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Preface 

"It's only a small matter of programming ... " 

In the programming community, one often hears this epigrammatic com­

ment following a lengthy technical discussion of some difficult problem 

of software design . The comment typically provokes smiles-every irony 

is intended by the speaker-and the speaker is understood to mean: 

• To solve the difficult problem, there is a lot of work to be done. 

• It looks like it's doable, but the difficulties that will inevitably arise are 
impossible to predict and could be a lot more serious than we now 
Imagme . 

• We are programmers, so of course we can solve this problem. 

The comment helps move the software project along its natural path by 
signifying that the time for action has come-the business of programming 

is at hand. For end users, the time for programming has come also-end 

users can do much more than draw pictures or process documents or 

maintain calendars with computers. This book asks why it has been so 

difficult for end users to command programming power and explores the 

critical problems of end user application development that must be solved 

to afford end users greater computational power. 

There is a tremendous demand for the ability to create, customize, 

specialize, and extend software applications. End users want these capa­

bilities; they have the detailed task knowledge necessary for creating the 

knowledge-rich applications they want and the motivation to get their 

work done quickly, to a high standard of accuracy and completeness. We 

know that end users can be empowered to build their own applications­

often surprisingly sophisticated applications-because of more than a 
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decade of widespread use of application development environments such 

as spreadsheets, statistical packages, and CAD systems. 

What spreadsheets, statistical packages, and CAD systems have in com­

mon is a carefully chosen set of task-specific operations that allow pro­

gramming within a particular set of tasks. They lack the power of general 

programming languages, but they also lack the steep learning curve­

hence they are much better suited to the needs of users who have little 

or no training in computer science, and often little interest in computers 

per se. Most end users regard computers as useful-even indispensable­

machines capable of helping them work more productively, creatively, and 

with greater pleasure. This is not the same as finding computers themselves 

intrinsically interesting-as a computer scientist or engineer would-and 

it dictates an entirely different set of tools for end users. 

Spreadsheets, statistical packages, and CAD systems have survived in 

the cutthroat world of software sales because they serve large constituen­

cies, and serve them well. However, there is enormous untapped potential 

to use computers productively for end user application development en­

vironments that would serve smaller, more specialized, but nevertheless 

highly critical problem areas such as patient care, library management, 

scientific collaboration, and a wide variety of educational simulation sys­

tems, to name but a very few. While programmers can be called in to 

provide applications for users in such areas, once the software is written, 

users are stuck with the applications given them by programmers, and 

the applications cannot easily be changed, extended, or tailored to meet 

the demands of local conditions. In addition to the lack of flexibility of 

delivered applications, users will have paid a lot for the application, and 

they will have spent much time transferring their domain knowledge to 

the programmer to get the application written at all. A patient record 

system, for example, that works well in one hospital might need modifi­

cations or extensions to work well in another hospital, or even in different 

units within the same hospital. End users, who understand the particu­

lars of their own areas, should be able to make such modifications and 

extensions. Users may also be starting new applications afresh, as users 

of spreadsheets, CAD systems, and statistical packages routinely do. 

The chief problems to be solved in providing more end user applica­

tion development environments are (1) to provide highly specialized end 

user programming environments that leverage users' existing task-related 
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interests and skills, and (2) from an organizational perspective, to reorga­

nize work practices to better support end users. How are we to do these 

things? That is the subject of this book, and there is much to convince 

you, the reader, of before we can arrive at a set of common understand­

ings about the nature of end user programming and the solutions to the 

problems of end user computing proposed in this book. To achieve that 

understanding, we explore three key areas: 

• Task-specific programming languages 

• Visual application frameworks 

• Collaborative work practices 

The differing threads of these discussions are developed to expose and 

analyze issues in end user computing by casting a wide net, taking a care­

ful look at the social and cognitive dimensions of computer use, as well as 

more narrowly technical subjects. To presage, in the briefest terms, what 

we will ultimately be leading up to: end users will freely write their own 

applications when they have task-specific programming languages embed­

ded in appropriate visual frameworks, and they will write applications in 

collaboration with other users. There is much to say before that last cryp­

tic statement makes much sense, and so, let us turn our attention to the 

fascinating and difficult issues of end user computing. With any luck, it 

will be only a small matter of programming to make the dream of a profu­

sion of highly specialized, task-specific end user computing environments 

an everyday reality. 
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Introduction 

Literacy was not widespread in Mesopotamia. The scribes ... had to undergo 
training, and having completed their training and become entitled to call 
themselves dubsar, "scribe," they were members of a privileged elite who might 
look with contempt on their fellow citizens. 

-CO B. F. Walker, Cuneiform 

Futuristic scenarios of end user computing often reveal the computer as 
an intelligent "agent" capable of performing actions inferred from a sim­
ple statement such as we might issue to a human assistant. The human 

assistant is valued because he can,l on his own, break a task down into 
its constituent parts, correctly anticipate next steps, and fill in missing 
details. The hope is that the computer will be able to do the same. An ex­
ample of the computer-as-agent scenario is offered by Tesler in Scientific 

American (1991). He suggests that the computer will be able to respond 
to an instruction such as: "Distribute this draft to the rest of the group 
and let me know when they've read it." Such a request involves consid­
erable planning and coordination, but intelligent agents will be able to 
perform the appropriate actions because "programmers will ... endow 
[agents 1 with ... reasoning capabilities." These capabilities are to be very 
sophisticated, including the ability to "anticipate needs before the user 
has expressed them or has even become aware of them." The impending 
availability of computer assistants/agents amounts to nothing less than 
a "paradigm shift" in which the computer has changed from "cloistered 
oracle to personal implement to active assistant" (Tesler 1991). 

Tesler, of course, is not the only one to project the computer-as-agent 
scenario. The lineage of such scenarios is long, going back through many 
incarnations in science fiction, attaining world fame with HAL, the 
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temperamental computer-agent in the film 2001: A Space Odyssey, and 
continuing on in the Knowledge Navigator and 1995 videos produced 
by Apple Computer and Hewlett-Packard, respectively. What interests 
me about these scenarios is not that they make fantastic, unrealistic 
promises (though I think they do), or that the instructions given by the 
user are couched in simple English (Tesler at least concedes that more 
structured languages may be needed), or that they embody such a grand 
vision (though the vision has much appeal). Rather, it is interesting 
that it is the programmer who is to control all of the computational 
magic. As Tesler says, programmers will endow computer-agents with 
their basic capabilities, even meeting such exciting challenges as pro­
gramming the computer to know what users will think before they 
think it! By comparison, notice the relationship of the end user to the 
computer; the end user is engaged in the most humdrum activities: 
making queries regarding a phone conversation, asking the computer 
to set up an appointment, requesting articles from the library (Tesler, 
1991). 

Now contrast this vision of the computer-agent with what Alan Kay (in 

the same issue of Scientific American) envisions for educational software: 
children writing simulations of complex natural phenomena such as bi­
ological and physical systems to better understand how they function. 
Kay's colleagues have created a simulation construction kit for children 
so that they can build their own simulations. The construction kit lets 
children write simple scripts that model animal behavior. Using the kit 
they can change parameters to see how changing conditions affect the 
animal. This use of computers is an instance of what Tesler called the 
"personal implement": the children are doing nothing more or less than 
programming. With the kit, the children have tools that give them tremen­
dous scope for intellectual exploration and personal empowerment. Kay 
reported that the children have, with much enthusiasm, simulated an un­
usual animal, the clown fish, "produc(ing] simulations that reflect how 
the fish acts when it gets hungry, seeks food, acclimates to an anemone, 
and escapes from predators" (Kay, 1991). 

There is an intellectual richness here that is missing from the utilitar­
ian scenarios emanating from the agent metaphor. The richness derives 
directly from the ability of the children to program the computer. I am 
concerned that in our zeal to move on to the "next paradigm" we may 
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be missing a tremendous opportunity to extend and deepen the current 

paradigm. We have only scratched the surface of what would be pos­

sible if end users could freely program their own applications, as the 

children have done. In fact, such an ability would itself constitute a new 

paradigm. We may indeed want to turn over some functions to com­

puter agents, but let us also open up the world of programming to end 

users. As has been shown time and again, no matter how much design­

ers and programmers try to anticipate and provide for what users will 

need, the effort always falls short because it is impossible to know in 

advance what may be needed. Customizations, extensions, and new ap­

plications become necessary. End users should have the ability to create 

these customizations, extensions, and applications, just as the school chil­

dren chose to explore the behavior of the clown fish using the simulation 

construction kit. Next the children may want to study herring gulls or 

mountain gorillas or European honeybees, and their programming re­

sources and newly formed programming skills will enable them to do so. 

While computer agents will be appropriate and useful for many tasks, 

such agents do not begin to cover the extent of what end users will be 

able to do with computers when they have suitable environments for cre­

ating their own applications. We should be working on many fronts, and 

agents and implements and even oracles all have their place in the world 

of computing. 

Dunlop and Kling (1991) write that our technical choices advance so­

cial goals. The goal we seek to advance here is that of giving more direct 

control over computational resources to end users, to enable them to do 

with computers what professional programmers have long done. The goal 

is practical: to encourage the proliferation of end user programming envi­

ronments that will give ordinary users some of the computational power 

enjoyed by professional programmers, so that they can perform their work 

more efficiently, effectively, and pleasurably. In meeting this simple, prac­

tical goal, we may also hope to serve the higher goal of educating people 

about the way computers work: through practical experience, the nature 

of the machine-its possibilities and limits-can be studied and reflected 

upon in the course of everyday activity. Such exposure to computers does 

not guarantee more informed understanding, but it at least permits it, so 

that the many decisions a democratic society faces about the use of com-
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puters, including difficult issues of privacy, freedom of speech, and civil 

liberties, can be approached by ordinary citizens from a more knowledge­

able standpoint. 

In addition to supporting a populist vision of computing, a focus on 

end user programming addresses the problem of the serious underutiliza­

tion of computing resources that has begun to trouble many observers. 

Forester (1989) noted that there is a "new wave of skepticism" regard­

ing the productivity benefits of automation. Many studies suggest that 

the introduction of computers into offices and factories has not gener­

ally correlated with increased productivity (Bowen, 1989; Franke, 1989; 

Shaiken, 1989; Warner, 1989; Strassman, 1990). Forester calls this the 

"productivity puzzle." 

There are many complex reasons why automation has not produced 

the expected productivity gains. The puzzle has many pieces, including 

some that have nothing whatsoever to do with technology. In particular, 

a net decline in productivity can occur when countervailing forces (e.g., 

the need for increased legal and personnel staff to monitor government 

regulations and employee entitlements) depress productivity more than 

automation, which is contributing to productivity, can increase it. But 

even taking this into account, we do seem to be underutilizing our tech­

nology (Bowen, 1989). One key reason for this underutilization is the 

pyramid of computers users: a broad base of potential end users with a 

tiny point of professional programmers. Because of the expense of engag­

ing professional programmers to create applications from specifications, 

many end users never get the applications they want, and their computers 

sit on the desktop gathering dust, or are used only for a narrow range of 

applications, such as word processing. The 1990 Software Market Survey 

reported that the average corporate application development backlog in 

1990 was twenty-nine months (Software Magazine, 1990). Such figures, 

alarming as they are, count only the applications that people have actu­

ally requested, not those that they might want if they were not working in 

an environment of such overwhelmingly unsatisfied demand. When end 

users can create their own applications and do not have to rely exclusively 

on MIS departments, consultants, and others to create their applications, 

existing computational resources will become much more valuable and 

will begin to justify their cost. 
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A user of a software system was heard to remark, "I didn't have much 
time, so I did it the long way." In this statement we hear the authentic voice 
of the end user: the person who does not want to turn a task into a pro­
gramming problem, who would rather follow a lengthy but well-known 
set of procedures to get the job done. The converse of this statement, 
putatively from a collection of MIT graffiti, goes: "I would rather write 
programs to help me write programs than write programs.,,2 

These two users define the endpoints of a continuum of computer users . 

It is helpful to understand that a key difference between professional pro­
grammers and end users is that programmers like computers because they 

get to program, and end users like computers because they get to get their 
work done. End users are not "casual," "novice," or "naive" users; they 
are people such as chemists, librarians, teachers, architects, and accoun­
tants, who have computational needs and want to make serious use of 
computers, but who are not interested in becoming t>rofessional program­
mers. Many such users use computers daily, at least for certain periods of 
intensive work on a project. The development of end user systems should 

be targeted at these users; people with infrequent computational needs 

can enlist contract programmers or in-house programmers to write the 
few programs they will need. 

JUST WHAT IS END USER PROGRAMMING? 

There are many systems that could conceivably fall under the rubric of 
"end user programming systems." In this book we are concerned with sys­
tems such as spreadsheets, CAD systems, and statistical packages, which 
allow end users to create useful applications with no more than a few 

hours of instruction. In an end user programming system, a critical subset 
of the functionality of the system can be quickly learned and is sufficient 

for getting useful work done. 
Before we go any further, we must say what we mean by "program­

ming." There are two ways to approach the problem. We can define pro­
gramming as a behavior in which sequences of procedural instructions 

(typically in textual format) are written in a language that is compiled 
or interpreted into the application. Thus, we may hear marketing people 
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claim that fourth-generation languages (4GLs) do not require program­

ming because of the declarative nature of the specifications. However, we 

would suggest that writing high level, declarative, textual program spec­

ifications also constitutes programming, as does creating diagrammatic 

representations of system behavior. They demand the same basic activi­

ties and skills as conventional programming (even if the programmer is 

saved a considerable amount of time). The point is that a definition of 

programming that refers to detailed behavior is likely to be technology­

specific. 

If we attempt to define programming by its objective, we can address 

many related technologies that are of importance to end users. The objec­

tive of programming is to create an application that serves some function 

for the user. From the end user's point of view, the particular behavior 

involved is not important, so long as application development is easy and 

relatively rapid. In this respect, we can include automatic programming 

systems, programming by example systems, and form-filling dialogues in 

which applications can be customized. Figure 1.1, as rough as it is, sug­

gests a continuum of programmability in which parameter setting and 

traditional programming form the ends of the continuum. 

THE EMPIRICAL STUDIES 

The ideas in this book have evolved from two empirical studies of end 

user computing: a study of spreadsheet users (Nardi and Miller, 1990; 

1991; Nardi and Zarmer, 1991) and a study of CAD users (Gantt and 

Nardi, 1992). The motivation for the empirical studies was to find out 

what kinds of successful end user programming systems are in actual use 

and to learn what makes them successful. We believe that there are gener­

alizable lessons that can be learned from successful systems and applied 

to the design of new software systems-as well as to new social systems 

to support effective software use. Of course design still is, and almost 

certainly always will be, a black art whose most crucial elements remain 

an incalculable mix of imagination, intuition, and intellectual interaction 

with one's fellows. Empirical studies are not a "turn-the-crank" panacea 

to the problems of design; designs do not flow directly from studies of 

users. Rather, empirical studies are intended to create an atmosphere in 

which the actual experiences of users become a part of the discourse of 
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design. This discourse may take on a very specific flavor; this book, for ex­

ample, makes specific suggestions for the design of end user programming 

languages, environments, and the social organization needed to support 

end user programming. The intent of empirical studies as a part of the 
design process is to provide a stimulus to creativity, not to assume that de­

sign can be programmatically directed. A close examination of the actual 

experiences of successful users can provide a useful point of departure for 
designers, suggesting new perspectives from which to view the artifacts 

they create. 

The empirical studies described here were naturalistic, ethnographic 

studies with a small number of users. The goal was to achieve an in-depth 
understanding of the everyday use of the software systems studied, rather 
than to test specific hypotheses with statistical methods. An advantage 

of the ethnographic approach is that it is exploratory in nature, leaving 
open the possibility of finding interesting but unanticipated phenomena. 

Indeed, we were surprised at some of what we found in the spreadsheet 

and CAD studies; in particular, our findings on the collaborative nature of 
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end user application development were completely unanticipated.3 Our 
questions (see Appendix) were adjusted after a few interviews as it became 
obvious that we needed to pay attention to cooperative work practices. 

Several key activities comprised the ethnographic research. We con­
ducted in-depth interviews with informants4 (eleven spreadsheet users 
and twenty-four CAD users); collected and analyzed informants' artifacts 
(e.g., floppies with spreadsheet applications; printouts of macro programs, 
spreadsheets, slides; and plotted CAD designs); and studied and used the 
software systems of interest (VisiCalc, Lotus 1-2-3, and Microsoft Excel 
for spreadsheets; and HP ME30 for CAD).s 

Informants were found through an informal process of referral. Inter­
views were tape-recorded in informants' offices or work settings. A set of 

open-ended questions was asked of each informant in the course of the 
interview (see Appendix). We discussed users' tasks, how they used the 
software system to accomplish them, and how use of the system fit into 
the overall workflow. The order of the questions varied depending on the 
course of the conversation. Additional conversational leads were followed 
as they arose. Informants showed us examples of their work on-screen 
and in paper form. Approximately seven hundred pages of transcribed 
material resulted from the interviews across the two studies. 

In the spreadsheet study, informants were college-educated people em­
ployed in diverse companies, from small start-ups to large corporations 

of several thousand employees. They had varying degrees of computer 
experience, ranging from someone who only recently learned to use a 
computer to professional programmers. Most had no computer science 
background and three to five years experience with spreadsheets. Users' 
applications were in either financial or engineering domains. 

In the CAD study, informants included architects, mechanical engineers, 
electrical engineers, and industrial designers. They came from seven com­
panies, ranging from a three-person architecture design office to Fortune 
100 companies. Most informants had college degrees, and all had at least 
two years of college. Most had been using CAD for at least five years. In­

formants' computer experience ranged from those who were completely 
self-taught to one engineer with a degree in computer science (and a degree 
in electrical engineering). Most informants had taken some formal pro­
gramming or product classes. Many had also put in long hours studying 
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on their own. Our study focused on commercially available CAD systems 
rather than proprietary custom systems. 

Occasionally we provide verbatim quotations from users in the studies 
to illustrate a point. Where user names are given, they are fictitious. 

SO MUCH YET TO DO ... 

We rely heavily on our spreadsheet and CAD studies in this book be­
cause there are few in-depth empirical studies of the actual use of end 
user programming systems, and because these systems are pervasive and 
indisputably successful. Many existing empirical studies focus only on 
small aspects of a system; for example, among spreadsheet studies, Olson 
and Nilsen (1987) conducted an experiment in which they contrasted the 
methods by which subjects entered formulas in two different spreadsheet 
products, and Brown and Gould (1987) counted mistakes made during 
an experimental trial of spreadsheet use (see also Napier et aI., 1989; 
Doyle,1990). In addition to our own work, we have relied on the empir­
ical studies of Clement (1990), Mackay (1990a), MacLean et aI., (1990), 

T. R. G. Green and his colleagues, Rousseau (1992a; 1992b), Tee (1992) 

and others. One hope for this book is that it will stimulate further empir­
ical research on existing end user software systems so that we can learn 
more about what works and what doesn't work. Over the last twenty 
years or so, computer access has slowly been extended to less sophisticated 
users, and there is much to be learned from studying the successes and fail­
ures of programmable systems that have large user populations. It would 

be enlightening to know more about user experience with systems such 
as statistical packages, 4GLs, style sheets in word processing programs, 
HyperCard, Metaphor Capsules, and Mathematica.6 At the moment, a 
simple diagram such as figure 1.1 cannot be drawn with the level of as­

surance we would like, given our current level of knowledge, but ideally 
we would like to know enough to be able to represent knowledge about 
the dimensions of various programming systems in such schematic form. 

