like that is not easy.”13

Robinett expressed in this statement the same sort of gripe that 
would cause David Crane, Larry Kaplan, Alan Miller, and Bob Whitehead 
to quit Atari in 1979 to start the industry’s fi rst third-party developer, 
Activision. Robinett and his colleagues worked long, solitary hours 
without much guidance or supervision—and with no royalties—and Atari 
then made a fortune on their games without giving them credit, publicly 
or internally.

3.4 After a laborious process, the player is rewarded by being able to enter a hidden 
room and read this unauthorized message left by Robinett.
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Today, there are perhaps a handful of game designers whose names 
are well known. Will Wright, Shigeru Miyamoto, Hideo Kojima, and 
Richard Garriott are among them. Far fewer are directly marketed as cre-
ators of their games—Sid Meier and American McGee are the only two 
whose names actually precede titles of their games, in the way that an A-
list fi lm director or a best-selling author might get top billing above a 
work’s title. Readers familiar with the labor controversies of the contem-
porary games industry may imagine that Robinett and others merely 
wanted credit or royalties. But the role of a games programmer in these 
years was far broader than that title suggests.

Once hired, Atari programmers were sent off to make games and were 
essentially told “come back when you’re done.”14 Robinett’s own stories 
of going on vacation for a month fl y in the face of anything resembling 
micromanagement. The game programmer’s job at that time was much 
more like a combination of what we now call the executive producer, the 
designer, the programmer, the artist, and the sound designer. Robinett 
explained:

I believe that Atari in the early days succeeded because the games were 
labors of love by the programmers who worked on them. At least that 
was the case with my games for me. In those old far-off days, each 
game for the 2600 was done entirely by one person, the programmer, 
who conceived the game concept, wrote the program, did the graph-
ics—drawn fi rst on graph paper and converted by hand to hexadeci-
mal—and did the sounds.15

Programmers were responsible in the early days of the Atari VCS for 
every aspect of the game’s production up to the point where it went on the 
cartridge, with packaging, marketing, and sales being taken care of by 
others.16 Activision later acknowledged the programmer’s role by printing 
the creator’s name on the box and cartridge of each game, as discussed in 
chapter 6.

Unlike some pure action games along the lines of Combat, adventure 
games offer good places to hide things, thanks to all the convoluted spaces 
and the techniques discussed previously. Adventure’s Easter egg is more 
than just a gimmick; it follows in the adventure game tradition by reveal-
ing a secret—the secret of the game’s own production.

Atari discovered the Easter egg when a fi fteen-year-old player wrote 
the company a letter about it. But the company never removed it from the 
game. Robinett has remarked that this was, at least in part, because of the 
cost of making a new ROM mask—roughly $10,000 in the early 1980s.17
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The Graphical Turn

Robinett designed Adventure specifi cally to overcome the machine’s lack 
of textual input. Oddly, by the time he fi nally fi nished the game, he had 
also completed another title with a text-based display: BASIC Program-

ming. In 1978, Atari introduced a keyboard peripheral. Despite its name, 
the device was really just a small rectangle of molded plastic with a grid of 
twelve small buttons. Plastic overlays of the type that were later used in 
the Mattel Intellivision helped the user understand the otherwise impen-
etrable combinations of keypresses needed to output simple characters. 
Text entry was not a simple matter of typing, but had a complexity more 
like that of using a chording keyboard or of inputting text on a mobile 
phone.

To simulate the alphanumeric display native to a standard microcom-
puter, Robinett used a twelve-character-per-line alphanumeric display 
routine that VCS virtuoso David Crane had written.18 Though primitive 
compared to the Apple ][, the cartridge made it possible to write and run 
simple programs in BASIC by typing in textual commands, much as players 
type short commands when playing a text adventure game.

Two decades later, amateur developers returned to this display to 
create text adventures of the traditional PDP-10 Adventure style. Greg 
Troutman’s 1998 title Dark Mage lets the player direct a banished jester. 
Adam Thornton’s 2002 version of Lord of the Rings: The Fellowship of the 

Ring repurposes the Dark Mage code to offer a terse text-adventure version 
of the fi rst volume of Tolkien’s famous epic.

Given that the VCS BASIC Programming was developed alongside the 
VCS Adventure, and that the text adventure did not enter mass-market 
public consciousness until the 1980s—after Adventure International’s 
cassette games gained ground and Infocom released Zork commercially—it 
would not really be proper to call the action-adventure genre either an 
evolution or a simple descendent of the text adventure. Although Robi-
nett’s game did have its origins in the original Adventure, it was not infl u-
enced by a substantial tradition of text-based adventures.

The turn away from text and toward graphics started by the VCS  Ad-

venture was partly encouraged by games licensed from fi lms, which began 
to emerge in numbers in the early 1980s, just as Adventure was released. 
During the development of the game, Atari even asked Robinett to shelve 
it and use the design to create a game based on the Superman license, 
which Warner owned. Robinett managed to foist that job off on John 
Dunn, sharing his code to facilitate the other game’s development. Super-

man uses the same room-to-room movement of Adventure but employs a 
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different perspective to let the player look across an urban landscape 
rather than down on an abstract dungeon. Superman has many of the 
incongruous spatial features that are also seen in Adventure. Flying up 
past the skyscrapers and onto the ground of another screen might suggest 
movement across a city rather than over it, but the game was more confus-
ing than effective. Superman also expunged the movie’s social and emo-
tional relationships—and those of the comic books—choosing action 
sequences instead. Games licensed from movies have continued to follow 
this early VCS game in this regard.

The graphical turn in video games has been a bittersweet one. The 
Crowther and Woods  Adventure, Zork, and the interactive fi ction games 
that they fostered enjoyed enormous success during the 1980s, but that 
form was no longer marketable by the beginning of the 1990s. Interactive 
fi ction continues to thrive among communities of writers and players 
without being the mass-market phenomenon it once was.19 And despite 
tremendous advances in the visual fi delity of game hardware and software, 
the interactive engagement of contemporary adventure games has changed 
little since the VCS Adventure set the stage for the genre. Games have 
moved to 3D and programmers have become more concerned with poly-
gons than pixels, but movement and collision detection remain the 
primary building blocks of adventure games, and, indeed, of most video 
games.



For a third-party home videogame developer in the early 1980s, the 
terrain was loaded with treasures, laced with traps, and entirely unknown. 
It was in this context that the upstart company Activision ran ahead to 
develop and market the 1982 cartridge Pitfall! by David Crane. The game 
held the top spot on the Billboard charts for 64 consecutive weeks and 
helped establish more than one videogame genre.

Third-Party Games from Activision

David Crane, Larry Kaplan, Alan Miller, and Bob Whitehead were Atari’s 
star programmers in the late 1970s, although this wasn’t obvious to them 
until a memo was distributed with sales fi gures for VCS games. Crane 
tallied up his titles—they were pretty much his; although Atari packaged 
and sold them, he had done everything on them from concept through 
design to programming and in-game art and sound, as was always in the 
case in those days. Crane found that the cartridges he developed (Outlaw, 
Canyon Bomber, and Slot Machine) had earned more than $20 million for 
the company. As he said, “I was one of the people wondering why I was 
working in complete anonymity for a $20,000 salary.”1 Others began to 
feel the same:

When we looked closely at that memo, we saw that as a group we 
were responsible for 60 percent of their $100 million in cartridge 
sales for a single year,” Crane recalled. “With concrete evidence that 

Pitfall! 6
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our contribution to the company was of great value, we went to the 
president of Atari to ask for a little recognition and fair compensa-
tion. Ray Kassar looked us in the eye and said, ‘You are no more 
important to Atari than the person on the assembly line who puts 
the cartridges in the box.’ After that it was a pretty easy decision to 
leave.”2

Atari was not the same company that it had been under founder Nolan 
Bushnell. Although there had been a change, the idea of radical equality 
Kassar cited in response to Crane’s request—programmer being equal to 
assembly line worker—had a precedent. In the early days, Bushnell main-
tained a policy that no one would be fi red (although they might be denied 
a raise) and ensured that everyone, from executives to assembly line 
workers, had the same health care plan. But with VCS development orga-
nized along a model of the lone programmer who was almost completely, 
individually responsible for a sometimes very lucrative game, it became 
less tenable to claim that the programmer was no more important than 
any other human resource.

Crane and Miller had the good fortune to meet Jim Levy, who was 
already seeking venture capital and working toward starting a software 
business. They joined him to found Activision in 1979. Kaplan and White-
head followed soon after. Levy, who had worked as a recording industry 
executive, was ready to build up the image of programmers and present 
them to the game-buying public as individuals with personalities. Activi-
sion used means that already existed—manuals, boxes, and advertise-
ments—to promote the programmers. At the same time, the company 
created a distinctively non-Atari corporate identity, using only the most 
saturated colors in its games, developing a consistent, distinct style for 
labels and boxes, and including the Activision logo (but not any program-
mers’ names) on every game screen. See fi gure 6.1 for an example of an 
Activision box.

Convincing investors of the value of a venture like Activision was 
not easy, but the most substantial barrier for any third-party VCS pub-
lisher was the proprietary nature of the Atari VCS. Later companies would 
have to reverse-engineer the platform to learn anything about how to 
program it. Activision had the advantage of starting with four ex-Atari 
programmers who were already conversant with the Atari VCS. Atari did 
what it could to dissuade Activision from going into business, which 
included fi ling a lawsuit against the company in 1980 that alleged copy-
right violations and trademark infringement. It was not settled until 
1982, when third-party development of VCS cartridges had become fi rmly 
entrenched.
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6.1 The box art for Atari’s VCS launch title Indy 500, shown on the top left, features an 
intricate, realistic painting of the game’s subject. The game itself is much more abstract, 
as an image of the screen on the bottom left shows. The box art for David Crane’s early 
Activision title Grand Prix, top right, more closely matches the level of abstraction and 
even the aesthetic used in the game itself, as seen on the screen on the bottom right.

From an economic standpoint, Atari took a tremendous hit by losing 
its lock on profi t-making cartridges. But it’s not clear that Activision was 
entirely bad news for Atari. As both Activision and Atari programmers 
have recently suggested, the new source of competition may have ended 
up goading Atari programmers to develop better games.3

Development Practices

Today, video games are usually created by large teams working for many 
years on a single project. The largest games require teams of several 



[102]

hundred people. These teams are divided into strict roles: programmer, 
artist, voice actor, designer, producer. In the heyday of the Atari VCS, a 
single programmer would create an entire game. Until Imagic broke the 
mold by having artist Michael Becker create the in-game graphics for 
its 1982 Demon Attack, an “artist” working in game development was 
the person who illustrated the box art or designed the game’s printed 
manual.4

One might imagine that VCS games were created by one individual 
just because they were simple. But as the previous chapters suggest, the 
machine was anything but simple to program. In the early days of the Atari 
VCS, though, software engineering for microcomputers and videogame 
consoles was not nearly as industrialized a practice as it is now. Commer-
cial software was usually developed by individuals or small groups. For 
example, in 1981, Microsoft bought exclusive rights to its fi rst Disk 
Operating System (DOS) from an individual coder and then licensed it 
to IBM.5

Although it is possible for VCS programmers to share code, cartridge 
development for the system is not amenable to the engineering of indi-
vidual titles by large teams. Even though programmers learned each 
other’s techniques (both by directly talking to one another and by reverse-
engineering what others had done), their work did not divide into neatly 
reusable subroutines. This does not mean that VCS programs were under-
engineered or poorly written—the precise timing required just to get the 
screen to draw wouldn’t allow for much sloppiness in coding. But the 
constraints of ROM and RAM usage, cycle timing, and logic timing often 
demanded unusual and unintuitive shortcuts.

For example, in the early days of Activision, programmers would 
push up against various boundaries. They would often run out of ROM 
space. Most 6502 assembly instructions are two bytes: one for the 
opcode and one for the operand. Saving space on ROM requires con-
solidating code—usually removing one line for every two bytes of space 
reclaimed.

Assembler programs are composed of elementary instructions, 
not of higher-order functions. For example, the following assembly 
language instructions load a value from the top of RAM, add the value 8 
to it, and store the result in the TIA register that sets the background 
color:

LDA $80
ADC #$08
STA COLUBK
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Each of the opcodes (LDA, ADC, and STA, in this case) are mnemonic 
shortcuts for one-byte hexadecimal values that tell the processor what 
operation to execute. The opcode LDA, for instance, loads a value into the 
processor’s accumulator, a special register in which it can perform math-
ematical operations. When assembled into machine code, the opcode 
mnemonic “LDA” becomes the hexadecimal value A9. Here is what the 
three example lines look like in machine code:

A9 80 69 08 85 09

ROM frugality often required clever rearrangements of assembler 
code, which sometimes made the resulting source fi les appear to 
be puzzles encrypting their content rather than roadmaps elucidat-
ing it.

Consider a characteristic example. In an attempt to recover ROM 
space, Bob Whitehead moved one of his subroutines so that it ended just 
before a block of sprite data. The TIA’s sprite registers hold only a single 
byte of data at a time, which the program changes each on scan line. In 
this case, the fi rst line of the sprite data was the hexadecimal value $60, 
which also happens to be the machine reference for the opcode RTS 
(return from subroutine). In this code, then, the value $60 serves two 
purposes, as the opcode RTS when it is encountered in program fl ow and 
as the value $60 (binary %01100000) when it is read as data. As with the 
rendering of the Yars’ Revenge neutral zone, this is an example of the use 
of the contents of ROM—only a single byte, in this case—as both code and 
data.

Examples like this one show the subtlety of trade-offs sometimes 
necessary to make a VCS cartridge producible. Particular compromises 
would include the removal of features from the game. But in this case, the 
visual design of an on-screen object was subject to an aesthetically un-
related happenstance, the accident of a processor instruction used for 
program fl ow control.