OVERVIEW 

The subject of this book is the study of technologies designed to support 

complete end user application development, not technologies that support 
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only part of the development process such as the creation of user inter­
faces, specifications, or throwaway prototypes. While there is a place for 
activities such as rapid prototyping and user interface building, these ap­
proaches do not enable end users to build their own finished applications. 

These approaches may be useful in getting end users involved in the de­
sign process, but they are not the direct support for end user application 
development which is our goal. 

We begin, in chapter 2, by asking why we need end user programming 
systems at all. Aren't natural language-based systems that will allow us to 
just tell the computer what we want right around the corner? We discuss 
the computer's conversational abilities and argue that conversation is not 
the best model for human-computer communication. 

Instead of conversation, we propose that human-computer communi­
cation is best facilitated by task-specific programming languages that tap 
users' task knowledge and related interests. Chapter 3 describes the kinds 
of programming languages that will support end user programming. The 
argument is made that people readily learn formal languages, and that 
what end users need are task-specific languages that exploit existing task 
understanding. 

Much work on end user programming has concentrated on specific in­
teractional techniques that have been proposed as general solutions to 
problems of end user computing. These techniques include forms-based 
systems, visual languages, programming by example, programming by 
example modification, and automatic program generation. Chapter 4 ex­
plains and evaluates these techniques. 

Chapter 5 proposes the development of visual application frameworks 
for end user computing. The model is the spreadsheet table, which visually 
organizes computation. 

Our empirical studies convinced us that to understand end user pro­
gramming, it is critical to attend to both the use of a software product 
by an individual user and the collaborative work practices that accom­
pany the use of the software. A narrow focus on individual cognition 
that accounts only for the individual's interaction with a particular soft­
ware system misses much of what is critical to application development. 

In particular, we have found that software systems afford users more 
power-but not at the expense of ease of use-when collaborative work 
practices are employed. As we describe in chapter 6, the work of building 
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an application is distributed over different kinds of users whose varying 
skills and interests are marshaled to get the application written. 

Finally, in chapter 7 we look at a software system that is intended 
to facilitate the process of creating task-specific end user programming 
systems. The cost of building many such systems will be prohibitively high 

unless we provide a firm foundation of reusable software components that 
ease the development process. 



 

2 

Conversation and Computers 

By degrees I made a discovery of still greater moment. I found that . . . people 
possessed a method of communicating their experience and feelings to one 
another by articulate sounds. I perceived that the words they spoke sometimes 
produced pleasure or pain, smiles or sadness, in the minds and countenances 
of hearers. This was indeed a godlike science, and I ardently desired to 
become acquainted with it. But I was baffled in every attempt I made for this 
purpose. 

-Frankenstein's monster, Frankenstein, by Mary Shelley 

Before we examine end user computing languages, environments, and 

work practices, we must ask why it is that people need these things 

anyway-why can't we just tell computers what to do using a simple 

conversational style of communication? Researchers have been promis­

ing for quite some time that very soon ... any day now ... communicating 

with computers won't be a problem because we will just talk to them the 

way we talk to one another. If this were to happen, the entire problem of 

end user programming would vanish. 

While there are certainly applications for which a conversation-like 

user interface to the computer would be useful, in general this approach 

is problematic for the kind of complex communication demanded by end 

user application development . The difficulty lies in the fact that while hu­

mans effortlessly, unselfconsciously converse as an unproblematic mat­

ter of everyday life, computers are, quite literally, unable to hold up 

their end of the conversation. The reasons for the computer's conver­

sational deficiencies inhere in the very nature of conversation itself, as we 

shall see. 
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MIMICKING CONVERSATION 

A pervasive assumption about human-computer communication is that 
ideally it should mimic human conversation. More specifically, it should 
mimic ordinary, mundane conversationl such as a chat between friends. 
This assumption informs many conceptualizations of how people should 
interact with computers, from marketing videos (Knowledge Navigator 

and 1995) to serious scholarly treatments of the problems of human­
machine communication (Chapanis, 1975; Hayes and Reddy, 1983; Bolt, 
1984; Suchman, 1987; Norman and Thomas, 1990; Robinson, 1990). 
Suchman (1987), for example, calls informal conversation "the paradigm 
case" for communication. 

Conversation has a number of obvious advantages as a model for 
human-computer interaction. Most importantly, we already know how 
to talk, so no new learning is necessary. Conversation provides a rich, 
expressive communication channel; it is the main way that we coordi­
nate our activities, share information, and maintain human relationships. 
Given the central place of conversation in human life, it does appear to 

offer a good model for human-computer communication. 
But there is a problem. Unlike Frankenstein's monster, who, despite his 

monstrousness, had a human intelligence, and who did, through "great 

application," go on to master the godlike science, computers have re­
mained quite stubbornly resistant to our continuing efforts to endow them 
with the ability to carry on conversations. At most we have been able to 
write programs that allow computers to understand a l imited range of 
"natural language" within a set of narrowly bounded tasks, such as mak­
ing airline reservations. To do even this much requires massive amounts 
of programming, and of course the computer understands only a sub­

set of the sentences that might meaningfully be used to do a task. Rich 

(1985) notes that in natural language systems, "users must learn not the 
interface language itself, from scratch, but rather the boundaries that sit 
within a language that they already know and that divide the recogniz­

able sublanguage from the rest of the natural language. " So the learning 
problem does not disappear; it takes shape as the problem of learning a 

sublanguage. 
The biggest stumbling block to human-computer communication via 

natural language lies in the nature of conversation itself. The computer 



Conversation and Computers 15 

fails to understand and to speak because much of what is understood 
in a conversation attaches to the context in which the participants of a 
conversation find themselves, and of which they have knowledge. Peo­
ple bring a great fund of prior knowledge to a conversation, which they 

use to interpret what they hear and to determine what they say. People 
are also continually monitoring the situation in which they find them­
selves through the five senses (Schutz 1962,1964; Garfinkel, 1967) to gain 
knowledge of the referents and meanings of the conversation-referents 

and meanings that may be only barely sketched in as far as the actual 
words of a sentence go. For example, a grocery shopper standing over 
the lettuce bin, to use a scenario offered by Heritage (1984), may remark 
to another shopper: "That's a nice one." The referent for "that's" is a 
lettuce; the word "nice" takes its meaning strictly from the context of 
the particular shopping event being enacted by the shoppers, a context in 
which the characteristics of a particular lettuce are at issue. In a different 
conversational context, "That's a nice one" might come to be construed 
quite differently. A Halloween partygoer, for example, standing around 
with her friends, admiring others' costumes, might exclaim, "That's a nice 
one!" In this situation, "that's" refers to a costume, and "nice" might be 
used to describe a particularly macabre getup. "Nice" then, can mean 
something like "fresh and green" in one context, and "scary and sinis­
ter" in another. (See also Grice, 1975 and Levinson, 1983.) These widely 
varying referents and meanings cause no trouble at all to the participants 
in the conversation; they bring to bear a full range of knowledge and 
perceptions in producing and understanding conversation. 

The accomplishment of conversation, then, relies on a large and 
difficult-to-specify cache of prior knowledge, as well as an ability to 
perceive the environment through the senses . The computer lacks these 

capabilities, so while the production and comprehension of conversa­

tion function well in human communication because a context can be 
established, the computer fails miserably at conversation. Lacking the 

critical resources necessary for conversation, the computer can neither 

understand nor speak. (See Suchman, 1987 on these points. Winograd 

and Flores, 1986 also treat these issues against a philosophical backdrop.) 

That conversation requires capabilities absent in the computer should 

not occasion dismay as far as our efforts in designing systems of human­

computer communication go; it simply means that we need another model 
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of human-computer interaction. There is much resistance, however, to the 

idea that we give up the conversational model. The computer is our cre­
ation, and we have endowed it with so many amazing abilities  that giving 
it speech and understanding seems only a matter of hard work. The com­
puter's humanoid intelligence fairly cries out for this essential missing 
ability.2 In addition, the central importance of conversation in human 
communication causes us to be a bit myopic when imagining how we 
want to communicate with computers: the computer must communicate 
the way we do, or, more precisely, the way that we think we communi­
cate most readily, that is, via ordinary conversation. Because conversation 

dominates our daily communicative activities, it overshadows the many 
other ways we communicate-ways that might provide more suitable 

models for human-computer communication. For example, Winograd 
and Flores (1986) note that, "[Driving a car] is not achieved by hav­
ing a car communicate like a person [i.e., through conversation], but by 
providing the right coupling between the driver and action in the relevant 

domain (motion down the road)" (emphasis added). 
To play a piece of music, to take another example, we read the score. An 

important communicative event has occurred over what may have been 
a great deal of time and space. The communication stretches from com­
poser to player via the musical notation, and, though we do not usually 
draw this fact to our conscious awareness, significant communication has 
been effected through a formal language in which musical parameters and 
events are symbolically recorded (see Hutchins, 1987). Reading music is 

quite unlike carrying on a conversation, but it serves the task of playing 
a piece of music and involves significant communication. 

COMMUNICATION AS A PRACTICAL ACTIVITY 

Mundane conversation is actively, consciously produced daily; it feels im­
mediate, fruitful, like what "communication" is all about. Thus we tend 
to accept mundane conversation as the most natural model of commu­
nication, as "the paradigm case." What we need to do, however, is to 
look carefully at the particular goals, constraints, and resources brought 

to the communicative setting by all parties to the communication. Un­

fortunately many researchers have made the assumption that conversa­

tion is synonymous with informal, mundane conversation, that mundane 
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conversation should be taken as exemplary. Many conversation analysts 

argue that mundane conversation is the primary, even " primordial " way 

humans communicate (Goodwin and Heritage, 1990). Because of the in­

fluence of the early work in conversation analysis that looked only at 

mundane conversation (e.g., Sacks, Schegloff and Jefferson, 1974), mun­

dane conversation has been awarded the status of privileged communica­

tion, so to speak. Goodwin and Heritage (1990) probably speak for the 

majority of conversation analysts when they say that mundane conver­

sation is the " primordial site of language use," providing the "point of 

departure for more specialized communicative contexts ... which may be 

analyzed as embodying systematic variations from conversational proce­

dures." Robinson (1990) calls other communicative systems "dialects of 

mundane conversation." This assumption-that mundane conversation 

is the canonical form of communication, beside which all other forms are 

mere variants--concerns us here because it is clearly erroneous (as we 

argue below), and yet it has permeated much work on human-computer 

interaction (for example, Frolich and Luff, 1990; Norman and Thomas, 

1990; Wooffitt, 1990; Allen, 1992). 

Although most conversation analysts have studied mundane conversa­

tion and believe that it is "primordial," some researchers within the tradi­

tion of conversation analysis have cast a wider net, looking at a variety of 
communicative settings. Their work has convincingly demonstrated that 

conversation-and communication more generally-are fundamentally 

practical activities, geared and adapted to the particular circumstances 

of their use. Button (1990) has pointed out that many human-computer 

interaction researchers have missed this point entirely, and they inappro­

priately attempt to apply findings from analyses of mundane conversa­

tion to human-computer interaction design. But studies such as Atkinson 

(1982; 1990), Holstein (1988), Hutchins (1990a), and many papers in 

Tracy (1991) show that conversational formats and events vary by set­

ting; that is, for a given conversational setting, the goals of participants 

and the constraints and opportunities afforded by the setting determine 

how the communication unfolds. To design a system of human-computer 

communication, it is imperative to understand the specific nature of the 

communicative setting. To blindly use mundane conversation as a model 

for human-computer communication is to miss the point that people tai­

lor their communicative activities to the particularities of the situation, 
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and that mundane conversation is but one model among many used by 

ordinary people in everyday life . 

Because the assumption that conversation is the correct model for 

human-computer interaction is so pervasive and persistent, and because 

it is so important to look at the particularities of the communicative set­

ting in order to understand how communication works, let's look in some 

detail at two studies (Atkinson, 1982; Holstein, 1988) that demonstrate 

that communication can only be analyzed and understood as a function 

of the goals of participants and of the constraints and opportun ities of 

the communicative setting. 

Atkinson (1982) studied language use in an English court and found 

that courtroom communication is much more formal and structured than 

mundane conversation . The general feel of a mundane conversation is free 

flowing and informal: features of mundane conversation such as turn­

taking, repair, and conventions for opening and closing a conversation 

typically involve a great deal of negotiation among participants, and there 

is considerable latitude for what will happen next in the conversation 

(Atkinson, 1982; 1990; Goodw in and Heritage, 1990; Wooffitt,1990). 

Atkinson found that, by contrast , in the English courtroom, patterns of 

conversation diverge markedly from those of mundane conversation. For 

example, the kind of turn taking characteristic of mundane conversation 

is absent. Participants do not negotiate turns as they do in conversation; 

rather, turns are "pre-allocated" such that counsel, witness, judge, defen­

dant, arbitrator, and plaintiff all have slots during which they are allowed 

to be heard on specific subjects. For example , the first counsel may pose a 

question to a witness, at which time the second counsel may remonstrate , 

" Objection ! " The second counsel may not, however, take this opportunity 

to communicate on some other matter, such as posing her own question 
to the witness, or requesting to hear from another witness, or asking when 

lunch will be. Nor should the witness answer the question until the judge 

has decided whether to sustain the objection . Atkinson (1982) provided 
a v erbatim transcript of a segment of a trial during which a witness who 

did not understand the rules of the courtroom answered a question after 
an objection , before the judge's decision. The witness was admonished by 

the judge: " ... when you hear the district attorney object, don't make any 

answer until I tell you you've to answer the question or not." Thus are 
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the communicative rules of the courtroom learned and enforced. This de­

gree of control over a conversational turn by a participant in a mundane 
conversation would be unimaginable .3 

In an ethnographic study of involuntary commitment hearings of men­

tal patients in California, Holstein (1988) showed that conversational 

events, at a very fine-grained level, are determined by the goals of con­
versational participants and by the opportunities and constraints of the 
conversational setting. Holstein found that the types of questions, the 
length of pauses, the extent to which patients were interrupted during 
testimony, and whether conversational indications of interest ("Really?", 
"Uh huh") were used depended on whether the patient was being ques­

tioned by a public defender or a district attorney. The goals of public 
defenders and district attorneys are diametrically opposed: a public de­

fender wants to help the patient avoid involuntary hospitalization, while 
a district attorney seeks commitment of the patient. The goals of public 

defender and district attorney are the first primary determinants of the 
course of the conversation (as we shall see in more detail). 

A second determinant of the course of the conversation concerns the 

opportunities and constraints of the particular courtroom setting in which 

the hearings are held. In the commitment hearings, both the public de­
fender and the district attorney are in a conversational setting prone to 

an interesting possibility: the mental patient being evaluated for commit­

ment may at any moment begin to "talk crazy." For public defenders, the 
possibility of "crazy talk" is a constraint; for district attorneys, it is an 
opportunity. Public defenders want to manage the conversation to pre­
vent or shortcircuit delusional talk, while district attorneys want precisely 

the opposite-to get the patients to, as the district attorneys say, "hang 
themselves" through their "crazy talk." It is important to recognize that 

the determining influence on speech here is directly produced by the spe­
cific (opposing) goals of the public defender and the district attorney. 

The conversation is not determined by a mutually constructed context in 
which creating shared understanding is paramount, or by some general 

laws of conversation; it is directly determined by participants' goals. More 

specifically, it is determined by the goals of the powerful participants in 

the conversation; the patient is primarily responsive.4 

The deliberate, goal-determined management of the conversational 

flow effected by public defenders and district attorneys is illustrated in the 
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verbatim segments of hearing transcripts provided by Holstein (1988). 

In the first example, we find the public defender trying to minimize the 
impact of a patient's "crazy" talk.5 Fred Smitz is being questioned by the 
public defender. The double slashes (II) indicate simultaneous speech: 

Public Defender: Where would you live? 

Fred Smitz: I think I'd go to a new board and care home not populated 
by rapists II and Iranian agents . 

Public Defender: (breaking in) Fine, Mr. Smitz. Now would you take 

your medication? 

Fred Smitz: I would if it didn't pass II through the hands of too many 
Russians. 

Public Defender: (breaking in) Do you still get an SSI check, Mr. Smitz? 

The public defender attempts to minimize the patient's delusional 

speech by breaking in when the patient begins to elaborate his answers to 

the questions. The public defender keeps the conversation rolling along, 

asking very directed questions with yes-no answers, trying to get the 
patient to give short, correct answers to the questions about medication, 

and so forth. He ignores the content of the delusional speech, behaving 
as though it did not occur. 

By comparison, in a transcript with another patient, we find the district 
attorney doing exactly what the public defender was avoiding - encourag­

ing the patient to elaborate delusional comments. This somewhat lengthy 
segment is given here just as Holstein (1988) reported it, to underscore the 

deliberate, persistent conversational tactics used by the district attorney 
to elicit the patient's "crazy talk." Note the district attorney's liberal use 
of silences and indications of interest, the absence of interruption, and the 

use of very open-ended questions-just exactly what the public defender 

was not doing. The district attorney is questioning Lisa Sellers: 

District Attorney: How do you like your summer out here, Lisa? 

Lisa Sellers: It's OK. 

District Attorney: How long have you lived here? 

Lisa Sellers: Since I moved from Houston. 
(Silence.) 

Lisa Sellers: About three years ago. 

District Attorney: Tell me about why you came here. 



Lisa Sellers: I just came. 
(Silence.) 
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Lisa Sellers: You know, I wanted to see the stars, Hollywood. 

(Silence.) 

District Attorney: Dh huh. 

Lisa Sellers: I didn't have no money. 

(Silence.) 

Lisa Sellers: I'd like to get a good place to live. 

(Long silence.) 

District Attorney: Go on. (spoken simultaneously with onset of next 
utterance) 

Lisa Sellers: There was some nice things I brought. 

(Silence.) 

District Attorney: Dh huh. 

Lisa Sellers: Brought them from the rocketship. 

District Attorney: Oh really? 

Lisa Sellers: They was just some things I had. 

District Attorney: From the rocketship? 

Lisa Sellers: Right. 

District Attorney: Were you on it? 

Lisa Sellers: Yeah. 

District Attorney: Tell me about the rocketship, Lisa. 

Holstein (1988) reported that on occasion a public defender believes 
that hospitalization is the best choice for a patient. When this happens, 

the conversation of the public defender takes on a distinctively district 

attorney-like flavor; as Holstein says, now "inappropriate talk [is] allowed 

to flourish." 