By the early 1980s, VCS development was still largely the same, 
although some changes were brewing. At Atari and Imagic, the fi rst artist-
programmer teams were created, allowing artists to focus on sprite and 
screen visuals. Almost all of Activision’s founders were successful VCS 
programmers with a refi ned technical knowledge of the machine as well 
as an intimate understanding of the commercial viability of their talents. 
Instead of isolating its developers in backrooms as Atari had done, Activi-
sion created “design centers”: small, close-knit teams of four to fi ve 
people working together. Activision’s original four formed the Pasadena 
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Design Center. The company later added the East Coast Design Center 
and the Boston Design Center.

The work environment was more atelier than software shop. Develop-
ers worked together in large rooms, occasionally turning to each other to 
discuss design or programming techniques. David Crane told the story of 
one such discussion: Carol Shaw was hard at work on River Raid, which 
would become an infl uential vertical scrolling shooter. In the game, the 
player has to maintain the plane’s fuel supply, fl ying it over canisters in 
the river. There is a detailed fuel gauge at the bottom of the screen, but 
Shaw wanted to include audio feedback as well. She was programming 
alongside several other Activision developers, and she asked for advice on 
an appropriate klaxon-style sound to warn the player when the fuel level 
became dangerously low. According to Crane, he rolled back in his chair, 
looked up in thought for a moment, and recited a few lines of assembly 
code that created the effect perfectly.6

Activision particularly encouraged peer review, the sharing of proto-
types, and even critiques of games in progress. These interactions resulted 
in a major change to Pitfall! in the fi nal week of development. Just before 
the game was to be released, the version that was running offered the 
player only one life for the whole game, not the three that were provided 
in the fi nal cartridge. In typical Crane fashion, he imagined that giving 
the player one life for the whole game would offer the ultimate challenge. 
“Thankfully,” Crane explained, “my buddies practically tied me to my 
chair until I put in extra lives and I’m glad they did.”7

Design Philosophies and Styles

By the early 1980s, VCS programmers had moved well beyond the obvious 
capabilities of the machine. Groundbreaking arcade games including 
Space Invaders, Pac-Man, and Donkey Kong had come out, putting pressure 
on VCS development. Pong and Tank were no longer kings. VCS developers 
had also grown more fl uent in the platform, and they began to push it in 
new ways with their growing expertise. The change was remarked upon at 
the time, for instance, in a guide to home video games: “The graphics of 
the Atari [VCS] games have undergone a metamorphosis. Earlier car-
tridges produced in the late 1970s refl ect more limited computer capacity 
and programming expertise. Atari graphics have recently become more 
impressive.”8

At Activision, noticeably different design philosophies began to 
develop. For example, Steve Cartwright, the programmer of Barnstorming 
and Frostbite, favored iteration and refi nement. In his job interview at 
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Activision, Cartwright suggested a possible variant to Bob Whitehead’s 
popular Skiing cartridge.9 If the skier were changed to a kayaker, he sur-
mised, the interaction could remain largely the same, but would allow for 
adjustments to the setting and refi nements in the character’s behavior. 
This sort of technique would later come to be known as skinning. Today, 
the term has a negative connotation, suggesting commercial exploitation 
without fundamental innovation. But Cartwright’s design philosophy was 
not without its positive qualities. It involved the slow refi nement of basic 
ideas toward perfection.

Cartwright’s fi rst Activision game was Barnstorming, released in 
1981.10 In it, the player to navigates a biplane through barns while avoiding 
obstacles. The player controls the plane with the joystick, which is seen 
from the side. In 1982, Cartwright created Seaquest, a submarine combat 
game. The player controls a vessel once more, this time in water, and this 
time avoiding, collecting, or destroying various objects at different levels 
of depth. Frostbite, Cartwright’s next game, was released in 1983 and is 
similar as well. The player moves the character Frostbite Bailey across a 
freezing river, taking care to land only on ice fl oes that move from side to 
side. As the player changes the colors of these fl oes, a block of an igloo 
appears on the icy bank at the top of the screen. Frostbite is a very different 
game from Barnstorming, but it retains core behaviors from its predeces-
sors: a player object moves up and down into “lanes” on the screen, avoid-
ing or collecting objects. All of these games clearly take advantage of the 
line-by-line nature of VCS graphics. As in Air-Sea Battle and Freeway, 
nonplayer objects are constrained to specifi c horizontal patches of the 
screen, so that the sprite graphics registers can be reset at different 
vertical locations and more than two simultaneous objects can appear 
on-screen.

David Crane’s design philosophy was quite different from Cart-
wright’s. Crane saw Atari VCS development less as a refi nement of the 
gameplay in known interaction models and more as a challenge to make 
the highly constrained VCS hardware do new and exciting things. In 
Crane’s words, “I got more enjoyment out of discovering a new trick than 
from the game design itself. More often than not, I used this technique to 
lead me in a new direction of game design, and some of the tricks were to 
me as much an accomplishment as solving the Rubik’s Cube the fi rst 
time.”11

Freeway, which Crane developed in 1981, offered an improvement 
on the techniques of same-screen sprite register rewrites (which Larry 
Kaplan had fi rst used in Air-Sea Battle) and multicolored sprites (fi rst used 
in the 1978 Superman) accomplished by changing both the sprite color 
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(COLUP0/COLUP1) and graphics (GRP0/GRP1) values between scan 
lines. Although neither technique was new, the two were combined in 
Freeway in a synthetic way, causing many more objects to appear in mul-
tiple colors. In the game, each player controls a chicken, which can move 
up and down across a ten-lane highway. The top and bottom lines of each 
row of cars appear black to indicate the tires. The rest of the car is drawn 
in a single, solid color, with blank areas forming the window glass. The 
effect is extremely simple, yet disarmingly effective. The tank sprites in 
Combat and the car sprites in Indy 500 certainly resemble the objects they 
are supposed to indicate, but the addition of black tires and windscreens 
makes Freeway’s vehicles feel more like cars and less like icons of cars. 
Additional background detail, including lane dividers drawn with play-
fi eld graphics, also work to create a realistic sense of the location.

Grand Prix, a side-scrolling racing game that Crane created in 1982, 
is another interesting case. There had been previous racing games for the 
system, including the 1977 launch title Indy 500 and Robinett’s Slot Racers, 
but these games had tracks that appeared on single screens. Grand Prix 
scrolls from right to left and includes computer-controlled cars that the 
player must avoid. To accomplish this, Crane had to fi nd a way to draw cars 
entering and exiting the screen on either side. In a modern buffered 
graphics system, this is a rudimentary problem: the programmer simply 
positions a bitmap graphic so that it crosses the edge of the screen. But 
the TIA automatically wraps sprite graphics from right to left. Positioning 
a competitor car at one edge of the track would make a portion of the 
sprite, which should not be displayed, appear on the other edge. Crane 
could have scrolled the game vertically, but this was not as suitable for 
drawing large, realistic-looking, multicolored vehicles.

Changing the color of a sprite between horizontal lines, as in Freeway, 
is relatively easy. But changing colors from color clock to color clock 
across the screen is more or less impossible. Loading a color value from 
ROM and storing it in one of the sprite graphics registers requires a 
minimum of six processor cycles, while the TIA traces three color clocks 
for every single cycle of the processor. In the time it takes to load and store 
a single color value, the TIA will have drawn an area nine “pixels” in 
length.

To accommodate richly colored cars that don’t wrap around the 
screen, Crane had to keep track of the competitor car positions relative to 
the edges. If a car needed to hang off either side, instead of drawing the 
whole sprite, Crane drew only the portion of the car necessary to reach the 
edge of the screen. Of course, this also meant that separate sprite graph-
ics, one for each possible horizontal slice of the vehicle, had to be stored 
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in ROM—doing computation to crop sprites on the fl y was not practical. 
More than just a little geekery motivated Crane’s design philosophy; it was 
partly driven by a desire to master the machine and show up his col-
leagues. Crane explains in a 1983 interview in TWA Ambassador magazine, 
“It was unthinkable before that to make a car the shape and color of those 
in Grand Prix. At the time I was doing Grand Prix, people were telling me 
there was no way to pack that much information into the limited amount 
of memory space we had available. So I did. So there!”12

Crane’s games also drew largely on his own experiences or interests 
rather than licensed properties or previous designs. In the case of Freeway, 
Crane had seen a man trying to run across Chicago’s Lake Shore Drive 
during rush hour, and it occurred to him that the challenge would be 
particularly appropriate for the Atari VCS—running across a freeway 
brings a whole new meaning to collision detection. An early prototype of 
Freeway features little men instead of chickens.13 In this version, contact 
with a car results in a shimmering puddle of blood on the road. Refl ecting 
on creatures that cross the road—and perhaps recalling the Death Race 

controversy, described in the next chapter—Crane changed the man to a 
chicken. In the version of Freeway that fi nally shipped, collisions push 
the chickens back two lanes rather than crushing them.

Pitfall! Crosses the Road

Pitfall! is an important early platformer and a predecessor to the side 
scroller, a form of video game that was made famous by Super Mario Bros. 
In this form, the “man” is seen from the side and typically moves from 
left to right as the background and structures continuously appear on the 
right and disappear on the left. Pitfall! is a platformer, but not a true 
scroller. Because a new screen appears when the character is moved to the 
edge of the screen, the cartridge is more of a “pager,” like Adventure. But 
unlike Adventure, Pitfall! is a “side pager,” with a perspective that catches 
the avatar in profi le rather than above. In this regard, it is more similar 
to Superman. With its side view, the ability of Pitfall Harry to jump, swing, 
and climb and fall between different levels, and with the need to drive this 
character horizontally toward treasures, Pitfall! was an exciting early spec-
imen of the genre and managed to do a great deal without smoothly 
scrolling.

A man crossing the highway inspired Freeway, but Pitfall! arose from 
a combination of multiple infl uences, both technical and cultural. It 
started with the challenge of creating realistically animating graphics 
on the Atari VCS. The sprites in early games were static—one graphic 
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comprises Combat’s planes, Slot Racers’ cars, even Superman’s multi-
colored human characters. Crane had already experimented with simple 
animation to great effect in Grand Prix, giving the cars wheels with tire 
treads that spin at different rates depending on the car’s speed. But he 
had previously sketched out an idea for a realistically moving man. This 
became the basis for Pitfall Harry.

Because of the limitations of RAM, ROM, and processor cycles that 
were inherent to VCS programming, graphics like sprites were not con-
sidered external assets that could be dropped into a game. VCS program-
mers used quad-ruled paper to sketch out designs for sprites, considering 
not only the eight-bit-wide patterns needed to render a subject convinc-
ingly, but also how to design without changing sprite colors during a scan 
line and while accounting for the total size of a set of sprites in ROM. In 
some cases, the possible locations of a sprite on-screen would dictate 
whether color changes were possible—for example, there might not be 
enough time to change sprite color and graphics values in addition to 
playfi eld graphics.

Another issue was the legibility of sprite graphics on-screen. 
The eight-bit width of VCS sprites doesn’t provide a lot of room for 
detail, and some objects or creatures prove very diffi cult to render in 
such low resolution. Crane explained, “Early in my career at Atari, 
I designed a Slot Machine game. When I tried to draw traditional slot 
machine symbols—cherries, lemons, oranges, etc.—it became clear that 
there was no way to render those objects in 8 monochrome pixels. So I 
used cactus, cars and other angular objects that were easily recognizable 
when drawn with pixels.”14 The choice of the scorpion and cobra obstacles 
in Pitfall! evolved from a similar process, motivated more by how convinc-
ingly these opponents could be rendered than by any prior interest in 
those creatures.

Crane worked on the “little running man” animation for several 
months, refi ning its appearance and behavior.15 He walked deliberately 
around the offi ce, trying to record his own leg and arm positions and to 
translate those movements to pixel paper. However, Crane didn’t do any-
thing with the little running man right away. Each time he fi nished a 
project, he would bring out the designs and think about a game that might 
make good use of it. Finally in 1982, a plan came together:

I sat down with a blank sheet of paper and drew a stick fi gure man in 
the center. I said, “OK, I have a little running man.  .  .  .  Let’s put him 
on a path” (two more lines drawn on the paper). “Where is the 
path?  .  .  .  Let’s put it in a jungle” (draw some trees). “Why is he 
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running?  .  .  .  (draw treasures to collect, enemies to avoid, etc.) And 
Pitfall! was born. This entire process took about 10 minutes. About 
1000 hours of programming later the game was complete.16

The inspiration for Pitfall! wasn’t the side-scrolling jungle adventure, 
but rather the running man. The adventure just gave him a reason to 
run.

Cultural Inspiration

Today, highly detailed videogame characters with complex backstories 
are common. Miyamoto’s Jumpman (who later became Mario) and 
Iwatani’s Pac-Man had become cultural icons before Pitfall! was released. 
But Pitfall Harry was the fi rst popular videogame character born on a 
home console system. He eventually spawned numerous sequels, licensed 
products, and even a television cartoon. The little running man was 
partly responsible, but cultural references also helped fully furnish the 
game’s fi ctional world.

The fi lm Raiders of the Lost Ark was released in 1981. Crane acknowl-
edges that the movie inspired the idea for an adventure in the jungle. But 
apart from that particular kind of wilderness setting and a guy who runs, 
little about his game resembles Raiders. (Howard Scott Warshaw’s offi cial 
Atari VCS Raiders of the Lost Ark cartridge takes considerable license with 
the fi lm’s character and the plot, but nevertheless has many more iden-
tifi able elements that can be read as related to the fi lm.) Beyond the cin-
ematic adventure of Indiana Jones, there were two important inspirations 
that contributed to Crane’s design.

The fi rst explains Pitfall Harry’s ability to swing on a vine. This idea, 
of course, comes from Tarzan, the original vine-swinger, who was created 
by Edgar Rice Burroughs in 1912.17 Tarzan also inspired Taito’s 1982 arcade 
game Jungle Hunt, although that game was developed independently of 
Pitfall!, with neither developer knowing about the other project.18 Perhaps 
jungle fever was in the air in that year.