The striking degree to which the goal-directed nature of communication 

is revealed in the English courtroom and the involuntary commitment 

hearings suggests that the first thing we must attend to in any attempt to 
design a system of communication is to assess goals, rather than to pay 
attention to such features as turn-taking and repair (as do Frolich and 

Luff, 1990; Norman and Thomas, 1990; Wooffitt, 1990; Allen, 1992, 

for example), which are situationally specific aspects of a particular 
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conversational setting, not the general features of communication they 

have been assumed to be. 

The studies by Atkinson (1982, 1990) and Holstein (1988) show that 

the notion that mundane conversation is "primordial " misses the point 

that human communication is, first and foremost, fundamentally practi­

cal. It varies, as we have seen, by setting and function.6 

Wynn (1980) made the interesting point that the ambiguity and impreci­

sion in mundane conversation itself may, in many situations, be functional 

and intentional; as she said, "The messiness, potential ambiguity, implic­

itness ... of natural conversation serve many of the purposes that actors 

have, including [those of] intimacy and mutuality, [through means of] less 

and less explicit surface discourse." Even the very ambiguity of conversa­

tion, generally thought to be a problem to be remedied, may then, in some 

situations, serve a definite conversational purpose. Thus we must look to 

the purposes of communication to understand its shape and form. 
There are many distinctive forms of human communication, each us­

ing language in its own way, for its own purposes. The way language is 

used in a ritual or a lecture, or a debate, or a courtroom summary, or 

a computer program is no more or less humanly possible or important 

than everyday conversation. Nor do these communicative settings con­

stitute mere variants of mundane conversation; they embody their own 

intentions and conventions, carefully matched to the goals for which they 

will be used. Atkinson (1982) noted that many settings such as church 

services, conferences, meetings, and parliamentary proceedings have lit­

tle in common with mundane conversation but share with each other 

characteristics of systematic, more formalized communication. Generally 

speaking, all cultures have a variety of ways of structuring language and 

controlling its use, and the problem, in any given instance, is to select or 

fashion an appropriate form, given the constraints and opportunities of 

the situation. 

Robinson (1990), who is generally sanguine about the possibilities of 

applying conversation models to human-computer interaction, has nev­

ertheless noted that, " ... there is no guarantee that features found in 
mundane conversation, engineered into a human-computer interaction, 

will necessarily result in the same managed accomplishment observed in 
their original context." Indeed, as we have discussed, the importance of 

constructing a conversational context from pr ior knowledge and percep-
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tual input suggests that such managed accomplishment is most unlikely, 

given the computer's limitations. For purposes of human-computer com­

munication, we should not promote one style of communication over 

another until we have carefully considered the situation in which people 

and computers attempt to commun icate . We should be particularly careful 

not to promote a style of communication based on prejud icial treatment 

of the computer, whose conversational resources are decidedly lacking, as 

Suchman (1987) and Winograd and Flores (1986) have shown. Instead, 

we should ask what it is we want to do with computers, examine the way 

in which resources are allocated among the parties to the communication, 

and then determine, based on this assessment of opportunities and con­

straints, how we can best communicate in the unique situation in which 

human and machine come together. 

Though we may relinquish the conversational model with some re­

gret, when we seek another model of human-computer interaction, we 

have the possibility to free ourselves of the serious liabilities of conversa­

tion. Conversation is characterized by ambiguity, lack of precision, and, 
sometimes, complete failure. These liabilities are particularly fatal for 

human-computer communication, though much less so for human-human 

communication. 

In human conversations, people have developed repair mechanisms to 

mitigate ambiguity, imprecision , and failure (see Goodwin and Heritage, 

1990; Wooffitt, 1990). But repair works imperfectly; as Schutz (1962) 

noted , in conversation, understanding is "without guarantees." For many 
conversational situations imperfect communication is acceptable; unam­

biguous, precise communication is not needed. Even when we completely 

fail to communicate with people, we often have the option of simply not 

speaking to them at all in the future. However, for communicating with a 

machine, we do not want to fail, and we want the ability to ma ke unam­

biguous, precise statements so that the machine will do what we intend it 

to do. Thus it is not surprising that computer scientists have relied, from 

the outset, not on conversational communication but on formal languages 

for communicating with computers. 

Formal languages are specifically designed to enable the kind of unam­

biguous, precise communication demanded by a machine. In conversa­

tional communication, the possibilities for interpretation introduced by 

context are virtually limitless; there is the potential for an infinite regress 
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of interpretation because the knowledge that informs an interpretation 
can itself be questioned and must be explained by reference to other 
knowledge, which can itself be questioned and explained by still other 
knowledge, and so on, ad infinitum (Wynn, 1980; Suchman, 1987). It is 

precisely this element of interpretation that we must eliminate to commu­
nicate effectively with machines. 

Mathematicians, logicians, philosophers, professional computer pro­
grammers, and other such folk routinely develop and use formal 
languages. But people not trained in these traditions often find their 
languages mystifyingly opaque, dense, and impenetrable. Within the 
world of computing, many people have had so much trouble with 

conventional programming languages that, as we have seen, there have 
been many calls to enable the computer to communicate the way peo­
ple routinely do-through the " effortless" medium of conversation. 
However, if we look more closely, we observe that end users have had 
problems, not with programming languages per se, but with specific 

computer programming languages, namely, general languages such as 
C, Fortran, Lisp. But because of the difficulties end users have often 

had in learning these languages (Lewis and Olson, 1987; Soloway and 

Spohrer, 1989), alternatives to formal languages-especially natural 

language conversations-have been studied as potential replacements . 

We want to argue here that just as formal languages have served com­
puter scientists well, they will serve end users well. There is nothing 
unnatural or peculiar in any way about formal communication. In the 
next chapter, we look at some different forms of formal communi­

cation that occur in everyday life to see that formal communication 

is natural and unproblematic for ordinary people . Once we see that, 

it frees us to imagine and design ways of communicating with com­
puters that do not assume the priority of any single communicative 
convention; rather, we can direct our energies toward understanding 
the particular practical realities of the communicative situation of 
interest. 

Unlike conversational communication, formal languages can be text­
based or graphical . For many problems, a graphical representation is 
much the most "natural" (see Rich, 1985). Conversational communi­
cation can be quite constricting and unnatural when what is needed is 
fundamentally graphic . Again, the problem is one of matching the practi-
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cal problem at hand to the design of the technology, rather than assuming 

a priori the primacy of one form of communication, i.e. conversation. In 

chapter 5 we explore visual application frameworks and their utility for 
end user systems. 

SUMMARY 

As noted earlier, Suchman (1987) and Winograd and Flores (1986) pro­

vide a detailed discussion of why computers cannot converse, and we have 

briefly recapped these arguments. We have argued that the computer's con­
versational disability needn't occasion dismay as far as human-computer 
communication goes. What has been taken as paradigmatic "conversa­
tion" really isn't paradigmatic (Atkinson, 1982; 1990; Holstein, 1988; 
Hutchins, 1990a; Tracy, 1991); people have many effective ways of com­
municating that do not involve conversation. The persistence of the con­
versational standard is, however, troubling. Suchman adopts a somewhat 
"no-exit" stance to her own critique; computers cannot converse, yet they 
must be held to the standard of conversation. As she says, "A growing 

corpus of observations from the analysis of everyday human conversa­
tion provides a baseline from which to assess the state of interactivity 
between people and machines." Since Suchman's analysis makes plain 
that machines cannot share in the resources people bring to conversation, 

and conversation is to be the "baseline from which to assess the state of 
interactivity between people and machines" where does that leave us? I 

think it would leave us rather high and dry if we were to continue to hold 

computers-or ourselves in all situations-to conversational standards. 
Communication is effected in many different ways, conversation being 

but one. It is time for us to let go of conversation as the "paradigm case" 

of human-computer interaction and look to the many practical means of 
communicating that people have invented. That is what we shall do in 

the next chapter. 



 

3 

Task-specific Programming Languages 

By relieving the brain of all unnecessary work, a good notation sets it free to 
concentrate on more advanced problems. 

-A. Whitehead, An Introduction to Mathematics 

FORMAL SYSTEMS: SOME BACKGROUND 

In 1979, as part of my anthropological training, I spent several months 
living in a primitive village perched atop a ridge in the mountains off 
the north coast of Papua New Guinea. Other villages on other ridgetops, 
and villagers out in their gardens miles away, were brought within range 
of village communication through a system of signals drummed out on 
slit-gongs-large wooden drums made of hollowed out tree trunks (see 
figure 3.1). A sophisticated language of signals allowed a wide variety of 

messages to be sent-to call a particular person in from his garden, to 
give notice of a meeting of villages for a specified day, to broadcast the 
sad news of the death of a relative . 

Communication by slit-gong is nothing more or less than the invoca­
tion of a formal language, and it does not require any special abilities 
on the part of New Guineans to communicate in this fashion. A great 

many human communicative systems are formally structured in just this 
way. Within the study of human-computer interaction, this observation 
on the ordinariness of formal  communication would be unremarkable 

were it not for a very strong current of thought that holds that end 
users should be shielded from having to use such formal languages; 

they should instead be provisioned with, for example , "conversational" 

user interfaces that promote informal discourse between human and 
computer (e.g., Frolich and Luff, 1990; Norman and Thomas, 1990; 
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Figure 3.1 
A garamut or slit-gong from Madang Province, Papua, New Guinea. Photograph 
courtesy of Chris Darrouzet. 

Wooffitt, 1990; Allen, 1992), or systems that enable programming via 
the specification of concrete examples ( e.g. Maulsby, Witten and Kittlitz, 
1 989; Cypher, 1 991 ; Myers, 1991). Before making specific proposals for 
the design of end user programming languages, we offer some simple 
observations about the ubiquity of formal languages in human life to 
argue that the avoidance of formal languages for end users is not nec­
essary, and that the real question is how to design those languages. We 
consider a number of ordinary, non-computer-based systems that rely on 

formal communication to convince ourselves that for end users, formal 
languages are a perfectly suitable means of communication. 

Many human activities, such as conducting a symphony, or indicating 
to a driver that it is her turn to stop at an intersection, or signaling to the 
pitcher to throw an inside curveball, are carried on via formal systems 
of communication. In everyday life, people learn and use a wide vari­
ety of formal languages and systems. These systems are so pervasive that 
we scarcely stop to notice them: the alphabet, numerals, games, methods 
for scoring games, arithmetic, algebra, shorthand, the conventions used 
in sewing, knitting and crochet patterns, copyediting marks, calendars, 
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maps, money, musica l notation, street and highway traffic control signs, 

and even the juvenile secret language "Pig Latin."l People have consider­
able facil ity with these systems ; they learn to do arithmetic in more than 
one base, to work with different systems of numerals, to write in more than 

one style of the alphabet, to transpose music from one key to another. The 

pervasiveness of formal systems shows that people readily invent, learn, 

and use them. In the early part of the nineteenth century, as Charles Bab­
bage set about to design his "Analytical Engine," people were already 
communicating with machines via formal machine languages. Babbage's 
design borrowed from one such language, that used to program power­
driven looms. Babbage himself never actually built the Analytical Engine, 
but its computations were to be determined by a set of instructions deliv­

ered via punched cards, just like the punched cards that encoded woven 
fabric patterns for the intricately patterned jacquard cloth manufactured 
on the looms (Stein, 1985). 

Formal systems are so pervasive because they are so useful; they allow 
effective communication in the many everyday situations in which ex­
plicitness and precision are needed to enable the practical fulfillment of 
goals. Controlling traffic, or explaining how a dress can be constructed, 
or deciding how much money is owed when all appropriate taxes have 
been added in are activities that are greatly facil itated by a system that 
precisely defines a set of elements and relations . Formal systems permit 
activity to unfold in such a way that tasks can be accomplished accurately 
and reliably. These examples of varied communicative forms are intended 
to suggest that; with respect to computers, our focus should be on the 
accomplishment of tasks and the formal communicative systems that best 
describe and support a set of tasks. 

Perhaps it should not be surprising that people are adept at learning 
and using formal systems when we consider that the most fundamental 

form of human social organization in virtually every society is based on 
formal kinship systems. Each society has a way of unambiguously defining 
kin relations, and every member of the society learns these relations. This 
is not to say that people always adhere exactly to the rules set out by 
a kinship system (because individuals to fill appropriate roles such as 

eligible marriage partner may not be available at a given time), but every 
member of the society learns and understands what the system is and can 

reliably answer questions about the nature of the relations in the system.2 
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The ubiquity of kinship systems speaks to their utility; and perhaps the 
development of our ability to "define kin" which probably emerged many 
hundreds of thousands of years ago, was the beginning of our cognitive 
abilities to learn and use formal systems (see Wallace, 1 961) .  

Formal Notations 

So far we have avoided mention of notation; we have been exploring 

the ease with which people learn and use formal languages and the cir­
cumstances under which people find them useful. Some formal systems, 
such as kinship systems or slit-gong signals, do not even have a notation. 
Knowledge of kin relations is transmitted verbally and aural slit-gong 
signals have no written encoding.3 However, notations do greatly facili­
tate the use of formal languages, and certainly they are an issue for any 

discussion of programming languages. Our argument is that not only do 
people readily learn and use formal languages, but they also readily learn 
the notations that go a long with them. 

There are many formal notations that are learned in the course of ordi­
nary life: musical notation, arithmetic, algebra, the alphabet, conventions 
for copyediting, to name but a few. These notations are, in general, easily 
learned and readily appl ied. Learning them enables us to reproduce the 
tasks or events they describe accurately and reliably. The use of the nota­

tions requires no special abilities (given basic literacy) ,  and yet they give 
us access to a rich store of encoded knowledge for an immensely varied 
set of tasks and events. As the great Russian psychologist Leont'ev ( 1974) 

remarked, "[Artifacts] mediate activity that connects a person not only 

with the world of objects, but also with other people. This means that a 
person's activity assimilates the experience of humanity." 

We can also use notations to encode creations or observations of our 
own, preserving, for ourselves and others, the flow of a patterned activity. 
Some notations that describe ordinary activities actually look very much 
like conventional programming languages. We examine in some detail 
two such notations: baseball scoring notation and knitting instructions. 

A baseball scoresheet (figure 3.2) is an ingenious form that permits 
a scorer to encode almost every event of a game for a given team on a 
single sheet of paper, providing the data to generate the relevant baseball 
statistics for the game and the players.4 A standard set of symbols encode 
events of the game. For example, "HR" stands for home run, "2B" for 
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Figure 3.2 
A baseball scoresheet. This is the official Little League baseball score sheet. It has 
been filled out to show the events of a game. 

double, "SB" for stolen base, "K" for strikeout, and so forth. There are 
fifteen such a lphabetic symbols that describe batting events. (See figure 
3.3.)5 Seven symbols encode field events ("ETH-" for throwing error, "U" 

for unassisted play, "DP" for double play, etc.). Numerals 1-9 describe 
the field positions (1 for pitcher, 2 for catcher, 3 for first base, etc.). To 
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Abbreviations 

IB Single 
2B Double 
3B Triple 
HR Homerun 
R Run scored 
RBI - Runs batted in 
BB Base on balls 

Batting examples 

SA Sacrifice 
SB Stolen base 
K Strikeout 
F Ayout 
P Pop fly out 
U Unassisted play 
DP Double play 

Home run Base on balls Strikeout 

��� 
Keep traCk� Mark outs 
of strikes with a 1 or 2 
and balls 0 in the circle 
with slash 
marks RBI s 0 

At the end of an inning, mark a double 
line diagonally at the bottom right 
corner of the appropriate box. 

Figure 3.3 
Scorekeeper's Helper. This form enumerates the objects and actions of a game to 
remind scorers of the appropriate sy mbols to use. 

record outs, the numbers of the fielders involved in the play to make the 
out are combined with the type of ball hit; for example, a man on first 
double play where the batter hits a ground ball to the third baseman is 

encoded "DP, 5-4-3." A fly ball to left field is recorded as "F-7." 
In addition to the alphanumeric code, the baseball scoresheet also has a 

a graphic for organizing computation. The scoresheet's overall design is a 
table with cells for each "at-bat" event. A series of marks encode various 
events. Strikes and balls are recorded by making a mark through an "S" 
or a "B" in a small grid within an at-bat cell (see figure 3.2). Lines traced 



Field positions 
I Pitcher 
2 Catcher 
3 First base 
4 Second base 
5 Thirdbase 

6 Shortstop 
7 Left field 
8 Center field 
9 Right field 
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Infield scoring examples 
To record an out, write the number of the defensive player who 
fields the ball, then the number of the player making the put-out. 

Ground ball to the infield Double play, runner on first 

Ground out 
to third base 

Ground out 
to shortstop 

First base 
makes play 
unassisted 

Batter hits 
ground ball 
to third base 

Batter hits 
ground ball 
to shortstop 
[0 end the 
inning 

through a diagram of the baseball diamond within an at-bat show how 

far the batter got, and short horizontal lines show an out. Circles within 

an at-bat are used to keep a running tally of the number of outs. When 
an inning is over, the scorekeeper puts a large "X" through the at-bat cell 
of the player who will bat next when the team is up again. The scoresheet 

table also has areas for displaying the computed statistics (runs, hits , runs 

batted in, men left on base, earned runs, etc. ) , documentation ( see the 

bottom of figure 3.2) and space for official certification (the names of the 

umpires and scorer, date, time, etc.). 

That the baseball scoresheet notation is easily learned by ordinary peo­
ple is evident from its use all over the United States by parents of Little 
Leaguers who are drafted to score their children's games. At Major League 
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baseball games, many fans bring scoresheets with them and score the game 

as it proceeds, strictly for fun. The baseball scoresheet is something very 

like a paper form of a user programming system: a set of data (the events 

of the game encoded on the paper form) can be processed by applying 

the relevant formulas (such as computing averages, or adding up runs) to 

make the appropriate calculations. The human has to stand in as proces­

sor to perform the calculations, but the scoresheet provides the means by 

which the data are input, organized for processing, and then output as 

calculations displayed on the scoresheet. 

Knitting patterns look remarkably like computer programs. Providing 

a description of how to knit a garment or household article involves the 

use of constructs familiar to programmers: modules of instructions, sub­

routines, global variables, means for specifying conditions, and iteration. 

For example, the following is a module of the instructions for knitting the 

"Anchors Aweigh Aran Afghan" (Cozy Afghans, 1989).6 
DRUNKEN SAILOR CABLE 
Worked on 12 sts. 

NOTES: Front Cross (FC): Slip 2 sts to cable st holder and hold in front, 
k2, then k2 from holder. Back Cross (BC): Slip 2 sts to cable st holder 
and hold in back, k2, then k2 from holder. Increase (inc): Purl into front 
and back of same st. 

ROW 1: (right side) P6, k4, p2. 

ROWS 2, 4 and 6: K2, p4, k6. 

ROW 3: P6, FC, p2. 

ROW 5: P4, p2 tog, k4, inc. pI. 

ROW 7: P5, FC, p3. 

ROW 8 and all subsequent wrong side rows: Knit all knit sts and purl sts. 