The second explains the crocodiles in some of the Pitfall! ponds. From 
the 1940s through the mid-1960s, Paul Terry’s Terrytoons studio, best 
known for the character Mighty Mouse, released a theatrical cartoon 
series featuring two magpies named Heckle and Jeckle. The cartoons fea-
tured typical amusing pranks, in which the two birds calmly outwitted a 
variety of foes. In one sequence, the two ran across the heads of croco-
diles, deftly escaping their snapping jaws. Crane, who was born in the 
mid-1950s, remembered seeing the cartoons as a child. He speculated 
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that this idea would make an interesting mechanic in an adventure 
game.19

The result was interesting indeed, partly thanks to how it made the 
Heckle and Jeckle maneuver interactive. To the amateur player of Pitfall!, 
the screens with crocodile-fi lled ponds prove quite diffi cult. It is possible 
to stand on the heads of the crocs only while their mouths are open, and 
a misstep lands Pitfall Harry in the water. As the player becomes more 
experienced, the player works up enough skill to jump quickly and deftly 
over the crocodiles, just like Heckle and Jeckle.

Jungle Generation

Part of the success of Pitfall! can certainly be attributed to its clean, clever 
amalgamation of popular culture icons. But the game’s primary technical 
innovation is the size and complexity of the jungle environment.

Adventure boasted the fi rst multiscreen graphical world in a game, an 
innovation that inspired Pitfall! and later action-adventure games. But 
Adventure’s castles and labyrinths were the same every time—they were 
hard-coded into the cartridge’s ROM. Even in 1982, multiscreen VCS 
environments like the mansion in Haunted House or the caverns in Raiders 

of the Lost Ark were hand-designed and loaded from ROM. These environ-
ments may have seemed infi nitely larger than the crude one-screen 
worlds of Combat, but they were small compared to the jungle in Pitfall! 
Adventure offered thirty different screens to explore. Pitfall! had 255.

Pitfall!, like Adventure, was burned on a 4K ROM. Crane’s game 
required considerably more room just for storing graphics, though. Each 
of the sprites in Pitfall!—Harry, the cobra, the scorpion, the log, the croco-
dile, the various treasures, and so forth—have multiple animation frames, 
as well as color values for each display line. There is also data for the timer 
counter and the ubiquitous Activision logo at screen bottom. Yet the envi-
ronment is considerably more detailed and expansive than that of Adven-

ture in both total size and detail. Even accounting for the space used for 
Robinett’s Easter egg, Pitfall! had to be highly compressed to fi t in the 
same 4K that Adventure used.

Crane’s solution to the puzzle of ROM mapping a large world with 
little ROM was to not store the world in ROM at all. Instead, the world is 
generated, consistently, by code.

Generated environments are common in games as far back as 
dungeon-crawlers like Rogue. But typically, after an environment is gen-
erated, it has to be stored in memory for use during play. For example, a 
new game of SimCity starts with a process of terraforming, in which the 
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land, seas, mountains, forests, and rivers are created. In order for the 
player to be able to build a city atop it, the terrain data must then be saved 
somewhere, either on disk or in RAM. The Atari VCS has no disk storage, 
of course, and its paltry 128 bytes of RAM often provides barely enough 
room to manipulate the state of the game. (At any rate, even using all 128 
bytes for storing the world would have provided only four bits of storage 
per screen in Pitfall!, which couldn’t have suffi ced.) There was not enough 
room in ROM or in RAM to store and manipulate the many screens of the 
Pitfall! jungle. Crane found another method of mapping this game’s cir-
cular path, which was 255 screens in circumference.

The fi nished program uses an algorithm to generate each screen 
based on a screen defi nition. At the heart of this algorithm is a polynomial 
counter, a type of binary counter that increments in a pseudorandom 
sequence. Polynomial counters are frequently used in pseudorandom 
number generators; they work by counting in a specifi c but unusual order, 
for instance, (0, 6, 4, 6, 5, 3  .  .  .) instead of (0, 1, 2, 3, 4, 5, 6  .  .  .).

VCS programmers commonly used polynomial counters to create 
randomness in games—for example, to mix up the starting state of the 
pieces of the urn in Haunted House. But for the Pitfall! screens, Crane did 
not want random generation. Otherwise, the player would get a different 
screen if he moved Pitfall Harry off the left edge of a screen and then back 
again, making it impossible to mentally map the game world. For the 
screen defi nitions, Crane made a special counter that could be run either 
forward or backward. One version of the algorithm returned the next 
number in sequence; another returned the previous number. If Pitfall 
Harry runs off the right edge of the screen, the kernel uses the counter to 
get the next number in the sequence. If he runs back off the left edge, it 
gets the previous number.

On its own, an eight-bit number is still not adequate to render the 
many variations of an entire Pitfall! screen, which is composed of a par-
ticular jungle background (there are three different tree patterns, for 
variety), a scene pattern (holes, pits, crocodiles, and so on), the type of 
objects on the ground (logs, fi re, treasure, and so on), and the position of 
the wall underground. The eight bits of each number in the counter 
sequence are used to defi ne the settings for the screen:

bit 7: Underground pattern

bits 6–7: Tree patterns

bits 3–5: Ground pattern

bits 0–2: Object pattern
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As stated here, the high bit of the scene description is actually used twice: 
once for the underground pattern (the location of the wall, if applicable), 
and once for the tree pattern, which needs two bits to count to three.

Because each number is guaranteed to remain consistent as the player 
moves back and forth through the world, each screen appears to be the 
same each time the player visits it. As every detail of the screen is based 
on that one number, the entire world can be computed algorithmically 
with very little memory. All told, the defi nition of the entire 255-screen 
jungle occupies less than 50 bytes of ROM.

Adventuring at Home

Because the Atari VCS offers so little processing time between frames, 
many cartridges use fi xed patterns to defi ne game levels. This is true for 
the wall patterns in Combat’s variations, the rooms in Adventure, the pat-
terns of cars in Grand Prix, and many others. After time, players can begin 
to remember the patterns for these games and can greatly improve their 
performance. In one extreme example, David Crane described a marathon 
session of Grand Prix at the Consumer Electronics Show (CES) hospitality 
suite, in which he and others played all day trying to achieve the perfect 
game.20

But 255 screens of jungle adventure are much harder to memorize 
than are a couple minutes of auto racing. Before Pitfall!, most VCS game 
sessions were quite short. In the case of head-to-head games like Combat 
or Boxing, a session lasts only a few minutes. This is not surprising, given 
the fact that most early VCS cartridges were ports of arcade games, which 
offer short games so that players are compelled to drop another quarter 
in the coin slot.

Robinett’s Adventure adapted the cave crawling text adventure, a genre 
with a play context very different from the tavern or arcade. The player of 
Crowther and Woods’s Adventure would have sat at a terminal, probably in 
a nearly empty lab, where it would be possible to play for a while. Sessions 
of VCS adventure games like Adventure and Superman might not last much 
longer than arcade play would, though. Adventure’s easiest variant can be 
completed in less than two minutes, even by an inexperienced player.

Pitfall! offers a much longer game. A clock at the top of the screen 
counts down for twenty minutes. Before this time elapses, the player must 
fi nd thirty-two treasures (eight each of money bag, gold bar, silver bar, 
diamond ring) within this time, while also avoiding logs and pits that 
reduce the score. Even when compared to Activision’s previous games, 
Pitfall! was particularly well suited to the living room or den. In the arcade 
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or the tavern, there is a social reason to limit gameplay, in addition to the 
fi nancial incentive to increase coin-drop. But the living room invites 
people to consume media in much longer segments, such as the thirty-
minute television show. The twenty-minute single-player session was an 
innovation, one that helped establish the experience of home console 
play. Pitfall! represents a moment when arcade play gave way to a different 
form of home console play.

The size and variation of the jungle contributes to the sophistication 
of Pitfall!, but so do other details in gameplay and presentation. Before 
Pitfall!, most VCS games offered one or two actions for the player—typi-
cally the options to move and shoot that can be seen in Combat. Even later, 
more visually striking titles like Star Wars: The Empire Strikes Back do 
essentially the same. The conventions of moving and shooting descend 
partly from arcade play, and they are certainly reinforced by the VCS con-
troller, with its joystick and its single red button.

Pitfall! uses the same joystick controller, of course, with a button 
press making Pitfall Harry jump rather than fi re. But in Pitfall!, moving 
and jumping allow several different modes of play, each requiring differ-
ent skills. On one screen, the player has to run across an empty fi eld, 
jumping over rolling logs. On the next, he must jump over holes to avoid 
falling underground. On another screen, he must jump and swing on a 
liana (a vine) over a pond, and on another, he must time his run to avoid 
waxing and waning quicksand, or to jump across crocodiles.

The game supports more than one action at different times, and 
sometimes demands more than one at about the same time—preparing to 
swing across a liana while avoiding rolling logs, for example. Taking the 
underground passages allows Pitfall Harry to move past three screens 
instead of one. Given the time constraints, it is impossible to collect all 
thirty-two treasures without using the passages, although using them sub-
jects the player to the scorpion, and special care is required to vault over 
this opponent. As the Pitfall! manual summarizes, “You cannot excel at 
Pitfall! without acquiring a variety of skills.” A variety of skills drawn from 
a very small number of possible actions (run, jump) characterizes the 
platformer genre, which Pitfall! helped establish. The Activision game 
built on previous arcade titles like Donkey Kong and looked ahead to side-
scrolling, jumping adventures like Super Mario Bros.

The title also anticipated other, even later work. Although no one 
would call the game an “open-world game” in the style of The Legend of 

Zelda or Grand Theft Auto, there are gestures toward this type of experi-
ence in the way that Pitfall! builds on the graphical adventure conventions 
of Robinett’s Adventure. Pitfall! features a large world that cannot be 
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contemplated all at once. It offers a variety of actions built from a few 
core possibilities, each of which provides a unique experience and 
demands a different skill. And fi nally, it gives the player choices—even 
if limited ones—about where to go and what route to take to get there.

Attention to Detail

The Pitfall! jungle features multiple areas on each screen, making the 
game’s kernel much more complex than earlier games, even though the 
overall program could not be larger. The routine that draws the screen 
closely matches Crane’s original visualization of a setting for his little 
running man. Like many Activision games, Pitfall! creates a detailed on-
screen image by splitting the screen up into horizontal sections. First the 
kernel draws the score and timer. Next come the trees and branches. Then 
it draws the top of the liana, then the liana and Pitfall Harry, then the 
ground, the pits, next the ladder and underground area, and fi nally the 
Activision logo and copyright.

Within each of these sections, Crane makes deft use of graphics 
drawing techniques that had become second nature by this time; namely, 
using the TIA graphics registers for visual elements different from their 
intended purposes and reusing those registers multiple times down the 
screen (see fi gure 6.2). For example, the leaves are drawn with a mirrored 
playfi eld, as are the tree trunks, but the more detailed branch segments 
where the trunks meet the leaves are rendered using sprite graphics, care-
fully positioned to match the location of the trunks and wide-doubled 
using the number-size registers. The liana is rendered with the ball 
graphic, which is moved slightly between each scan line to make it 
swing.

Those at Activision prided themselves on their richly colored, graphi-
cally sophisticated games, and players certainly noticed the difference. 
However, understanding the function of the TIA helps us appreciate the 
true attention to detail in a game like Pitfall! One such detail can be found 
in all Activision titles. Close inspection of the sides of a Pitfall! screen 
reveals a black bar at the left edge, but not at the right. The reason for this 
bar is partly aesthetic, partly technical.

To move a sprite, missile, or ball, the program must strobe the hori-
zontal move (HMOVE) register after setting the horizontal position offset 
for the desired objects in their corresponding horizontal motion registers 
(HMP0/1, HMM0/1, HMBL). Once HMOVE is strobed (which is accom-
plished by writing any value to the register), the TIA executes the motion 
changes. However, to complete this process, the TIA requires that HMOVE 
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take place immediately after a scan line synchronization (WSYNC), so that 
the TIA has enough time to update the horizontal locations of the objects 
before starting to draw the next line. As a result, doing additional process-
ing between lines (which is almost always necessary) results in a short 
black bar on the left edge of the screen. In the photograph of the screen 
from Star Wars: The Empire Strikes Back (see jacket fl ap), black bars of this 
sort can be clearly seen.

The Activision designers thought this unintentional graphical effect 
was truly hideous, and they resolved never to have it appear in any of their 
games.21 Because games like Pitfall! make liberal use of horizontal object 
motion in order to reuse different graphical elements for different pur-
poses, it was necessary to strobe HMOVE. But to avoid an unsightly pattern 
of black bars, they strobed HMOVE on every line, ensuring that a black 
border would run continuously down the screen. In an emulator running 
on a modern computer, black bars caused by strobing HMOVE particu-
larly stand out. CRT televisions of the early 1980s usually had casings that 
covered up the edges of the tube, however, so what was considered 
unsightly at Activision was even less noticeable, and the programming 
discipline at that company is even more remarkable.

6.2 The distinct horizontal sections of a Pitfall! screen from the programmer’s 
perspective. Pitfall! uses the TIA’s graphics registers in ways that were not originally 
intended, as many games did around this time. In this image, areas drawn with playfi eld 
graphics are shaded in black. The branch details between the trunk and canopy are 
drawn with sprite graphics, as can be seen more easily in the inset detail.
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Another graphical detail can be seen in the area where the liana 
attaches to the jungle canopy. There is a thin horizontal section of the 
screen at the bottom of the leaves where branches, liana, and leaves all 
need to be drawn on the same lines. The TIA offers only one register to 
set the color for both the playfi eld and the ball, so those two elements 
always render in the same color when drawn on the same scan line. For 
this reason, the top of the liana (drawn with the ball graphic) takes the 
green color of the leaves (drawn with playfi eld graphics). However, far 
from detracting from the credibility of the vine, the green-topped liana 
gives the impression of new growth at the jungle canopy. It doesn’t seem 
to be an artifact of graphical sloppiness.