ROW 9: P3, p2 tog, k4, inc, p3. 
ROW 11: P4, FC, p4. 

ROW 13: P2, p2 tog, k4, inc, p3. 

ROW 15: P3, FC, p5. 

ROW 17: P1, p2 tog, k4, inc, p4. 

ROW 19: P2, FC, p6. 

ROW 21: P2, k4, p6. 

ROW 23: P2, BC, p6. 

ROW 25: P1, inc, k4, p2 tog, p4. 

ROW 27: P3, BC, p5. 
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ROW 29: P2, inc, k4, p2 tog, p3. 

ROW 31: P4, BC, p4. 

ROW 33: P3, inc, k4, p2 tog, p2. 

ROW 35: P5, BC, p3. 
ROW 37: P4, inc, k4, p2 tog. pl. 

ROW 39: P6, BC, p2. 

ROW 40: K2, p4, k6. Repeat rows 1 through 40 for pattern . 

This module of the pattern defines a program for executing the Drunken 

Sailor Cable that includes: defining subroutines for Front Cross (FC) and 

Back Cross (BC); specifying the condition under which the instructions at 

ROW 8 are executed (when the row is a wrong side row); and specifying 

the number of iterations needed to complete the module. The pattern 

contains nine other modules ("Anchor Stitch," "Little Waves Pattern," 

etc.) to make the complete afghan. 

In addition to the instructions contained within each module, the pat­
tern also establishes " global variables" for the gauge of the stitches: 

GAUGE: 4 sts = 1 inch over stockinette st and garter st. 

32 sts of Anchor Stitch = 8 inches. 
1 9  sts of Little Waves Stitch = 4 inches. 

12 sts of Drunken Sailor Cable = 2 inches. 

10 sts of Cable = 2 inches. 

The knitting instructions have several important similarities to the base­

ball scoresheet: a great deal of information is contained within a terse 

set of instructions; the instructions (while appearing incomprehensible to 

non-knitters) are accessible to any ordinary person who decides to learn 

to knit; and, just as the filled-out scoresheet records the way a game un­

folded, the knitting instructions provide a permanent record of the way 

the task of knitting an afghan unfolds, al lowing an afghan of the same pat­
tern to be produced by anyone anywhere, if the instructions are followed 

correctly. 

End User Programming Should Be Fun 
In addition to being useful, formal systems have an appeal all their own; 

people naturally gravitate to them. Games are perhaps the clearest ex­

ample of the way we spontaneously engage in interaction with formal 

systems.7 
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There is generally no utilitarian value in a game (though some do man­
age to earn their living by leveraging the love of formal pursuits their less­
skilled fellow humans indulge), yet we happily spend hours playing games 
and often learn extremely complex rules so that we can play them better. 

Part of the attraction of game playing is the pleasure of mastering a 
difficult skill. But there is also a satisfaction in knowing and playing by 
the rules. This is most evident when watching, rather than playing, games, 
because now skill ma'Stery is irrelevant. In spectator sports, or games 
such as chess, for example, audience participation in the game lies in the 
enjoyment derived from understanding how the game is played and in 
seeing the way the players take action within the strict limits of the rules 
of the game.8 

An example of the sheer entertainment value of simply knowing the 
rules is illustrated by a commercial sponsored by IBM during televised 
sportscasts in which viewers are invited to play a game-about-the-game 
called "You Make the Call." The commercial shows a clip from a former 
game of a play that involves a tricky judgment, (e.g., under the circum­
stances, was the ball in play?, did the runner score?) and the viewer is 
asked to "make the call." To "win" you must have knowledge of eso­
teric rules of the game to determine how the call should have been made. 
The commercial opens with the posing of the question, then switches to 
the real commercial advertising IBM products, then returns to give the 
answer revealing the correct call. For many people , this kind of problem 
solving-which demands knowledge of a set of formal elements and rules 
about their relations-is a relaxing leisure time pursuit, a kind of "for­
mality for fun." In questions involving games there is, very satisfyingly, 
an unambiguously right answer. 

End user programming can be fun too. In the spreadsheet study, one of 
the pleasures of having done the research was to frequently hear people 
who have never taken a computer science class describe their work with 
spreadsheets as "fun." A cynic with tongue-in-cheek remarked to me that 
perhaps this is the most fun accountants can have, but it is safe to say 
that most designers would be happy to have millions of satisfied users 
enthusiastically and productively using their product. 

We have considered some formal languages that are routinely used by or­
dinary people in everyday life. Some of the notations that encode these lan-
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guages have much in common with computer languages, and yet they are 
indisputably used by people one would not ordinarily consider "techni­
cal." These examples show that ordinary people unproblematically learn 
and use formal languages and notations in everyday life. Now we must 
ask how this insight can be applied to the design of end user computing 
languages. In particu lar, we must ask what it is about these languages and 
notations that makes them so accessible. 

FORMAL LANGUAGES FOR END USERS 

To be application developers, end users need programming languages, 

just as professional programmers do. But the use of formal computing 
languages has been restricted, for the most part, to those willing to de­
vote considerable time and energy to their study. We have argued that 
people  are adept at learning formal systems and notations. If that is true, 

why then, have so many people had so much trouble learning conven­
tional programming languages? The answer is that it is only when people 
have a particular interest in something, such as knitting or baseball, or 
producing budgets or designing printers, or simulating the behavior of 
clown fish or honeybees, that they readily learn the formal languages and 
notations that describe the elements and relations of the system of in­
terest. It is the infusion of interest that enables a housewife who failed 
high school math to take a sewing pattern, alter it (which involves going 
from 2-space to 3-space and understanding the conventions of the sewing 
pattern to make the correct adjustments), and create a perfect garment. 

Taking an interest means that an otherwise arithmetically disinterested 
baseball fan can understand how to compute RBIs, ERAs,9 batting aver­
ages, and a whole host of other baseball statistics, and he can remember, 
to a detailed level, the statistics associated with different players spanning 
many years. For the sports fan, these activities do not depend simply on 
knowing elementary arithmetic, though that is involved, but rather on un­
derstanding the formal semantics of what constitutes an RBI or an ERA 
(or whatever statistic) and taking a hearty interest in doing so. 

People are likely to be better at learning and using computer languages 
that closely match their interests and their domain knowledge. This should 

not be surprising; an important thread of work in cognitive psychology has 

demonstrated that people perform better at cognitive tasks when the con-
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tent of the problem is in a familiar domain (Price-Williams, 1962; Wason, 
1966; Johnson-Laird and Wason, 1 970; Wason and Johnson-Laird, 1972; 
Cole and Scribner, 1 974; D'Andrade, 1989). For example, Price-Williams 
(1 962) conducted a series of experiments with children in Nigeria to de­
ter mine the effect of familiar materials on the task of classification. The 
children were able to successfully classify plants and animals-with which 
they were very familiar from their everyday experience-into appropri­
ate groupings. However, they did poorly on classification tasks involv­
ing pictures of triangles, circles, and other idealized geometric forms with 
which they were unfamiliar. Wason and Johnson-Laird performed a series 
of experiments in which people were given reasoning problems that were 
logically equivalent, but differed in content (Wason, 1966; Johnson-Laird 

and Wason, 1970; Wason and Johnson-Laird, 1972). People consistently 
performed better at problems couched in familiar terms; for example, 
people were able to solve a logic problem involving cars and trains much 
more readily than a more abstract number-letter version of the same prob­
lem. Uohnson-Laird, [ 1983] went on to create a controversial explanation 
for these results involving people's putative use of "mental models," but 
whether we accept the notion of menta l models or not, the experimental 

results are interesting and useful in themselves.) D'Andrade (198 9) sum­
marizes other such experimental findings. Gardner ( 1 9 85) nicely pulls out 
the main contribution of this line of research: 

The soundness, the speed, and the complexity of the reasoning that individuals 
exhibit seem primarily a function of the degree of familiarity and organization 
of the materials being processed, rather than a function of any special or general 
ability of the person doing the reasoning. And so there are appreciable differences 
in how a given person can reason about different topics, topics that, from a formal 
point of view, call upon the same degree (and even principles) of logical expertise. 
(Gardner, 1985) 

Thus it is not surprising that users who reject conventional program­
ming languages-which do not draw upon a familiar well of domain 
knowledge or interest for most people-may do very well at learn ing 
spreadsheets , CAD systems, statistical packages, and other task-specific 
programs. A key to understanding end users' interactions with computers 
is to recognize that end users are not simply underskilled programmers 
who need assistance learning the complexities of programming . Rather, 
they are not programmers at all.They are business professionals or sci­
entists or librarians or teachers or other kinds of domain specialists whose 
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jobs involve computational tasks. As the introduction to Advanced Tech­

niques in AutoCAD states, "This book assumes that you are a drawing 
professional, more interested in maximizing your use of AutoCAD than 
in becoming a professional  computer programmer" (Thomas, 198 8). The 
design of end user programming languages should take into account users' 

interests, knowledge, and motivation, and their relationship to the com­
puter, which is generally task-oriented. 

The conclusion to draw from our observation that people learn formal 
languages unproblematically in familiar domains, when they are prop­
erly interested and motivated, is that end user programming languages 
should be task-specific. Language primitives should map to tasks in the 
domain the user understands. Task-specificity has two advantages: ( 1) it 
affords users ready understanding of what the primitives of the language 
do (because they already kllow them from their task domain), and 
(2) it eases application development hecause users can directly express 
domain semantics in the high-level operations of the language-there 
is no need to string together lower-level operations to get the desired 
behavior. 

When end users attempt to learn programming languages that are not 

task-specific and do not have familiar primitives, many have serious dif­

ficulties. Lewis and Olson (1987) studied the problems end users have 

with conventional programming languages, and they identified working 
with low-level programming primitives as one of the major barriers to 
programming. They reported that users have difficulties both in learn­
ing the unfamiliar primitives themselves and then in learning how to 
assemble the primitives into functioning programs. Programming with 
low-level primitives is difficult for end users because the primitives are 
unrelated to the tasks and concepts they understand ("char"" or "cons" 

are not exactly familiar concepts from the everyday life world). In ad­
dition, "It is hard to see what combination of primitives will produce 
the correct task-related behavior" (Lewis and Olson, 1987; see also Du 
Boulay, 198 9; Spohrer and Soloway, 1989). Without the motivation of 
wanting to become professional computer programmers, many end users 
get discouraged at the amount of work necessary to master a conventional 
programming language, and they discontinue study. Others never even try 

to learn; they have heard enough from those who have tried to avoid the 

subject altogether. 
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Our basic argument is that the problem with programming is not pro­
gramming; it is the languages in which people are asked to program. 
The difficulty for end users has been that, for the most part, we have 
not developed the right formal languages to meet their needs. In a few 
cases, when we have developed such languages, end users have been spec­
tacularly successful in programming their own applications . The well­
known success stories are spreadsheets (Kay, 1984; Hutchins, Hollan and 
Norman, 1986; Lewis and Olson, 1987; Arganbright, 1986; Nardi and 
Mil ler, 1990; 1991; Nardi and Zarmer, 1991), CAD systems (Petre and 
Green, 1991; Gantt and Nardi 1992; Tee, 1992), statistical packages, and 
programs such as Mathematica. Stephen Wolfram, the inventor of Math­
ematica, has remarked, "Mathematica's success is based on a trick. Intro­
ducing a new [programming] la nguage doesn't work ... but people will 
embrace what looks like a useful new application in itself." The source 

of the success of the formal end user programming languages in these 
software systems is that the language primitives are the application-level 
primitives with which users are already familiar. A mathematician, in a 
broad sense, already knows Mathematica, an accountant already knows 

Lotus 1-2-3, a statistician already knows SPSS. 
The idea of task-specific programming languages for end users is not 

new. In 1967, James Martin envisioned that users would have available 
many " problem-oriented" computer languages: 

Much of the development in the years to come will probably be in the area of lan­
guages, especially languages for on-line use. Now [that] we have this immensely 
powerful tool available to us, it is important to extend its use to the maximum 
number of people. We must develop languages that the scientist, the architect, the 
teacher, and the layman can use without being computer experts. The language 
for each user must be as natural as possible to him. The statistician must talk 
to his terminal in the language of statistics. The civil engineer must use the lan­
guage of civil engineering. When a man learns his profession he must learn the 
problem-oriented languages to go with that profession. (Martin, 1967) (emphasis 
in original) 

The widespread use and success of spreadsheets, statistical packages, 
and CAD systems postdate Martin's statement of the idea of problem­

oriented languages. They are a tribute to his prescience, and his under­
standing of the needs of end users. An important part of Martin's vision, 
however, has not yet been realized: the easy ava ilability of end user pro­
gramming systems for smaller niches of users whose computi ng needs 
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are more specialized than, but just as important as those of systems that 
command large markets. Task-specific programming languages and en­

vironments that would al low users who do not belong to vast market 
segments to create their own appl ications have not yet been developed, 
except as expensive and relatively inflexible custom solutions to specific 

problems for specific users. 

THE SPREADSHEET FORMULA LANGUAGE 

The spreadsheet formula language is an example of the kind of task­
specific end user programming language we are advocating.lO It is ex­

pressive and easy to learn and use. We examine the formula language 
here as an exemplar for other task-specific programming languages that 
can be developed for users in other domains, with other tasks . To start, 
let's look briefly at the expressivity of spreadsheets. 

Expressivity 
Spreadsheet users create an impressive variety of surprisingly rich and 
sophisticated applications (Nardi and Miller, 1990; 1991). Spreadsheets 

allow users to program complex applications that establish many rela­
tions between entities within a large problem space. In the spreadsheet 
applications that we collected as part of our study, we found many com­
plex models expressive of rich domain semantics. To provide an example 
of this complexity, we have annotated, with arrows, a typical spreadsheet 
application to show the dependencies among cell values that model the 
user's problem (figures 3.4 and 3.5). (This is an actual spreadsheet from 
our study; identifying details have been changed.)  This spreadsheet is ex­
pressive of a great deal of rich domain knowledge, but its complexity 
lies in the relationships between entities in the domain itself-not in the 

programming needed to create the formulas that model the relationships. 
The relations modeled in this spreadsheet are expressed entirely within 
the formula language. It is possible to express rich relational semantics 
within a spreadsheet because the spreadsheet formula language provides 
high-level, task-specific programming primitives, accessibility, and simple 

but useful control constructs. We look at each of these key features of the 

spreadsheet formula language in turn. 
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BogusCo, International 
Changes In Working Capital 
FY 88 

Balance Balance Total Net 
Sel1-87 Difference Sel1-88 Change Translation 

Short term Investments 1,000 248 1 ,248 248 0 

Receivables 85,626 2 ,786 88 ,4 12 2 ,446 340 

Inventories 54,460 (4,862) 49 ,598 (5 ,343) 481 

Prepaid Expenses 1,373 62 1,435 61 I 
Deferred Income Taxes 1,949 3,932 5,881 3,932 0 

Total Current Assets 144[408 2,166 146,574 1 ,344 822 

Bank Notes Payable (25,937) 1 ,779 (24[158) 1,869 (90) 
Current Portion LTD (1,838) 1,205 (633 ) 1,187 18 
Trade Accounts Payable (8 [ 0 1 2) 432 (7[580 ) 413 19 
Olher Accrued Expense (21,314) (6[089) (27,403) (6,206) 117 
Warranty Reserve (6,941 ) (157) (7,098) (133) (24) 
ROJNDING 111 1 1 

Total Current Liabilities (64,043', (2,829) (66,872) (2 , 87 0 ) 41 

TOTAL 80,365 (663) 79,702 (1,5261 863 

Notes Payable 1,779 1,869 (90) 
Long term Debt 1,205 1,187 18 
Other WC {3,6471 (4,582] 935 

Total {6631 (1,5261 863 

Other WC (3,647) (4 , 582 ) 935 
Minority interest 804 804 

Total Other WC (2 ,843) (3 , 778 ) 935 

Other accrued expenses -6,20 6  
Minority interest 804 
Net other accrued expenses -5,40 2 

Figure 3.4 
A typical spreadsheet application collected in the spreadsheet study, Identifying 
details have been changed. 

High-level, Task-specific Programming Primitives 

The spreadsheet formula language allows users to compute values in their 

models by expressing relations among cell values, To use the formula lan­

guage, the user must master only two concepts: cells as variables and 

functions as relations between variables. With relatively little study, the 

user acquires the means to solve the basic computational problems of any 
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Total Current Assets 

Bank Notes Payable 
Current Portion LTD 
Trade Accounts Payable 
Other Accrued Expense 
Warranty Reserve 
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Notes Payable 
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Other WC 
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Figure 3.5 
The same spreadsheet with annotations showing model relations 

modeling task: creating entities that represent the variables in the problem 
and expressing relations among the entities. The formula language offers 

arithmetic, financial, statistical, and logical functions. Most spreadsheets 
also offer simple database functions, date and time functions, and error­
trapping functions. In our study we found that most users normally use 
fewer than ten functions in their models; typically these include the ba­

sic arithmetic and rounding functions. (Imagine being restricted to ten 
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functions in C or Lisp.) Even with such a small, easily learned number of 
operations, users can create the kind of complex spreadsheet of figure 6. 

Spreadsheet users are productive with a small number of functions 
because the functions are high-level, task-specific operations that do not 
have to be built up from lower-level primitives. General programming 
languages are composed of a fairly large number of primitive functions 
and constructs because if you know how to combine them correctly, you 
can write an amazing variety of programs. The spreadsheet formula lan­
guage, on the other hand, offers a smaller number of primitives that map 

directly onto operations that users within a specific range of applications 
need, such as taking averages, rounding numbers, and the basic arithmetic 
operations. For example, spreadsheet users do not have to know how to 
string together a series of functions to perform an operation such as "av­
erage," which is offered as a direct operation needing only its arguments. 
They do not have to declare data types; with so few primitives, only a few 
data types are possible. The formula language has much less flexibility and 
generality than a general programming language, but the learning curve 
is flatter, and the basic operations accomplish tasks that users want to do. 

What this means is that task-specificity affords not only familiarity, 
with its associated benefits, but also simplicity and rapid development. 
The spreadsheet formula language is simple not just because everyone 
knows how to add and subtract and take averages (a statistical package 
might be just as simple for statisticians, but have primitives unfamiliar to 
most people), but because adding and subtracting and taking averages is 
what accountants, financial planners, and other kinds of spreadsheet users 

do. Their work is made simple by having the correct primitives ready-to­
hand. There is no need to string together lower-level primitives; the prim­
itives already do what needs to be done. There is also no need to allocate 
memory, make up variable names (cells are named by their position in the 
grid), include files, or do any number of tiresome programming chores 
necessary in other languages. For example , to sum eight values adjacent 
to one another in the spreadsheet table, the user writes: SUM(Cl..C8). In 
a conventional language a special SUM operation would have to be cre­
ated out of the addition operator to do this. Most likely, the user would 
also have to allocate memory, create variable names, declare datatypes, 
and so forth. The spreadsheet user has direct access to the primitives of 
the language and can write formulas without having to descend to a lower 
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conceptual level at which issues relevant to the computer itself, but not 

the user, must be dealt with. 
It is very important from a motivational standpoint that users attain 

early success with the system they are using (Warner, 1990; Nardi and 
Miller, 1 991) .  It is not enough to say that users need systems that are 
"easy to use" ;  end user programming systems should allow users to solve 
simple problems within their domain of interest within a few hours of use. 