Activision’s peer critique improved player experience, but it also 
could impose a considerable burden on programmers. By the time Crane 
had been persuaded to add additional lives to Pitfall!, the game was oth-
erwise ready for release. He had already gone far beyond the 4K ROM 
limit, and back within it, many times, and had by his estimation spent 
“hundreds of hours” making the code smaller:

Now I had to add a display to show your number of lives remaining, 
and I had to bring in a new character when a new life was used. The 
latter was easy. Pitfall Harry already knew how to fall, and how to stop 
when he hit the ground. So I dropped him from behind the tree cover 
down to the path. For the “Lives” indicator I added vertical tally marks 
to the timer display. That probably only cost 24 bytes, and with another 
20 hours of “scrunching” the code I could fi t that in.22

Creativity and Control

Two years after Activision’s gang of four broke off from Atari, fi ve other 
Atari programmers followed suit. Rob Fulop, Mark Bradley, Bill Grubb, 
Denis Koble, and Bob Smith teamed up with Jim Goldberger and Brian 
Dougherty from Mattel to found Imagic in 1981. By 1980, the program-
mers who were to found Imagic couldn’t have been able to ignore Activi-
sion’s early successes, which included Dragster, Boxing, Fishing Derby, and 
Checkers. Like Activision, Imagic established its own unique aesthetics, 
both in its games and its packaging. In addition to successful VCS titles 
like Atlantis and Cosmic Ark, Imagic started making its games for both 
the Atari VCS and the Intellivision, further distancing the concept of 
the third-party developer from any particular platform-making company. 
As the third-party marketplace grew, the studios made attempts not only 
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to differentiate their styles from those of Atari but also to differentiate 
them from one another.

One way that Activision addressed the VCS platform was by revisiting 
the different controllers available for it. Atari had shipped the console 
with both joystick and paddle controllers, but the latter quickly fell into 
disuse as arcade ports beyond Pong and Breakout became central to the 
system. The Activision cartridge Kaboom! made use of the paddle, allowing 
VCS owners to haul out this almost-forgotten controller.

Activision also experimented with more unusual ways to interact with 
the console. Steve Kitchen’s Space Shuttle: A Journey into Space was a fl ight 
simulator for the spacecraft. The game used the joystick, and also used the 
console switches for gameplay rather than basic setup. The color/black-
and-white and left diffi culty switches became engine controls, the right 
diffi culty became cargo door and landing gear levers, and the game select 
and reset switches were used for launch status controls. The game came 
with printed overlays (fi gure 6.3) to indicate these various functions.

Innovation in the use of VCS controllers certainly continued after the 
release of Pitfall!, as did the development of third-party games. Activision 
and Imagic were only the tip of the iceberg. And, with that metaphor in 
mind, it must be admitted that the enormous mass of third-party titles 
may have eventually played iceberg to the videogame industry’s Titanic. 
In the months before the crash, though, Atari, Activision, Imagic, and 
others kept pushing the Atari VCS to do more, and the movies even 
claimed a beachhead in video gaming, occupying the silicon of Atari’s 
leading home system.

6.3 These paper overlays for Space Shuttle are intended to be placed on the Atari VCS 
console itself. They have cutouts for the VCS switches. Both of these overlays were 
provided with the cartridge so that the game could be played with either a six-switch 
console or a four-switch console. The creases in the center of the overlays are from 
where they were folded to fi t in the box.



We discuss the technologies used in the Atari VCS in detail throughout the book. 
Our main source for information about the way the Atari VCS hardware functions 
and for the standard terms used to refer to parts of the system is Wright, Stella Pro-

grammer’s Guide. A good resource for beginners is Davie, “Atari Programming for 
Newbies.” There are several available sources of information about VCS cartridges, 
including the names of programmers who were not credited in the game or on 
the cartridge, box, or manual. Online, these include Atarimania (www.atarimania.
com) and AtariAge (www.atariage.com). There is even a printed directory of VCS 
games (Herman, ABC to the VCS) that contains descriptions of more than seven 
hundred games, although release dates and programmer names are not provided 
for each game.

We also discuss many events in videogame history. Whenever we believed that 
there might be some question about when the event occurred or what happened, we 
indicated our sources in a note. We have not included citations for historical facts that 
are well-known and well-documented—for instance, that the original arcade game 
Pac-Man was a Namco product and was released in 1980. For general information on 
videogame history, there are several good books, including Burnham, Supercade; 
DeMaria and Wilson, High Score; Forster, The Encyclopedia of Game Machines; Kent, 
The Ultimate History of Video Games; and Weiss, Classic Home Video Games, 1972–1984. 
There are also many good resources online, including Herman et al., “The History of 
Video Games,” and http://www.thegameconsole.com.
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25. The discussion that followed the blog post by Montfort, “An Atari VCS 
Curriculum,” was particularly helpful in our thinking about important 
cartridges.

2 Combat

Parts of this chapter are based on Montfort, “Combat in Context.”
 1. Like many small cash businesses, including laundromats, coin-op businesses 
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 5. Robinett, 694.
 6. Hague, interview with Robinett in Halcyon Days.
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Juul, Half-Real.
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 9. Hague.
10. Robinett, 704.
11. Robinett later created a diagram of Adventure’s space that clearly showed the 
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game’s geometric inconsistency. Caving is a matter of moving up and down in 
space, not just side-to-side. Because Adventure shows us only a two-dimensional 
view of the space it represents, it is possible to imagine that movement left, right, 
up, and down also involves movement into and out of the plane of the TV screen, 
as if the player were ascending and descending a sloping terrain. In such a world, 
the blue labyrinth would actually be under the yellow castle.

12. Kirksey, Computer Factoids, 114–115.
13. Hague.
14. Or, as Jim Huether said in Warshaw, Once Upon Atari, episode 1, “I remember 

when I started they just said we want you to do a game in about six months. 
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17. Hague.
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19. Montfort, Twisty Little Passages, 193–221.
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doesn’t exactly describe a real event, but that Iwatani nevertheless likes the story 
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 2. Green, “Pac-Man.”
 3. International Arcade Museum, “Pac-Man Videogame by Midway.”
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handheld systems like the Game Boy Advance and Nintendo DS, both of which 
evolved from the Nintendo Entertainment System, offer even more complex 
hardware management for sprites.

 5. Rick Maurer made an important innovation in Space Invaders in addition to this 
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 6. Quoted in Perry and Wallich.
 7. The effect is different on an LCD display, which means that an emulated Pac-Man 

game will not look the same as one played on a CRT television.
 8. Townsend, “The 10 Worst Games of All Time.”
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11. Control over memory banks is memory-mapped, meaning that a VCS program 

writes to a specifi c location in memory to switch from one bank to another. This 
can be very helpful, but is not as useful as being able to address a large memory 
space directly. Often, some of the contents of one bank will have to be duplicated 
in another because it is impractical to switch back and forth at every point where 
it would be necessary.

12. Available to members of the AtariAge forums at http://www.atariage.com/
forums/index.php?showtopic=54937.

13. Kohler, Power-Up, 24.

5 Yars’ Revenge

 1. Stilphen, interview with Howard Scott Warshaw.
 2. Weesner, interview with Howard Scott Warshaw.
 3. Email to Montfort, 28 October 2007.
 4. Larry Rosenthal was the developer of Space Wars. After he left Cinematronics, 

Tim Skelly needed to reverse-engineer the company’s own product (which was 
not clearly documented) to determine how to create other XY graphics games of 
this sort. After succeeding at this, Skelly developed Star Castle. Skelly, “Tim 
Skelly’s History of Cinematronics.”
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 6. Turkle, The Second Self, 84–85.
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 9. That is, assuming that the color/BW console switch is set to color and a color TV 

is used.
10. Many emulators do now offer a mode in which pixels are blurred so that the 
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are still not visible as they would be on original equipment. Zach Whalen has 
investigated the difference between the “blocky” and “fuzzy” representations of 
pixels in popular culture and has looked at how different display modes infl u-
ence the appearance of digital images, particularly typography. Whalen, “Lost in 
Emulation.”

11. Email to Montfort, 28 October 2007.
12. This assembly code was developed from the binary stored in ROM; Debro, 

“Yars_Revenge.asm.”
13. Stilphen.
14. Email to Montfort, 28 October 2007.

6 Pitfall!

 1. Fleming, “The History of Activision.”
 2. Fleming.
 3. During a Classic Gaming Expo 2007 panel.
 4. Rob Fulop, quoted in Hahn, “Favorite Atari 2600 Games.” Fulop explained 

further in a forum posting on http://www.AtariAge.com (16 October 2007): 
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“After leaving Atari, Bob Smith and myself wrote a few simple editors that ran 
on the Atari 800. These tools enabled a graphic artist to author actual game 
graphics, changing both the graphics, and color, on each scan line. When they 
were happy with the way it all looked, the programmer ran some utility tool 
to add the appropriate hex codes to their program. Michael Becker was the 
fi rst artist to use these tools, and he did such a great job on the set of demons 
that appear in Demon Attack that he became Imagic’s fi rst resident artist 
devoted exclusively to videogame graphics. I think it took other companies 
awhile to catch on to this, which is why Imagic games were known for the 
distinct look they have.” http://www.atariage.com/forums/index.php?show
topic=114992&pid=1389687&mode=threaded&start=#entry1389687.

 5. Bray, Innovation and the Communications Revolution, 272.
 6. He told this anecdote during a panel discussion at the Classic Gaming Expo 

2005.
 7. Email to Bogost, 23 October 2007.
 8. The text continues to note that VCS games had not reached “the level of the 

Intellivision system,” which is true, although VCS graphics capabilities exceed 
those of the Intellivision in some ways, as discussed at the end of the previous 
chapter. Of course, graphics were not the only aspect of VCS games that had 
signifi cantly evolved by the beginning of the 1980s; this book continues to 
remark upon the advent of “multiboard plot-type games” such as Adventure. 
Uston, Buying and Beating the Home Video Games, 26.

 9. He described this part of his interview during a panel discussion at the Classic 
Gaming Expo 2007.

10. All three of the games mentioned here—Barnstorming, Seaquest, and Frostbite—

feature naturalistic settings with sunsets. VCS sunsets are discussed again at the 
end of chapter 6.

11. Michael Thomasson, interview with David Crane.
12. Covert, “Meet David Crane: Video Games Guru.” Although Freeway is some-

times thought to have been inspired by Frogger, the two games were developed 
simultaneously, with the developers having no knowledge of each other’s 
efforts.

13. This version, dubbed “Bloody Human Freeway” at AtariAge.com, is sometimes 
mistaken for a homebrew hack of the game.

14. Email to Bogost, 23 October 2007.
15. Email to Bogost, 23 October 2007.
16. Email to Bogost, 23 October 2007.
17. Burroughs’s book Tarzan of the Apes was fi rst published in a single 

volume in 1914, but was serialized beginning in the October 1912 issue of 
All-Story.

18. The hero of the fi rst version of Jungle Hunt resembled Tarzan quite directly. 
The Edgar Rice Burroughs estate sued Taito over this game, called Jungle King, 
and the company renamed the game and changed the player’s character to an 
explorer in a pith helmet. International Arcade Museum, “Jungle King Video-
game by Taito.”

19. Email to Bogost, 23 October 2007.
20. Email to Bogost, 23 October 2007.
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21. Activision’s method is clearly more aesthetically pleasing, but the less refi ned 
use of HMOVE has the side effect of making it easier for the contemporary critic 
or developer to see how a screen might have been drawn. Whenever that black 
bar appears, the HMOVE register has been strobed, usually giving a clue that the 
TIA has just moved some graphical object.

22. Email to Bogost, 23 October 2007. Ironically, this attention to detail didn’t 
extend to the PAL conversion of the Pitfall! cartridge. The PAL video standard 
runs at 50 Hz rather than the 60 Hz of NTSC, which means that the Pitfall! timer, 
a critical element of the game, runs slower and “20:00” does not correspond to 
20 minutes.

7 Star Wars: The Empire Strikes Back

 1. That distinction goes to Atari’s coin-op game Shark Jaws, discussed later in this 
chapter.

 2. Email to Montfort, 24 October 2007.
 3. Kent, The Ultimate History of Video Games, 237.
 4. A delightful play on this legend is seen in the fi rst music video from the band 

Wintergreen, for its 2006 song “When I Wake Up.”
 5. New York Times, “Atari Parts Are Dumped.” See also Jankel and Morton, Creative 

Computer Graphics, 138.
 6. Actually, only the fi rst offi cial game. A “Star Wars Simulation” had been pro-

grammed and was available in 1978: “Written in 14 K bytes of 8080 assembly 
language, the program code is offered on Tarbell and CUTS tape.” Byte, “Star 
Wars Simulation.”

 7. Email to Montfort, 24 October 2007.
 8. Email to Montfort, 5 November 2007.
 9. Email to Montfort, 5 November 2007.
10. Bowen, “Musical by-products of Atari 2600 games.”
11. New York Times, “Insider Accord in Atari Case.”
12. Teiser, interoffi ce memo.

8 After the Crash

1. Bogost, Persuasive Games, 296. This was one of several examples of a VCS device 
that prefi gured later videogame developments. Another was the GameLine 
modem, allowing the same sort of service that later came to be offered by the 
PlayStation Network, Wii Channels, and Xbox Live. Forster, “The Encyclopedia 
of Game Machines,” 27.

2. For a detailed consideration of the challenges of emulating the VCS, see Vava-
sour, “Back to the Classics.” In that article, the developer of the Atari Anthology 
emulator explains how he dealt with one aspect of emulation: “The Atari 2600 
console had 128 different unique colors. The circuits for generating those colors 
are hidden inside a custom chip. Rather than guess, I created a special ROM and 
downloaded it into my Atari 2600. It was programmed to cycle through all the 
possible colors. A bar code on the top of the screen identifi ed which color was 
being selected. The result was captured with a PC video card and the program 
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scanned the captured video, deciphering the bar code and noting the dominant 
color that was on the screen with it.”

3. Batari Basic is a BASIC language compiler for the Atari VCS, created by Fred 
Quimby. It is available at http://www.bataribasic.com.

4. Null, “The 10 Gadgets that Changed the World”; Null, “The 50 Best Tech Products 
of All Time”; Bourzac, “Objects of Desire”; Dobbin, “Atari 2600, Raggedy Andy, 
Kite Enshrined.”

5. Rothman, “Atari 2600.”

Afterword on Platform Studies

1. Before Macromedia bought it, Flash was called FutureSplash Animator.
2. See the Web site http://www.platformstudies.com for more information on the 

series.
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