Although it is possible to complete an instructional exercise in a general 
programming language after a few hours of work with the language, the 
student is a long way from the completion of a real application. Just the 
opposite is true with spreadsheets-after a small investment of time, the 
beginning spreadsheet user has a functioning program of real use, not just 
a toy program or completed exercise. The spreadsheet user's first efforts 
yield a complete application, rather than the partial solution that would 
result from trying to write the same application in a general programming 
language. Users do not have to learn every feature of a programming 
system in such a short time ( in fact, as we will argue later, that would not 
be desirable ) ,  but they must be able to get some real work done and attain 
a sense of accomplishment and success. The "having to know everything 
to do anything" syndrome has stopped many a student of conventional 
languages, and it is a pitfall we should assiduously avoid in designing end 
user programming languages. 

As users become more proficient at using spreadsheets, they learn more 
advanced programming concepts such as relative and absolute cell refer­
ences, controlling the order of operations, and more sophisticated ways 
to copy, move and load data . Knowing the more advanced concepts is im­
mensely useful, but we want to emphasize that they are not necessary for 
beginning users building simple spreadsheets. Spreadsheets allow users to 
perform useful work with a small investment of time and then to go on to 
more advanced levels of understanding as they are ready. In our research, 

we found that users often add new programming concepts to their reper­

toire very slowly, a ll the while being very productive spreadsheet users 

(Nardi and Miller, 199 1 ) .  

Accessibility 
The spreadsheet formula language is accessible because its task-specific 
operations are a lready familiar to users with applications requiring nu-
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meric manipulation. In addition, users can invoke the operations without 
having to do the tedious non-task/domain-related activities required in 
general programming languages such as declaring data types, including 
files, naming variables, "making" the system, and compiling. Being free of 
the tedium of low-level programming minutiae allows users to concentrate 
on the problem at hand, to be engaged with the problem-solving semantics 
of the application itself. 

This kind of engagement, both in terms of having access to task-specific 
operations and freedom from low-level programming details, is true "di­
rect manipulation" ( see Shneiderman, 1 983 ;  Hutchins, Hollan, and Nor­
man, 1 986) .  It has nothing to do with input devices or user interface 
techniques; such engagement is much deeper, manifesting itself in the very 

foundations of the semantic design of the software system. The earliest 
spreadsheets ( such as VisiCalc and early versions of Lotus 1 -2-3 )  were 

ghastly by today's user interface design standards (obscure command 
names, completely text-based, etc . ) ,  but they were immediate successes 
with ordinary end users who recognized in them the high level of support 
for their own problem-solving tasks. 

Control Constructs 
Many empirical studies of novice programmers have found that begin­

ning users often have great difficulty understanding control constructs in 
programming languages (Lewis and Olson, 1 987; Hoc, 1 9 8 9; Kahney, 
1989; Kessler and Anderson, 1989; Spohrer, Soloway and Pope, 1989 ) .  
Because program control is so  central to  accomplishing anything with a 
programming language, an immediate barrier has been thrown up, in­
hibiting the user's progress and creating a seriously demotivating force as 
the user tries to learn to program. 

Spreadsheets eliminate this barrier by providing greatly simplified con­
trol constructs. Spreadsheets give users the power needed to write con­
ditional statements, to iterate operations, and to maintain dependencies, 
but with little programming effort and with conceptual simplicity. The 
key to providing program control for end users seems to be keep control 
constructs simple (see Du Boulay, 1 9 8 8, on simplicity) .  

A conditional in  a spreadsheet formula might look like this: 

IF(B12 > 1 00, B12, 1 00) 
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In this formula, if the value in cell B 1 2  is greater than 100,  then return the 
value of the cell, otherwise return the value 1 00. Conditionals can also 
be nested within formulas. Any formula, number, string, or cel l  reference 
can appear as a condition, and a result can be either a number or a string. 

A conditional in a spreadsheet formula is easy to understand because 

it does not transfer control from one part of the spreadsheet to another. 

Its effects are local to the individual cell; the user can keep track of its 

effects because they do not ramify throughout the program. Thus a major 

source of potential complexity is avoided, while at the same time the user 

has the flexibility to set up local conditions. 

In our study, users made frequent use of conditionals, including nested 

conditionals. "Jennifer," for example, a competent but not unusually so­

phisticated spreadsheet user, describes her formulas as "simple,"  even 

though she uses nested " ifs " .  

Interviewer: Okay, and the formulas that you have used, are they com­

plicated or simple or both ? 

Jennifer: Ah, to me they are simple. I'm aware that there are other [func­

tions] out there that I haven't used that I would like to learn to use, but 

usually, j ust, well, I use a lot of "if" statements . . . .  And that's probably 

one of the most complex ones I do. I've had " if" statements that have 

had eight " ifs" in them. 

Iteration in spreadsheets is also simple, especia lly in terms of program­

ming mechanics. Users can select a range of cells over which to iterate 

an operation. (A range is a rectangular block of cells . )  Returning to our 

summation example, SUM ( C l . .C8) ,  the user writes a simple formula that 

specifies the sum operation and the cells that contain the values to be 

summed. The cell range is specified compactly by its first and last cell; for 

example, SUM(Cl . .C8) sums cells 1 to 8 in column C. The range could 

also be selected from the table itself with the mouse or cursor keys. In a 

conventional programming language, computing this sum would require 

at least writing a loop iterating through elements of an array, and estab­

lishing and naming a loop counter and summation variable. Spreadsheet 

functions obviate the need to create variable names and to create interme­

diate variables to hold results-non-task-related actions that many users 

find confusing and burdensome (Lewis and Olson, 1987 ) .  Instead, the 
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user writes a simple formula that specifies the sum operation and the cells 

that contain the values to be summed. 
Another form of iteration in spreadsheets is copying formulas (Sa­

janiemi and Pekkanen, 1988).  When a formula is copied from one cell 
to another, its cell references are automatically changed so that the new 
formula's cell references are relative to the new cell ( unless the user has 
specified an absolute cell reference) . 

Perhaps the most important source of control in spreadsheets is the 
managing of the dependencies between cell values . Users' formulas con­
tain an implicit flow of control as any arbitrary cell can be related to any 
other. When a value in one cell changes, it may trigger a series of changes 
in dependent cells. This is the very basis of the spreadsheet's function­
ality, and it is quite powerful. Users can begin by building simple cell 
relations and move on to more elaborate models as their knowledge ex­
pands. In spreadsheets the mechanics of managing cell dependencies and 
their updates are completely taken care of by the spreadsheet itself-no 
programming effort at all is required on the part of the user. An impor­
tant aspect of program control has been completely encapsulated by the 

spreadsheet, giving users the power of establishing and maintaining de­

pendencies but requiring no low-level programming to accomplish these 
tasks. The user declares dependencies, and the spreadsheet provides the 
machinery to create them. Managing dependency relationships is a partic­
ularly good example of the way in which an end user programming system 
can allow users to focus on their domain-related problems at a very high 
level. Users need not go without sophisticated means of program con­
trol, but they themselves do not have to do the lower-level programming 
necessary to have them. 

Spreadsheets, then, offer a set of very useful control structures­
conditionals in formulas, iteration over cell ranges, and the modeling 
of cell dependencies through one-way constraints. But these control 
constructs are characterized by conceptual clarity and simplicity in terms 
of required programming effort. There is some programming to be done 
by the user, but much of the lower-level programming has been taken care 

of. The lesson to be drawn from spreadsheets is that control structures 

should be kept straightforward and simple. Where there is complexity, 
as in managing dependencies, the system should do as much as possible, 
leaving users only the task of understanding dependencies at a high 
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semantic level. Spreadsheet control structures enable users to capture 

complex doma in relationships expressed through conditions , iteration, 
and constraints, but at a low programming cost. 

The Textual Nature of the Formula Language 
Spreadsheets provide a visual programming framework that organizes 

computation, as we discuss at length in chapter 4. For the present, we 
want to point out that the formula language itself is entirely textual. 

Though several lines of research on end user programming proceed from 
the assumption that graphical techniques such as as visual programming 
(Chang, Ichikawa , and Ligomenides, 1 986; Chang, 1 9 90; Eisenstadt et 

aI . ,  1 990; Ladret and Rueher, 1 9 9 1 ) and program induction (Maulsby, 
Witten, and Kittlitz, 1 989; Myers, 1 99 1 ) will provide significant leverage 
to end users, we question whether graphics per se is really the key to 

user programming languages . A limited language of high-level functions 
is more important than the particular form the language takes . The 

languages in statistical packages and programs such as Mathema tica , as 

well as CAD macro languages and CAD extension languages such as 
AutoLISP, are purely textual. In the spreadsheet study, we asked users 

to discuss the disadvantages of spreadsheets. Not one user mentioned 
difficulties with the formula language (though users had other specific 

compla ints about spreadsheets) .  Syntax is often suggested as a problem 
area in textual languages , but in our study users reported that syntax 
errors were few once they were familiar with a spreadsheet. Users 

noted that, in any case, most such errors are immediately caught by 

the spreadsheet itself, which will not permit poorly formed formulas. 
Proper syntax checking appears to be sufficient to enable users to cope 
with syntax errors .  Textual languages are compact, efficient, and can be 

developed in less time than graphical languages . These are significant 

advantages that should be considered in the development of end user 
programming languages. 

The combination of attributes in the spreadsheet formula language strikes 
a fine balance between expressivity and simplicity. The formula language 

provides a limited set of carefully chosen, high-level, task-specific op­
erations that are sufficient for building applications within a restricted 

domain and a set of simple but useful control constructs. The operations 
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and control constructs in spreadsheets are ready-to-hand; they do not re­

quire lower-level programming chores such as memory a llocation, but are 

available at the highest level, so that users map them directly to their tasks. 

With spreadsheets, users have sufficient means to model their problems, 

but at a very attractive price in terms of programming effort. 
The ability to create applications with only a few functions is an impor­

tant benefit of spreadsheets that cannot be overemphasized . This pattern 

of the usage of a smal l  number of constructs is not unique to spreadsheets : 

it has also been observed among CAD users (Tee, 1 992 ) and UNIX users 

(Greenberg and Witten, 1 9 8 8 ) .  Users have specific tasks to accomplish 
within their domain of interest. They want functionality that matches 
those tasks at a high level such that they do not have to either learn or 

use lower-level primitives . Task-specific functions allow users to develop 
quick facility with a program and to bui ld a real application , however 

simple, in a short time. The motivational barrier is thus breached as users 

achieve rapid success . As users continue to use a program, they are not 
constantly faced with the job of stringing together lower-level functions 

as they work but can concentrate on the actual problem solving itself. 

PROBLEMS OF TASK-SPECIFIC PROGRAMMING LANGUAGES 

The task-specific language approach is not without its problems. First, 

it is expensive to build the many different task-specific languages that 
are needed for the myriad uses to which computers are put, or could be 

put. Further progress in reusable software components will be needed to 

alleviate this problem, to bring down the cost of developing task-specific 
systems . We discuss reuse more fully in chapter 7. A second possible 

problem with a plethora of task-specific programs is that  users will be 

forced to switch between many different systems , learning a new user 

interface every time. The third, and most serious, problem is that it is 
difficult to know just how specific a task-specific system should be. 

Switching between different programs implies that users will have to 
learn many different task-specific, and therefore non-standard user inter­

faces . But user interface consistency can be addressed at several levels. At 

the lowest level, it would be a good idea if every tool had a similar way of 
invoking common operations such as " quit. "  The label or command name 
for such operations should be the same for almost every application . At 
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higher levels, closer to the application itself, matching tasks and domain 

semantics become more important than blind imposition of consistency 

rules ( see Grudin, 1 989) .  For example, outlines and slides are different; 

the manner of selecting a component in an outline might well be different 

from the manner of se lecting a component in a slide. 

In addition, we can expect to find some measure of user interface con­

sistency within related applications . For example, all of the spreadsheet­

based products-across many vendors and platforms-share a basic user 

interface. In particular, they share the tabular framework in which a 

spreadsheet user works, even when operation names, syntactical conven­

tions, and other aspects of the user interface vary. There will also be 

consistency within related application families; that is, the specia lizations 

of extensible systems that evolve as users create and share applications 

within a single system such as FrameMaker,l 1 or a CAD system . For ex­

ample, FrameMaker users may create sl ide templates that provide func­
tionality specific to slides. They don't have to learn a new program to 
make slides, they can use a program with which they are already famil­

iar. When specia lizations grow out of a single basic system, the overhead 

costs are minimized because users are working within a known system. 

The notion of families of shared, specialized, task-specific applications 

holds much promise for providing both consistency and flexibility. 

Still ,  there is the question: just how specific should a task-specific lan­

guage be? Tee ( 1 992) found an interesting pattern among users of me­
chanical engineering CAD systems: users created their designs out of only 

about five geometric features that were a mix of flexible, customizable 

features, such as protrusions , cuts, and patterns, and a few more special­

ized features such as tapers, flanges, ribs, and necks. All users used the 

flexible features while the choice of specialized features depended on the 

user's domain area. A flange, for example, can be created out of a cut and 
a protrusion, so users who only use flanges once in a while preferred to 
compose the flange out of the more general features. On the other hand, 

users who routinely created parts that are injection molded or cast chose 

to use tapers because they frequently needed them (Tee, 1 992) .  

From a broad perspective, application constructs such a s  cuts and pro­

trusions are clearly highly task-specific. Looking more closely within the 

domain of mechanical design, they can be seen to be less task-specific 

than flanges, tapers, and so forth. It seems that the only way to know 
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how specific a set of program constructs should be is to study the domain 

very carefully to ascertain how tasks are broken down and performed. 

A guiding principle is that users will want to be able to create their ap­

plications with only a few basic operations, as the experience of UNIX 

users (Greenberg and Witten, 1 9 8 8 ) , spreadsheet users (Nardi and Miller, 

1 990) and CAD users (Tee, 1 992 ) shows. 

Another dimension to consider in the quest for task specificity is the 
extent to which the system is extensible. Do we want systems such as 

FrameMaker that specifically support text formatting and that can be 

specialized to support more specific applications, such as slide making, 

or do we want systems that specifically support slide making, such as  

PowerPoint? 12 The answer depends on  the particular mix of  applications 

that a user typically creates. If all a user ever does is create slides, and 
not too much flexibility is needed, then PowerPoint is a good choice. 

However, if a user does many kinds of text formatting chores and needs 
the flexibility of an extensible system, then a system such as FrameMaker 

is a better choice, all other things being equa l . Of course, all other things 
may not be equal, and the ease of use of a system like PowerPoint may 

be attractive to many users who do not want the overhead of learning 

a system such as FrameMaker, even though they might sooner or later 
benefit from its flexibility. Ideally then, what we would like are systems 

that are ( 1 )  more task-specific than general programming languages , (2) 
extensible in the way that spreadsheets, FrameMaker, and other such 

systems are, and ( 3) easy to use. 
The importance of ease of use in end user programming languages 

should not be underestimated. Systems such as HyperTalk13 and GNU 
Emacs Lisp (Stallman, 1 987)  are extensible systems with some task­
specific primitives, and yet neither has proven to be a successful end 
user language. GNU Emacs Lisp is fully extensible and contains task­
specific primitives that give users high-level access to the task semantics 
of text editing and file management. However, programming in GNU 
Emacs Lisp has never penetrated to end users; it is used by professional 
programmers. 14 This is because, despite the task-specific primitives, to 
use GNU Emacs Lisp it is still necessary to learn the Lisp substrate in 
order to get at the task-specific primitives . Now we are back to all the 
old problems of learning and using general programming languages 
described by Lewis and Olson ( 1 987) , Soloway and Spohrer ( 1 98 9 ) , and 
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others. A task-specific language such as the spreadsheet formula language 

succeeds where GNU Emacs Lisp fails because users can learn enough of 

the formula language in a few hours to create real applications . Learning 

enough Lisp to create GNU Emacs Lisp appl ications is a much more 

arduous and lengthy undertaking. 

What about HyperCard? HyperCard with HyperTalk is a compromise 

between a general programming language and a task-specific language. 

HyperTalk doesn't do everything that a general programming language 

does, but it does provide a friendlier syntax than, say, C++. Like spread­

sheets, it is interactive. But there is very little in the way of serious com­

mercial stackware. IS  To create stackware or app lications that are not 

s imple prototypes, users are faced with learning HyperTalk, which is al­

most as complex as a conventional programming language and requires 
mastering basic computer science concepts. The problem may be that 
HyperCard-like environments are actually a bad compromise: they have 

the complexity of conventional programming languages but lack their 

speed and they are not close enough to end users ' needs to provide the 

right kind of task specificity, nor are they genera l enough to be as powerful 

as a conventional  language . 

STUDYING TASKS 

Deciding how task-specific a system should be, and deciding which op­

erations constitute a fundamental layer and which an advanced layer, 

require a thorough understanding of users' tasks. The only way to ac­

quire that understanding is to intensively study the tasks a system is in­

tended to support. There are many approaches to such study, including 

traditiona l ethnography (Glaser and Strauss, 1 967),  situated action mod­

els ( Lave, 1 9 8 8 ), activity theory (Leont'ev, 1 978) ,  distributed cognition 

(Flor and Hutchins, 1 991 ),  and more narrowly focused methods such as 

GOMS modeling (Card, Moran and Newell, 1 98 3 ) .  See Nardi ( 1 992 ) 

for a comparison of situated action models, distributed cognition, and 
activity theory. Blomberg et al. ( 1 992) provide a detailed description of 

the application of ethnographic methods to design problems, as well as a 

good bibliography. In assembling a design team, a person who is prepared 

to do an in-depth study of users' tasks, especially someone with training 

in the behavioral sciences, is invaluable. 
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Brooks ( 199 1 )  argues that human-computer interaction studies will be 

most valuable to designers when they can provide ( 1 )  a broad background 

of comparative understanding over many domains, (2 )  high-level analyses 

useful for evaluating the impact of major design decisions , and (3 )  infor­

mation that suggests actua l designs, rather than simply general design 

guidelines or metrics for evaluation. To be able to provide such informa­
tion, we must develop an appropriate analytical abstraction that "discards 

irrelevant details while isolating and emphasizing those properties of ar­

tifacts and situations that are most significant for design" (Brooks 1991 ) 

(emphasis added) .  Brooks ( 1 991 ) has proposed the construction of a task 

taxonomy for comparative task analysis that would give researchers a 
framework in which to place tasks and would provide a good starting 

point from which to approach the design of a new system. It was not 

Brooks's intention to say just how to conduct the studies that will provide 
this information, but that question must be considered. 

Two approaches that seem especially appropriate for studying technol­

ogy are activity theory and distributed cognition . They are frameworks 

that will repay study for those interested in developing a principled means 
of performing task analyses. Activity theory and distributed cognition are 

briefly summarized here to give readers a sense of their conceptual rich­

ness. These approaches are useful in attempting to take into account both 

individual cognition and the social bases of cognitive activity. Thus they 
stand in contrast to traditional cogn itive science, with its focus on mental 

representations inside a single person 's head, and traditional anthropol­

ogy and sociology where analysis begins at the sociocultural level with 

scant attention to individuals . Activity theory and distributed cognition 

are evolving approaches that have by no means solved all of the problems 
of studying tasks, or technology, or anything else, but they are sophisti­

cated theoretica l frameworks worthy of our attention. 

Activity Theory 

Work on activity theory began by the Russian psychologist Leont'ev in 

the former Soviet Union in the 1920's. Activity theory is complex and can 

only be partially sketched here, but see Leont'ev ( 1 974) ,  B0dker ( 1 990),  

and Kuutti ( 1 991 ) for summaries; and Leont'ev ( 1 978 ) ,  Wertsch ( 1 98 1 ) , 
Davydov, Zinchenko and Talyzina ( 1 982) ,  and Raeithel ( 1 991 ) for more 
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extensive treatment. This discussion focuses on a core set of concepts from 

activity theory that we believe is relevant for studies of technology. 

In activity theory the unit of ana lysis is an activity. Leont'ev ( 1 974) de­

scribes an activity as being composed of subject, object, actions, and op­

erations. A subject is a person or a group engaged in an activity. An object 

( in the sense of "objective" )  is held by the subject and motivates activity, 

giving it a specific direction : " . . .  behind the object there always stands a 

need or a desire, to which [the activity] always answers" (Leont'ev, 1 974) .  

Actions are goal-directed processes that must be  undertaken to fulfill 

the object. They are conscious (because one holds a goal in mind) , and 
different actions may be undertaken to meet the same goal. For example: 

. . .  a person may have the object of obtaining food, but to do so he must carry 
out actions not immediately directed at obtaining food . . .  His goal may be to 
make a hunting weapon. Does he subsequently use the weapon he made, or does 
he pass it on to someone else and receive a portion of the total catch? In both 
cases, that which energizes his activity and that to which his action is directed do 
not coincide. (Leont'ev, 1 9 74) 

Actions are similar to what are often referred to in the human-computer 

interaction literature as tasks (e .g. ,  Norman, 1 991 ) . Activities may overlap 

in that different subjects engaged together in a set of coordinated actions 

may have multiple or conflicting objects (Kuutti, 1 991 ) .  

Actions also have operational aspects, that is, the way the action is 

actually carried out. Operations become routinized and unconscious with 

practice. When learning to drive a car, the shifting of the gears is an action 

with an explicit goal that must be consciously attended to . Later, shifting 

gears becomes operational and "can no longer be picked out as a special 

goal-directed process: its goal is not picked out and discerned by the driver; 
and for the driver, gear shifting psychologically ceases to exist" (Leont'ev, 

1974).  Operations depend on the conditions under which the action is 

being carried out. If a goal remains the same while the conditions under 

which it is to be carried out change, then "only the operational structure 

of the action will be changed" (Leont'ev, 1 974 ) .  

Activity theory holds that the constituents of  activity are not fixed but 

can change as conditions change. All levels can move both up and down 

(Leont'ev, 1974) .  As we saw with gear shifting, actions become opera­

tions as the driver habituates to them. An operation can become an ac­

tion when "conditions impede an action's execution through previously 
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formed operations "  (Leont'ev, 1974 ) .  For example, if one's mail program 
ceases to work, one continues to send mail by substituting another mailer, 

but it is now necessary to pay conscious attention to using an unfamiliar 

set of commands. Notice that here the object remains fixed, but goals, 

actions, and operations change as conditions change. As B0dker ( 1 989 )  
points out, the flexibility recognized by  activity theory i s  an important dis­

tinction between activity theory and other frameworks such as GOMS. 
Activity theory " does not predict or describe each step in the activity of 

the user (as opposed to the approach of Card, Moran and Newell, 1 98 3 ) >>  
a s  B0dker ( 1 989 )  says, because activity theory recognizes that changing 

conditions can realign the constituents of an activity. 
A key idea in activity theory is the notion of mediation (Kuutti, 1991 ) .  

Artifacts, such a s  instruments, signs, and machines, mediate activity and 

are created by people to control their own behavior. Artifacts carry with 

them a particular culture and history (Kuutti, 1 991 ) and are persistent 

structures that stretch across activities through time and space. 

Distributed Cognition 
The distributed cognition approach 

is a new branch of cognitive science devoted to the study of: the representation of 
knowledge both inside the heads of individuals and in the world . . .  ; the prop-
agation of knowledge between different individuals and artifacts . . .  ; and the 
transformations which external structures undergo when operated on by individ­
uals and artifacts . . . .  By studyi ng cognitive phenomena in this fashion it is hoped 
that an understanding of how intelligence is manifested at the systems level, as 
opposed to the individual cognitive level, will be obtained. (Flor and Hutchins, 
1991 ) 

Distributed cognition asserts as a unit of analysis a cognitive system 

composed of individuals and the artifacts they use (Flor and Hutchins, 

1 99 1 ;  Hutchins, 1 991a ) .  The cognitive system is closely tied to what 

activity theorists would call an activity; for example Hutchins ( 1 991a )  
describes the activity of  flying a plane, focusing on  "the cockpit system."  

Systems have goals; in  the cockpit, for example, the goal i s  the "successful 

completion of a flight. " (The word goal in American usage is basically like 

what activity theorists call an object in that it connotes a higher-level mo­

tive. ) Because the system is not relative to an individual but to a distributed 
collection of interacting people and artifacts, we cannot understand how 
a system achieves its goal by understanding "the properties of individual 
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agents alone, no matter how detailed the knowledge of the properties of 

those individuals might be" (Hutchins, 1 991a ) .  The cockpit, with its pilots 

and instruments forming a single cognitive system, can only be understood 

when we understand, as a unity, the contributions of the individual agents 

in the system and the coordination necessary among the agents to enact 

the goal, that is, to achieve "the successful completion of a flight ."  

Distributed cognition is concerned with structure-representations 

inside and outside the head-and the transformations these structures 

undergo. This is very much in line with traditional cognitive science 

(Newel l  and Simon, 1972) but with the radical difference that access to 

external resources-other people and artifacts-is taken to be a crucial 

aspect of cognition. Because of the focus on representations-both 

internal to an individual and those created and displayed in artifacts­

an important emphasis is on the study of such representations. Dis­

tributed cognition tends to provide finely detailed analyses of particular 

artifacts (Norman 1 9 8 8 ;  Norman and Hutchins, 1988 ;  Nardi and Miller, 

1 990; Zhang, 1 990; Hutchins, 1 99 1 a )  and to be concerned with finding 

stable design principles that are widely applica ble across design problems 

(Nardi and Zarmer, 1 9 9 1 ;  Norman, 1 9 8 8 ; 1 99 1 ) . 
The other major emphasis of distributed cognition is on understand­

ing the coordination between individuals and artifacts; that is, to under­

stand how individual agents align and share within a distributed process 
(Flor and Hutchins, 1 99 1 ;  Hutchins, 1 99 1 a; 1 99 1 b; Nardi and Miller, 

199 1 ) . For example, Flor and Hutchins ( 1 991 )  studied how two program­

mers performing a software maintenance task coordinated the task among 

themselves. Nardi and Miller ( 1 991 ) studied the spreadsheet as a coordi­

nating device facilitating the distribution and exchange of domain knowl­

edge within an organization. In these analyses, shared goals and plans, and 

the particular characteristics of the artifacts in the system, are important 

determinants of the interactions and the quality of collaboration. 

Studying Artifacts 
One of the most useful aspects of activity theory and distributed cognition 

for studies of technology is that they emphasize the important role of 

artifacts in shaping activity. Leont'ev ( 1 974 )  considered the use of tools 

to be crucial: "A tool mediates activity that connects a person not only 

with the world of objects, but also with other people. This means that 
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a person's activity assimilates the experience of humanity. "  Distributed 

cognition offers a similar notion; for example, Hutchins ( 1 98 7)  discusses 

"collaborative manipulation"-the process by which we take advantage 

of artifacts designed by others, sharing good ideas across time and space. 

Hutchins's example is a navigator using a map: the cartographer who 
created the map contributes, every time the navigator uses the map, to a 

remote collaboration in the navigator's task. 

Distributed cognition studies provide in-depth analyses of artifacts 

such as nomograms (Norman and Hutchins, 1 98 8 ), navigational tools 

(Hutchins, 1 990b) ,  airplane cockpits (Hutchins, 1 991a ) ,  spreadsheets 

(Nardi and Miller, 1 990; 1 99 1 ) , CAD systems (Petre and Green, 1 99 1 ) ,  

and even everyday artifacts such as door handles (Norman, 1 98 8 ) .  In 

these analyses, the artifacts are studied as they are actually used in real 

situations . The properties of the artifacts are seen as persisting across 

situations of use, and it is believed that artifacts can be designed or 
redesigned with respect to their intrinsic structure as well as specific 

situations of use. For example, a spreadsheet table is an intrinsically good 

design ( from a perceptual standpoint) for a system in which a great deal 

of dense information must be displayed and manipulated in a small space 

(Nardi and Miller, 1 990).  Hutchins's ( 1 991a )  analysis of cockpit devices 

considers the memory requirements they impose. Norman ( 1 98 8 )  notes 

whether artifacts are designed to prevent users from doing unintended 

(and unwanted) things with them. Petre and Green ( 1 991 ) establish 
requirements for graphical notations for CAD users based on users' 

cognitive capabilities. In these studies, an understanding of artifacts is 

animated by observations made in real situations of their use, but there is 

also important consideration given to the relatively stable cognitive and 

structural properties of the artifacts that are not bound to a particular 

situation of use. 

We are a long way from the ideal set out by Brooks ( 1 99 1 ) : a corpus of 

knowledge that identifies the properties of artifacts and situations that are 

most significant for design, and which permits comparison over domains, 

generates high level analyses, and suggests actua l designs. However, there 

is tremendous interest and activity within the human-computer interac­

tion community aimed toward the development of appropriate theoreti­

cal frameworks for the broad, context-based study of tasks, and it seems 

likely that fast progress will be made. In addition to Blomberg et al . ( 1 992) 
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and Nardi ( 1 992)  for overviews, interested readers will find the papers in 

Floyd et al. ( 1 992)  and Engestrom and Middleton ( 1 992) valuable sources 

of recent work on frameworks for studying tasks and technology. 

SUMMARY 

The purpose of this chapter has been to ask: What is the best way to com­

municate with computers so that end users can have the computational 

power and flexibility that professional programmers enjoy? We have ar­
gued that we need not eschew formal languages as being unsuited to end 

users; much everyday communication is conducted via formal systems 

and is not at al l  dependent on the conversational styles of communication 

that we discussed in the previous chapter. 

Formal end user languages may, from the user's standpoint, be textual, 

visual, tactile, or a uditory; the sensory mode in which the user operates is 

not relevant. The distinction to be drawn is between a conversational style 

of communication in which the user "talks" to the computer (whether 
through voice or typed input) in his or her native language (or, more 

realistically, a delimited subset of that language) and a style in which the 

user learns a new formal language that is much closer to the native abilities 

of the computer. The point is to find a meeting of the minds, as it were, a 

common language in which both human and computer can comfortably 

communicate. 

We must consider the motivation a person may have for doing-or not 

doing-a particular task. When people have an interest in performing 

some task, the learning and use of a formal language that describes the 

task simply becomes part of the activity of doing the task. Learning and 

use are not then problematic; for example, spreadsheet users learn the 

spreadsheet formula language because they are motivated to create models 

that establish numerical relations between the elements in their problem, 

and CAD users learn CAD macro languages because they want to build 

CAD applications. 

Experience with spreadsheets and CAD systems suggests that task­

specific languages are a way to provide programming power to end users, 

just as James Martin predicted a quarter century ago. Users who are fo­

cused on their own domain interests, and who have specific computational 

tasks to get done, are more likely to respond to a software system that 
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provides high-level functionality in their area of expertise than to tolerate 
the slow detour of a general programming language. 

We focused on task-specific end user languages as the right medium 

for end user programming. Like the spreadsheet formula language, such 
languages can be expressive and easy to learn and use. A problem with the 
task-specific approach is to determine just how task-specific a language 
should be; to some extent this depends on the circumstances under which 
it will be used. Careful study of those circumstances is necessary to achieve 
the right level of task-specificity. We suggested two theoretical frameworks 
for such study. 

While formal task-specific languages-as opposed to natural language 
conversations-seem to be the technically correct way to communicate 
with computers, there are also social advantages to this approach. For­
mal end user programming languages will be much more shareable across 
cultures than natural language user interfaces ever could be. While there 
will still be differences across different writing systems, there are many 
fewer writing systems to support than there are natural languages (not to 
mention the difficulties of getting the computer to understand any natu­
ral language ) .  Practically speaking, English has become the world's lingua 
franca, and languages written with English language conventions, such as 
the Roman alphabet and Arabic numerals, and English command names, 
menu labels, and so forth, will be usable by millions of people. Not every­
one will use English-based systems of course, and any effort to translate 

a formal computer language from one set of language conventions to an­
other will also be much easier than a para l lel effort to translate a conver­

sational user interface from one vernacular to another. Within a single hu­
man language, the vagaries of dialects, regionalisms, and speakers whose 

grammar is sometimes irregular (such as those for whom the language 
is a second language) loom as large problems for conversational human­

computer communication. Such problems do not affect formal languages 
at all. Formal languages, then, can be seen as less parochial, less ethno­
centric, and more global than a conversational style of human-computer 
communication . Formal languages provide users who have shared inter­
ests and needs, but different national or regional backgrounds, a common 

language in which to create and share applications. 



 

4 
Interaction Techniques for End User 
Application Development 

"End User Programming: Oxymoron or Holy Grail?" 

-Article by Matt Trask in Windows Magazine, April, 1992 

We have argued that task-specificity is a cornerstone of end user pro­

gramming language design. But what about visua l languages, forms-based 
programming, programming by example, programming by example mod­

ification, and automatic program generation? These techniques have been 

held out as keys to end user computing, as ways to eliminate the less savory 

aspects of programming such as obscure syntax and reams of unreadable 

text with impenetrable symbols. We argue that no interaction technique 

in and of itself is sufficient to give end users the power they need to create 

their own applications; the techniques must be embedded in task-specific 

systems that take advantage of existing user knowledge. The problem of 

end user programming cannot be reduced to one of interaction technique; 

language design must be approached semantically. 

In this chapter we examine visual languages, forms-based program­

ming, programming by example modification, programming by example, 

and automatic program generation. We assess the strengths and weak­

nesses of each technique and try to see where each can make a contribution 

to end user application development. 

VISUAL PROGRAMMING 

Visual programming systems utilize notations that are primarily visual 

rather than linguistic (i.e. encoded in words). Visual programming is dis­

tinct from program visualization, which provides facilities for viewing 
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aspects of textual programs using visual means such as icons or anima­

tion; visual programming environments, where the language is textual 

but the debugger, inspector, and so forth, may have visual elements; and 

visual text editors, which support textual programming by making use 

of visual techniques such as indenting, fonts, and color. Visual program­
ming systems are often pictorial in nature, providing icons to represent 

data and operations (e.g., systems such as LabView, HP VEE, Prographl). 

Some systems provide abstract visual notations based on diagrammatic 

representations such as Venn diagrams (e.g., objectcharts [Bear, Coleman 

and Hayes, 1989]). 

Visual programming is claimed by its proponents to represent a radical 

advance in the quest for solutions to the problems of end user program­

ming. It is claimed that visual programming offers benefits in that: 

• Pictures represent a higher level of abstraction, so no syntax is involved 
(Myers, 1992). 

• When properly designed, pictures can be understood by people regard­
less of what language they speak (Shu, 1988; Myers, 1989a; 1989b). 

• Pictures can convey meaning in a more concise unit of expression than 
text . 

• Visual languages exploit two dimensions, which can convey more infor­
mation about structure than one-dimensional text (Myers, 1989b). 

We need to take a careful look at these statements to see whether vi­

sual languages can live up to what is claimed for them. Many studies 

and product descriptions catalogue a wide variety of visual programming 

systems and enthusiastically proclaim their virtues (e.g., Haeberli, 198 8; 

Shu, 1988 ;  Domingue, 1990; Ladret and Rueher, 1991), but unfortunately 

there are few empirical studies of the actual use of visual programming 
systems. However, we will consider what the literature does say about 

visual languages. 

Visual Notations and Naturalness 

One of the strongest claims to be made about visual programming lan­

guages is that they are eminently more "natural" than textual languages­

they break through language barriers (Shu, 1988)  and avoid the need to 

learn syntax, instead revealing semantics through easily understood picto­

rial means (Myers, 1989a). These aspects would certainly represent major 

advantages for end users if they were true, but there is little support for 
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these claims, which appear to be mostly optimistic appeals to common 

sense. 

A key indication that claims to "naturalness" dissolve into nothing 

more than dogmatic assertions is that so many different programming 

paradigms avow naturalness, and yet none provides any evidence for such 
naturalness, or even says what is meant by " natural" (Green, 1990a). 

Green (1990a) points out that logic-based programming and object­
oriented programming - opposites along some important dimensions­

both claim to be "natural." Proponents of forms-based programming 
(Shu, 1984) and visual programming (see Myers, 1990b) also declaim the 
naturalness of their approach. But the empirical research , as sparse as 
it is, reveals a more complicated picture. For example, Detienne (1990) 

found that building class hierarchies with object-oriented languages is 
quite difficult; programmers have trouble making the most basic deci­
sions such as whether an entity should be an object or an attribute of an 

object (Detienne, 1990). And Green, Petre, and Bellamy (1991) show 
that we cannot take the naturalness of visual programming as a given : 

in an experiment that tested a set of representative programming tasks, 

they found that performance was better using a textual language than a 
graphical language . 

The more detailed claim that visual notations avoid the need to learn 

a syntax appears dubious. Syntax means rules of construction, and the 
need for these rules is present in any notation. Certain visual notations 

have been designed so that the icons used make it very clear how they can 
be combined (e.g., Glinert, 1989) , and this is helpful. More often, how­

ever, the syntactic rules exist at the level of the construction of individual 

statements. The use of visual notations does not, of itself, avoid the need 
to construct appropriate individual statements that can involve a number 

of parameters. The way these parameters are specified can affect the ex­

tent to which the programmer must learn a syntax. If a syntax-directed 
editor is used, that will ease the process. However, textual languages can 
also provide syntax checking (as does the spreadsheet formula language) ; 

this is not an exclusive feature of graphical notations. 

Having concluded that visual notations do not deliver miracle solutions 

in terms of naturalness or in doing away with syntax, we can consider how 

they compare with textual notations in conveying information generally. 
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Visual Qualities for Conveying Information 

One of the main arguments for the use of visual programming notations 

is that they wil l be easier for end users to read and to understand. While 

pointing to the need for more research in this area, Green (1990b) cites 

several studies (e.g., Green, 1982; Cunniff, Taylor and Black, 1986; Cun­

niff and Taylor, 1987; Curtis, 1989) that cast doubt on this assertion . A 

number of problems have been identified in the interpretation of diagrams, 

and where benefits have been seen, they do not represent quantum leaps 

in improvement (Green, 1982). In particular, it seems that the effective­

ness with which diagrams provide support to the programmer depends on 

the programming task (e.g., pure comprehension, inspecting structures, 

debugging) and on the particular style or strategies of the programmer 

(Green, 1982). In addition, many different factors are involved in the 

interpretation of diagrams and icons, including cultural background and 

real world knowledge, (Bernard and Marcel, 1984), making it difficult to 

guarantee the desired interpretation of a given diagrammatic notation . 
Petre and Green (1990) suggest that visual notations can be used effec­

tively to give programmers an overview of a program when they want to 

work at the highest levels of program structure. Similarly, relations and 

connectivity may be more easily grasped through visual representations 
than through textual representations. By contrast, Petre and Green (1990) 

highlight areas where text appears to be the best representation in terms of 
both information extraction and basic practical COncerns. These areas in­
clude annotation, the lowest level description of statements, appendixes, 

and lists. 

The work cited by Green (1990b) considered generic programming no­

tations such as flowcharts or graphical versions of textual languages. The 

extent to which visual notations can ease program understanding when 

a notation is designed for a limited application domain is not known . 

However, Myers (1989b) and Green (1990a) point out that concurrent 
programs, programs for real-time control, and programs for creat­
ing graphical interfaces appear to be good candidates for graphical 
representa tion . 

Practical Concerns 

A serious problem for visual notations is the way they use the limited 

screen space of the average PC or workstation. Myers (1989b) suggests 
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that a strength of visual programming notations is that they can use more 

than one dimension (programs can run across as well as down a screen). 

This ought to mean, in principle, that they make better use of the screen 

space available. However, there is an inherent problem with the use of 

iconic representations in that they do not support the same density of 

detailed information as a textual representation. Even small pieces of 

programs represented as icons rapidly overflow the bounds of a single 

screen. 

This is a problem because, as was discovered in the spreadsheet study, 

users prefer to see as much as possible on the screen; virtually every user in 
the study reported that an advantage of spreadsheets is the ability to view 

large quantities of data on one screen (Nardi and Miller, 1990). Users 

had a strong preference for being able to view and access as much data 

as possible without scrolling. Many users employed screen compression 

programs such as SeeMORE and WideView2 that shrink spreadsheet cells 

and fonts down to a very small size so that a large portion of a spreadsheet 

appears on a single screen. (In informal observations we have also noticed 

that many professional programmers use very small fonts so that as much 

as possible of a program appears on one screen .) 
Visual clutter is a problem with iconic visual programming systems that 

show relations via "wires" or lines. When a system achieves any complex­

ity, a plethora of lines crisscross the screen, obscuring rather than revealing 

structure. To some extent clutter may be controlled via abstraction and 

filtering mechanisms. 

In addition to the practical problems of screen real estate and visual 

clutter, graphical programming languages suffer from being difficult to 

port (because of the graphics) and expensive to develop because of the 

high cost of building the necessary editors, compilers, and debuggers 

(Myers, 1990b). 

Because the temptation to graphics is so strong, we quote a thought­

provoking statement from Brooks (1987) in which he admonishes us not 

to search for "silver bullets" in programming: 

A favorite subject for Ph.D. dissertations in software engineering is graphical, 
or visual, programming-the application of computer graphics to software de­
sign. Sometimes the promise held out by such an approach is postulated by 
analogy with VLSI chip design, in which computer graphics plays so fruitful a 
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role .... Nothing even convincing, much less exciting, has yet emerged from such 
efforts. I am persuaded that nothing will. .. . [T]he screens of today are too 
small, in pixels, to show both the scope and the resolution of any seriously de­
tailed software diagram. . .. More fundamentally, ... software is very difficult 
to visualize. Whether one diagrams control flow, variable-scope nesting, variable 
cross-references, dataflow, hierarchical data structures, or whatever, one feels only 
one dimension of the intricately interlocked software elephant. If one superim­
poses all the diagrams generated by the many relevant views, it is difficult to 
extract any global overview. The VLSI analogy is fundamentally misleading-a 
chip design is a layered two-dimensional description whose geometry reflects its 
realization in 3-space. A software system is not. 

The available empirical research does not support the more general 

claims of proponents of visual programming as far as naturalness, com­

prehensibility, or the elimination of syntax . And Myers (1992) notes that 

"visual languages do not actual ly help end users with the difficult con­

cepts of programming such as conditionals and iteration." However, some 

tasks and domains appear to be well suited to visual notations such as 

concurrent programs, or programs for real-time control (Green, 1990b). 

A key drawback of visual languages is their poor use of screen real estate; 

to some extent this problem may be alleviated by filtering and abstrac­

tion mechanisms. Of practical concern is the expense of building editors, 

compilers, and debuggers (Myers, 1990b). 

FORMS-BASED SYSTEMS 

Since at least the mid-seventies , it has been recognized that filling out a 

form is an activity familiar to and easy for users who are not trained in pro­

gramming (Thomas and Gould, 1975; Greenblatt and Waxman, 1978). 

Might not forms-based interaction techniques ease many programming 

burdens , giving end users greater computing power? 

The answer, in a nutshell, seems to be, yes-up to a point. Jeffries and 
Rosenberg (1987) provide a balanced look at the costs and benefits of 

forms-based systems, pointing out that for many applications forms give 

good access to computing resources, provided the level of task complexity 

is not too high. 

The advantages of forms-based systems are that they (1) reduce memory 

load and typing errors by providing at least some options on menus, (2) 

reduce errors by asking the user only to fill in fields rather than to construct 

programmatic statements whose syntax must be correct, and (3) provide 
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a prototypic solution to a class of problems that does not need to be 

constructed by the user from scratch (Jeffries and Rosenberg, 1987). 

However, forms-based systems lack generality, and performance de­

grades as the problem to be solved varies away from the prototypical 

solution embodied in the form (Jeffries and Rosenberg, 1987). A major 

limitation of forms-based systems is that they generally do not handle 

complex procedural tasks well. By nature they are better suited to declar­

ative representations (Jeffries and Rosenberg, 1987). 

Many forms-based systems work only for a class of problems that can 

be conceived of as a combination of a relatively small number of variables 

with associated allowable values. In FrameMaker, for example, document 
styles are constructed by filling in forms via dialog boxes (a type of form 

commonly seen in today's user interfaces) in which the user assigns values 

to the variables of interest. The number of styles that can be created is 

limited by the number of parameters offered by FrameMaker, since most 

parameters have a small finite set of discrete values. In a spreadsheet, by 

contrast, an infinite number of applications can be created (in theory any­

way, not considering memory limitations, etc.) since the user has complete 

freedom to write formulas with any number of terms, and with an infinite 

range of (numeric) values. Still, there are many applications that fit well 

within the constraints imposed by structuring a problem as the combina­
tion of a finite number of variable values, and useful applications can be 

constructed using this approach. 

Other forms-based systems such as OBE, or Office by Example (Zloof, 

1981) provide more flexibility in allowing users to create functions (called 

"triggers" in OBE) that can be invoked in other forms. For example, a 

trigger might specify that budget amounts be checked on a daily basis for 

all managers, and if a manager exceeds her budget, a message should be 

sent to inform the manager. (See figure 4.1.) Notice that the definition of 

the trigger involves a condition, E > B, such that the user is writing a 

programmatic statement, not simply filling in a field with a fixed set of 

permissible values. In OBE, a forms-like user interface is preserved, but 

users are in fact writing executable statements that can be invoked from 

other parts of the program. 

A potential problem with forms-based programming of the OBE variety 

is that, like the graphical programming systems we have looked at, forms 

are very space intensive, showing a rather small amount of information in 
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BUDGET 

TRI (DAILY) 

MESSAGE I 
Dear�: 

MGR BUDGETAMT EXPENSES TO DA TE 

M B E 

CONDITIONS 

This is to inform you thai you have exceeded your budget 
amount of � by (� - � ). Please see me regarding this mailer. 

COMMANDS 

S(TRI). MESSAGE TO � 

Figure 4.1 
Programming in Office by Example (from Zloof, 1991, with permission of the 
author) 

a relatively large space . This would tend to lead to difficulties if users were 

writing complex programs in which they needed to see a large chunk of 
the program at once, to check for flow of control problems, for example, 

or to get an overview of the program's functionality. 

Computer-based forms must be well designed; in particular, it is easy 

to lose useful perceptual cues that readers exploit in reading paper forms 

(Nygren et ai. , 1992). In a study of the use of forms by physicians, Nygren 

et al. (1992) found that "The mere thickness of the bundle of papers gave 

an immediate indication of the case, [e.g.] 'this patient must have a chronic 

disease.' Yellowing of the paper and the kind of typewriter font used was 

effectively used to assess document age. Remembrance of position on 

page was used as an effective cue for searching for information which 

had been seen before." Nygren et al. (1992) show how the pattern of 
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filled values against a background of unfilled space provides important 

cues for the reader of the form: the differing patterns are associated with 
various patient states. 

Such cues typically disappear in computerized forms . However, with 

care, perceptual cues can be incorporated into computerized forms, as 
Nygren et al. (1992) show with their design for a form used by parts 
buyers at a Volvo factory in Sweden. The forms use color and fonts much 

as they are used in the paper forms, but more subtly (and requiring more 
work on the designers ' part); they also preserve "values in dedicated 

fixed positions," which create patterns that users recognize at a glance. 

The forms are shown in " pads " in which thickness of the pad is shown, 

indicating the size of a project. The subsections of the pad are color-coded 

to give users an overview of the types of information found in the pad . 

Forms-based systems seem most suited to relatively simple applications 
without complex procedural demands. Forms are useful where a problem 

can be readily structured as a task in which a set of variables is identified 

ahead of time, and users need only assign allowable values to the vari­
ables. The work of Zloof (1981) and Shu (1984) has shown that forms 
can be extended beyond such applications to include applications that de­

fine executable functions that can be called from within other parts of the 

program. Forms appear to be a useful mechanism for end user application 

development as evidenced by a number of appl icat ions (e.g., Zloof, 1981; 

Greif, 1982; Hayes and Szekeley, 1983; Postosnak, 1984; Shu 1984). The 

ubiqu ity of dialog boxes in today's software products also attests to the 

utility of forms. Where a good deal of procedural flexibility is wanted, 
forms will not be the best solution, but many applications can probably 
use forms for at least some tasks associated with the application. Ny­
gren et al . (1992) provide practical advice on designing forms to preserve 

important perceptual cues for forms users . 

PROGRAMMING BY EXAMPLE MODIFICATION 

Another proposal for sidestepping the problems of writing programs in 

conventional languages has been to have users modify existing example 

programs, instead of programming from scratch (Lewis and Olson, 1987; 

Neal, 1989; MacLean et aI., 1990). The idea is that the complexity and 
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difficulty of general-purpose programming can be reduced by giving end 
users a head-start with existing code, which they then modify for their 
particular applications.3 

There are two problems with this approach. First, it is not clear how 
users will find appropriate example code; for any practica l application 

of example modification, many libraries of example code wi ll have to 

be available, and the information access problems will be significant 
(see Creech, Freeze and Griss, 1991). Users will have the twin problems 
of searching for and recognizing apposite examples. Searching large 
systems is an unsolved problem, and users' lack of familiarity with the 

programming language in which examples are written would seem to 
make it difficult for users to recognize appropriate examples even if 

they were actually looking at them . Second, we think that conven­
tional programming languages, no matter how well supported, are not 

appropriate for the large population of users who lack intrins ic interest 

in computers and have very specific jobs to accomplish. These users 
should be supported at their level of interest, which is to perform specific 

computational tasks, not to become computer programmers . Thus we see 

task-specific end user programming languages, such as the spreadsheet 

formula language, as superior to efforts to ease the learning and use of 
general programming languages. 

What about programming by modifying domain-specific examples? 

This solution still does not solve the problem of having to depend on 
the existence of appropriate example code. True end user programming 
systems allow users to build a meaningful application without reliance 
on obtaining code from other more sophisticated users. No programmer 
wants to lack the skills with which to create a program from scratch, 
since that is so often necessary. If it is impossible to begin a program 
without an existing program, the user is denied real control over the 
computational environment. Also, it is not clear whether users who 
modify existing example programs could ever really come to understand 
the programs they modify. Without a firm grasp of the language in which 
the examples are written, the ability to modify a program to suit one's 
needs would seem very limited. 

There is a need to draw a distinction between programming by mod­
ifying example programs and the reuse of software modules. Reusable 

software modules are clearly desirable. CAD users extensively reuse exist-
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ing code (Tee, 1992). In the spreadsheet world there is software reuse in 

the form of templates used by groups of users (Nardi and Miller, 1991). A 

template is a framework for an entire spreadsheet in which all parameters 

and formulas have been specified and the user must fill in the appropriate 

data values. For example, a financial officer might distribute a spreadsheet 

template to the managers of the departments that report to her, so that 

she gets standardized budget reporting. 

Spreadsheet users find templates useful, but they are not dependent 

on them, and they routinely create their own applications using the 

spreadsheet formula language. We asked users what they liked about 

spreadsheets, and several users reported that they can be "creative" with 

spreadsheets, that it is "easy" to build their own models. One user 

captured a general feeling about spreadsheets in noting that he thinks 

of the spreadsheet as a "blank canvas"-a medium in which to directly 

express his own thoughts-just the opposite of an artifact created by 

someone else that must be reworked before it is of any use. 

The large variety of applications modeled with spreadsheets (Lewis and 

Olson, 1987; Nardi and Miller, 1991) does indeed suggest a blank canvas. 

Spreadsheet applications include mathematical modeling (Arganbright, 

1986), simple databases, managing small businesses, forecasting trends , 

analyzing scientific and engineering data, and of course the financial ap­

plications for which they were first intended. Users have programmed 

these diverse and sometimes sophisticated applications without the aid of 

example programs. 

PROGRAMMING BY EXAMPLE 

An innovative approach to the problems of end user programming is that 

of programming by example. Programming by example proponents argue 

that people are good at thinking concretely but less good at abstractions 

such as those involved in programming. A solution to the problem of end 

user programming, then, is to allow users to specify examples. 

In programming by example systems, the user supplies a concrete ex­

ample, through direct manipulation techniques, and the system infers or 

"induces" a program from the example by detecting a pattern in the 

user's actions. The actions might map, for example, to an operation such 

as "iterate. ,,4 
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Let's look at a typical programming by example scenario. Cypher 

(1991) sketched a scenario for his programming by example system, Ea­

ger, in which a HyperCard user wants to collect all the subject headings 

from her mail messages in a HyperCard stack and place them on one card , 

a "Subject List." She copies the subject heading from the first card to the 

Subject List . She copies the heading from the second card to the Subject 

List. By now the system has caught on that she wants all the headings 

from the stack to be entered onto the Subject List. The system performs 

this action for her. Instead of the user having to write an iterative loop 

to get all the headings onto the Subject List, the system has inferred her 

intention from the concrete actions that she took. The actions have the 

advantage of being familiar direct manipulation HyperCard operations. 

The system then writes a HyperTalk script to do the loop. 

In another scenario (from Myers, 1990a), the user creates a graphical 

object in a window. He then creates another object of the same type. He 

moves the two objects so that they are vertically aligned at  the distance 

he wishes. When the next object of the same type is created, it is properly 

aligned with respect to the first two.s 

Such scenarios have immense appeal. They hint at fulfilling the promise 

of computers as truly intelligent machines. But there are problems with 

programming by example techniques. Though they are useful for solving 

certain limited user programming problems within specific domains, they 

are unlikely to be a general solution to the user programming problem. 

What are the problems with programming by example systems? In a 

nutshell, they lack the ability to clearly express terminating conditions 

and branching-two fundamental programming capabilities; they do not 

accomodate our natural exploratory behavior; and they incorrectly dis­

tribute processing and programming effort. We discuss each of these prob­

lems in turn. 

Setting Boundaries and Expressing Conditions 

Programming by example systems have difficulty establishing termina­

tion conditions (i.e., setting boundaries for the execution of a program 

instruction) (Cypher, 1991). In our HyperCard example, what if the user 

wanted the message headings from seven different stacks, out of her total 
collection of twenty-five stacks, to be entered onto the Subject List? Would 
she have to do two iterations on each of seven stacks before the system 
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understood what she intended? In another scenario, Myers (1990a) sug­

gested that, " T he user might drag a file named 'v1.ps' to the trash can, 

and then a file named 'v2.ps,' and a [programming by example] system 

might automatically create a macro to delete all files that end in '.ps'." 

But why not delete all files starting with v? Or all files starting with v and 

ending with .ps? Or all files starting with v followed by a numeral? Or 

all files beginning with a v followed by a numeral and ending in .ps? And 

from which folders are the files to be deleted? It is as much a problem 

for the user to figure out what patterns the system might be able to un­

derstand so that he can predict its behavior as it is for the system to gain 

enough knowledge to infer the correct pattern. Cypher (1991) used this 

very example of file deletion to illustrate the boundary problem, stating, 

"A user expecting a [programming by example] system to delete all of the 

documents in the current folder would be shocked to observe it blithely 

deleting all of the documents on the disk!" The inevitable imprecision of 

generalizing from individual examples (and a small number at that, if pro­

gramming by example is not to be too tedious ) would seem to prove most 

frustrating to users trying to figure out what the system will actua lly do. 

It is difficult to imagine a robust, general programming by example 

facility for handling conditionals. What if our HyperCard user wanted 

the system to collect all the headings except headings indicating birthday 

greetings (from her recent birthday)? Or, take Myers's (1991) description 
of specifying heading styles in documents by supplying examples. The 

user creates a heading in the format he wants, and then the system applies 

the format to all other headings . Myers notes, however, that if a heading 

is too long and runs over onto the next line, the heading style specified 

by the example does not work. While under at least some restricted con­

ditions a system can reasonably be expected to detect, or be instructed 

to perform, a series of repetitive actions via the input of concrete physi­

cal actions, the situation is much more complicated for conditionals. The 

wide scope of possible conditions relevant to performing a given action, 

as well as the difficulty of instructing the system about conditions through 

concrete examples, argue against the general feasibility of programming 

by example systems supplying conditionals. We also suspect that a huge 

programming effort would be needed to supply this kind of capabi lity, 

even for very specific cases within a restricted domain. An effort of this 
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sort should consider the trade-offs of designing and implementing au­

tomatic programming capabilities versus providing task-specific ways to 

give users direct access to conditionals, such as those provided in textual 

form in the spreadsheet formula language. 
The question of supporting conditional statements via programming 

by example techniques is still, of course, open to further research. Cypher 

(1991) plans extensions to Eager that will provide conditionals. He notes 

that the interaction techniques will be different than those for specifying 

iterative actions. His future work will be of interest. 

Pattern Matching and Random Actions 
Maulsby, Witten and Kitditz (1989) discussed another set of problems 

with programming by example systems. Citing Maulsby's (1988) study 
of MacDraw users, the authors noted that" ... performing a set of graph­
ical tasks ... revealed that execution traces are riddled with extraneous 

and erroneous actions. Users not only made mistakes, but were observed 

performing experiments or simply fidgeting. The order of actions varied 

greatly within the first several iterations of loops." 

This certainly sounds like the way people actually behave! Because peo­

ple make mistakes, do things differently from one time to the next, go off 
on tangents doing experiments, and just generally fool around, induc­

tion programs have to be that much smarter to infer users' intentions. 

Maulsby, Witten and Kittlitz (1989) argue that programs can only be 
smart up to a point about human foibles, and that users must be trained 

to constrain their behavior in ways that inhibit random or exploratory 

behavior. Their "Metamouse" graphics program, a programming by ex­

ample system, trains users in techniques adapted from teaching arithmetic 
to young children. Users behave like teachers with respect to the system, 
applying techniques for "training" the system to learn what they want it 

to know. Users of the system are supposed to "adopt an intentional stance 

toward the system"; that is, they should refrain from the extraneous and 

erroneous actions Maulsby (1988) found in his study of MacDraw users. 

The idea of the "intentional stance" raises the question of how much 

we should expect users to change the way they behave in order to be able 
to use a system that is supposed to be making life easier for them. Doing 

experiments, even fidgeting to relax a bit, might be considered beneficial 
behaviors that we do not want to inhibit. Errors are inevitable. Though 
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programming by example is intended to eliminate some of the tedium 

and restrictiveness of using traditional programming languages, it may, 

in some cases, have hidden costs in forcing users to reduce some of the 

random activity that we habitually engage in. 
The lack of strict procedure in our everyday problem-solving activities 

is especially problematic when we consider using programming by exam­

ple techniques to produce longer programs that involve more than just a 

few steps. Often we perform a sequence of actions incorrectly, or forget 

something that should have happened several steps ago, or we create pro­

cedures on the fly, critiquing our efforts as we go. We may not know what 

all of the relevant steps of a procedure should be, and we work incre­

mentally and experimentally, rather than laying out entire procedures in 

advance (Bar-On, Or-Bach, and Ranney, 1991; Nardi and Zarmer, 1991). 

This kind of problem solving is very productive but is not supported by 

programming by example because the system needs carefully patterned 

information to perform the inferencing correctly. Since current program­

ming by example systems do not permit the direct editing of a script or 

program, an "incorrect" example must be executed again from scratch if 

the system is to be able to detect the pattern correctly. 

Creating programming by example systems appears to be a difficult 

programming task, even for systems in limited domains. Maulsby, Witten 

and Kittlitz (1989), Myers (1990a) and Cypher (1991) argue that pro­

gramming by example systems will work best within restricted domains. 

However, even in the restricted domains within which their research pro­

totypes are actually implemented, difficult , sophisticated programming 

techniques are used to make the inferencing work correctly. For example, 

Metamouse (Maulsby, Witten and Kittlitz, 1989) is based on STRIPS-like 

theorem proving (Fikes and Nilsson, 1971), as well as NODDY, a robot 

programming language (Andreae, 1985). Myers (1990a) remarked: "It is 

relatively difficult to implement [programming by example systems]." 

Since it is expensive and difficult to create programming by example 

systems, a basic question about them is: Why not simply provide a direct 

command (or set of programmable commands) that the user uses to tell 

the system what to do, instead of requiring the system to infer intention 

from user actions? The "create an example" part of the programming 
by example approach can be pulled out and used without an inference 
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engine (Myers, 1990b). If the user signals an intention to perform an 

action instead of requiring the system to infer intention, the inferencing­

related costs of development and processing can be eliminated. 

Let's look at two systems that help users with iteration. Cypher's (1991) 

Eager system helps users perform repetitive tasks within a HyperCard 

stack (at least those restricted to a simple pattern). Likewise, spreadsheets 

allow users to iterate operations over blocks of cells through direct ma­

nipulation techniques. In both cases, the tedium of writing programming 

loops in a general programming language and the need to understand the 

loop as a programming abstraction-instead of as a repetition of a con­

crete, familiar task-are avoided. In both cases, this is a happy state of 

affairs for the user. But in the programming by example system, a greater 
burden is added to the computer as it must infer user intentions (which 

the spreadsheet does not have to do). Is this burden really necessary? 

We believe that in many or most cases, inferring user intentions is not 

necessary. Users can gain all the benefits of having a program perform 

some action for them (such as the iteration) without the cost of the con­
tinual monitoring. For example, in the case of the multiple HyperCard 

stacks that we sketched above, it would seem to be easier for the user to 

give an example on one stack and then give the other stacks as arguments. 

The user could indicate that she wants to initiate an iteration and then go 

through the first two iterations, signaling that they constitute the desired 

action. The program does not have to watch for this. No inferencing need 

be done across the stacks either, because the user can simply tell the system 

which stacks to go through. These arguments could be supplied through 

simple point-and-c1ick actions . The system would need detailed knowl­

edge of its objects and operations to complete the iteration, but there 

would be no need for a complex inferencing mechanism that constantly 

watches in the background for patterned actions. 

Cypher (1991) reported that in his user study of Eager, "all users were 

uncomfortable with giving up control when Eager took over." Cypher 

made two modifications to Eager to deal with this problem-saving a 

copy of a stack that is going to be modified by Eager, and providing 

a stepping mode that allows users to confirm each action. However, it 

seems that the problem could be solved more simply by having users 

directly control the system's actions, (as suggested above, using direct 
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manipulation techniques ) , avoiding the need to provide inferencing, and 

at the same time giving users the control that they want. User confirmation 

of each action is moving in that direction anyway, with users taking a more 

active role in program execution . 

Myers ( 1 990a) argued that adding commands to a system-which elim­

inates the need for inferencing-would increase the number of commands 

for users, and might require programming knowledge that end users do 

not have. However, presumably the commands that would be added to 

the system would be those commonly used, so added learning time would 
be cost-effective. Any extra learning time would be more than offset by 

the problems users would have when the system incorrectly inferred their 

actions and created incorrect procedures . With no way into the program, 

users can do no troubleshooting and have no means of error correction . 

With respect to error correction, Myers (1990a) noted that one exper­

imental study of spreadsheets showed that many user-generated proce­

dures for spreadsheets are incorrect (Brown and Gould, 1987) ,  and that 

therefore " it will be interesting to see whether procedures that are [in­

duced through examples] , or programmed by end users are more reliable 

in practice . "  However, in our spreadsheet study we found tha t users devote 
considerable attention to debugging spreadsheets , and errors that make 

a difference in the correct use of a spreadsheet are usually eliminated. 

Debugging is accomplished cooperatively, with different users checking 

and cross-checking one another's work (Nardi and Miller, 1991 ) . The 

Brown and Gould ( 1 98 7) study that Myers (1990a ) cited was conducted 

under strict experimental conditions , and though users certainly did make 

plenty of mistakes in their spreadsheets, they had no opportunity to per­

form the kind of debugging that we found in our study. We think it un­

likely that error correction will be easier in programming by example 

systems . 

It is true, as Myers (1990a ) says, that some commands added to the 

user interface might require programming knowledge that users do not 

have. However, it is unrealistic to expect that people can use a system 

without some investment in learning. To reduce learning effort as much as 

possible, commands must be designed and chosen with care. Commands 

that map as closely as possible onto the task-specific operations that users 

want to perform in their applications will support users at their level of 

skill and interest. Task-specific commands avoid the problem of being 
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at such a low level that detailed, unfamiliar programming knowledge is 

required. 

Despite the limits and problems of the programming by example ap­
proach, we think that there is a role for specific programming by example 
techniques within larger programs. Cypher's ( 199 1 )  Eager system shows 
how useful functionality can be supplied via programming by example 
within the context of a specific program. Programming by example 
techniques by themselves, however, will not solve the problem of giving 
end users the power to write complex domain specific applications. The 
difficulty of expressing terminating conditions and conditionals, the need 
to inhibit random/exploratory user actions, the lack of error correction 
mechanisms, and the high cost of the inferencing capabilities of program­
ming by example systems make offering real computing power to end 

users via these techniques quite difficult. A challenge for the future is to 

determine how to fit specific programming by example techniques into 
larger programs that offer power and flexibility to end users. 

AUTOMATIC PROGRAMNUNG BY INFO� PROG� 

SPECIFICATION 

When considering how to provide end users with a system with which to 

generate applications, a utopian approach of interest is that of automatic 

program generation. One can imagine a futuristic system that accepts in­

formation about requirements for the program from the user in a form 
that is natural and familiar, interprets the requirements, and automati­
cally generates a program to meet the requirements. In such a system, 
the learning and effort of the user is minimized, and a major burden is 
placed on the computer system. The model of the interaction is less that 
of a programmer with a compiler and more that of a client with a sys­
tems analyst. In considering this approach to end user program creation, 
difficulties can be anticipated that have implications for both the design 
of the user-system dialogue and for the technology required to implement 
such a system (Rousseau, 1990). Three key areas are: 

1. The means of specifying requirements, 
2. The form of human-computer communication used, 
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3. The evaluation of resulting programs and the identification of require­
ments. 

Requirements Specification 

If one assumes that the system will be driven by users' specifications of 
their requirements (the issue of how users arrive at their requirements 

is discussed below ), one must consider how these requirements will be 

formulated. A study of dialogues with designers (Rousseau, 1990) estab­
lished that much of the specification process involved describing the user 
interface or external behavior of the desired program. The fact that end 

users are better a ble to describe such concrete, dynamic behavior than 

abstract ,  static code has been commented on elsewhere (Lau-Kee, 1990) . 

This suggests, therefore, that end users should be given an interface that 
allows them to communicate the form of the desired program in a simi­

larly concrete manner in terms of the behavior they wish to obtain. 

Two possible approaches to th is can be considered . The first involves 
users communicating program behavior by demonstrating it, as discussed 

in the previous section. The other approach is to imagine a system where 
the user can describe program behavior using means of communication 

that are considerably less prescribed than traditional programming lan­
guages. Simply using a specification language as many existing automatic 

programming systems do (e.g. ,  Blumofe and Hecht, 198 8), is, in reality, 

doing l ittle more tha n  replacing one programming language by another 

as far as the end user is concerned. Under those circumstances, traditional 

problems of language design will arise . 

If one avoids the use of a fixed programming language, another problem 
arises. The advantage of using a programming language is that it serves the 

dual function of defining the means of user-system communication and of 

informing the user, in a deta iled manner, of which faci l ities are available; 
if there is no word for this function in the language, then it must not 

be provided. In the absence of a programming language, as such, other 

means must be found for communicating the tasks that a program can 

support, the form programs can take, and the particular facilities that are 

available. Two studies of how users make use of information of this kind in 
generating program specifications to meet their requirements discovered 

that such information is used in a very informal and imprecise manner 
(Rousseau, 1990) .  
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In one study, subjects were presented with a number of screens from 

an electronic diary, instructed to treat the screens as fixed, and asked 

to describe functions or commands that they would like to accompany 

the screens. While many of the comments did describe desired functions , 

3 8  out of 85 comments related to changes to the screens rather than 

functions. Some requests were for facil ities that were outside of what had 

been defined as possible. 

In the other study (a lso reported in Rousseau, 1990 ), university research 

staff were asked about the way they store and access lists of references to 

papers and books. The researchers were provided with a description of 

a set of programming facilities that were available to them (based on a 

subset of HyperCard) and an example stack . They were asked to specify 

how they would like a computer-based reference database to be designed 

using these facilities. For the users with no experience with HyperCard, 

the descript ion alone proved difficult to understand and use as a basis for 

designing a system . The example stack left subjects unclear about what 

was fixed and what could be changed. As with the previous study, the 

subjects would, on occasion, request a facility that was outside of what 

had been defined as possible. 

Further research is required to identify which manipulations of the 

instructions will reduce the proportion of inappropriate specifications. 

However, it is clear that the users are not readily able to generate require­

ments that strictly fit the constraints presented to them. It is hypothesized 

that two processes are involved; one of generating ideas for requirements 

combined with another of assessing their appropriateness. The informa­

tion given to users of automatic programming systems will need to support 

both of these processes . 

The Form of Communication 

In addition to problems at the macro level of means of communication, 

problems will also exist at the micro level, if the approach of informally 

communicating a program specification is to be attempted . 

While there are many who would have no hesitation in advocating the 

use of " natural language " as the means of user-system communication for 

automatic program generation, we do not believe that a natural language 

interface is an appropriate solution. There may be a language that is 

"natural " to users in the sense that it is familiar and in common usage, but 
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it is very likely that this language would be distressingly unnatural to the 

computer. "Naturalness, "  in toto, is a function of the relationship between 

the system language, the users' language abi lities , the communication task 
in question, and the computer's abi l ities, including hardware capabilities 

(see Rich, 1985 ;  Buxton, 1987) .  

What is required, then, i f  informal program specification is to be a pos­
sibility, is a more structured approach than free prose; that is, an approach 

that is prejudicial to neither the human nor the computer. While there is 
no ideal solution to the communication problem, some possible solutions 

are form-filling interfaces ,  restricted, task-specific languages such as the 
spreadsheet formula language , structured notations such as flowcharting 
(see Rousseau, 1 992a) ,  and even drawing tools. WoridBuilder,6 for exam­
ple, uses a combination of such communicative forms . Screen designs and 

layouts are communicated using drawing tools, properties of objects or 
characters are defined using form-filling interfaces, and program behavior 
is specified using a fairly conventional textual programming language. The 

programming language requires the most learning on the part of users. 

Evaluation and the Identification of Requirements 

No matter what form of communication is chosen for program specifi­
cation, inevitably there will be points of miscommunication. It will be 
important, therefore, for the system to present users with its interpreta­

tion of their requirements . Possibly the best means of doing this is by 
generating a candidate program. Users would then evaluate the program, 

and further dialogue would be in order to iron out any misunderstandings 

and achieve a program closer to users ' requirements . This is implied in 

techniques used in programming by example systems such as Smallstar 

in which the user demonstrates the desired program and is then given the 
code generated by the computer to edit further ( see Lau-Kee, 1 990).  

The other motivation behind such a dialogue is the observation that 

end users are often much better at identifying and communicating their 

needs if they have a concrete program to criticize, rather than working 
with abstract requirements or specifications (Harwood, 1 987; Nardi and 
Zarmer, 1991 ) .  The findings of Nardi and Zarmer ( 1 99 1 )  suggest that 
users incrementa l ly develop successive versions of their programs to help 
them in understanding their own requ irements . Rousseau's ( 1 990)  study 

of users specifying requirements to developers found a similar opportunis-
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tic, bottom-up approach . Even skilled designers appear to engage in an 

iterative, opportunistic process when generating designs or specifications 
(Guindon, 1988 ;  Visser, 1 990; Davies, 1991 ) .  The best approach to de­
sign ing the dia logue of such a system, then, would involve a short, initial 

specification dialogue that serves to identify the rough class of program 
required , with the main dia logue being based around a series of proposed 
programs or prototypes. 

Whatever form the dialogue takes, there will be a need for users to 
assess the proposed program against their needs. How should this be 

done? Presenting users with raw program code to evaluate is unl ikely to 

be helpful .  Some means of presenting the program in the form in which the 
user would actually interact with it (possibly a prototype ) would probably 

be most suitable. It would be desirable to make the editing/criticizing 

process as similar to the original specification process as possible (Lau­

Kee, 1 990 ) .  Perhaps the best approach would be one in which the initial 

specification dia logue is short and serves to identify the rough class of 

program required, while the main work of communication occurs around 

a series of proposed programs . 

A study of the evaluation behavior of users when presented with a 
potentially useful diary program has been carried out to examine this 

problem (Rousseau, 1 992b) .  It was observed that users tended to focus 
on the facilities provided by the program rather than on its support for 

their task needs. Getting users to describe the task needs prior to the eval­
uation reduced this effect, however. Also, data from customer behavior 

(Fletcher, 1987 )  indicate that when assessing complex products such as 
video recorders, customers attempt to simplify the assessments by focus­

ing on a small number of factors. These studies suggest points at which 
users have difficulty in the evaluation process. 

Further evidence to support the view that the evaluation process in 
automatic programming would be problematic comes from the work of 
experts in user testing of system prototypes . The experience in this area 
indicates that effective and thorough evaluations will only take place if 
a number of factors are considered and a procedure is followed. Thus, 
subjects should not just examine the prototype but should perform sample 
tasks using the prototype (Eason , 1 98 8 ) .  Also, there may be an element 
of skill involved in spotting points where the performance is indicative of 
poor design (Wright and Monk, 1 989) .  
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Another practical problem is that users may not be a ble to identify 

fundamental problems early on, so that the degree of reworking of the 

program that is required after each evaluation could be considerable. This, 
in turn, could lead to a rather lengthy period of iteration. However, Nardi 
and Zarmer (1991 ) found that spreadsheet users with three to five years 
of experience were able to incrementally develop and evaluate their pro­

grams . Users d iscovered needs as they went along, and the interaction 
with the spreadsheet package directly supported this vital process. Eval­

uation seems most feasible if it takes place in the context of developing 
an understanding of requirements, rather than simply being presented 
with a program "cold" and having to match it to some imaginary set of 
requirements. 

The need to work within a development context in which needs can be 
discovered suggests a fundamental problem with automatic programming 
systems for end users. The utopian picture is that of a system so advanced 
that users have merely to tell it what they want, and it wil l  build it for 

them. If, however, users do not know what they want, then such a system 

might prove intractable. If users cannot give a description of the desired 
program, nor describe their requirements, nor effectively evaluate any 

programs generated by the system, then the dialogue envisaged will fail 

to provide the appropriate support. We would argue, therefore, that 
the time-consuming struggle of iteratively and incrementally developing 
programs is a necessary and irreplaceable component of any end user 
programming activity. Rather than attempting to provide tools that avoid 
the need for incrementally work ing through problems, it will be more 
fruitful to develop tools that make the struggle as short, attractive, and 
productive as possible. Spreadsheets have succeeded in doing this to a 

considerable degree (see Nardi and Zarmer, 1 991 ) . 

While one can conceive of a system that could automatica lly generate 

programs for end users, the probability of such a system producing right­

the-first-time programs appears to be low. There may well be a role for 
high-level programming languages and environments that enable users to 

specify programs, evaluate them, and iterate toward desirable ones . These 

will probably not deliver the miracle of "automatic programming" that 

one might hope for, however. Such systems must be left to the science 
fiction writers. 
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SUMMARY 

We have tried to show that it is tempting but unhelpful to search for silver 

bullets as we seek solutions to the problems of end user programming. 

Many interaction techniques have been heralded as the answer. But upon 

inspection we find that these techTliques all have their limitations. And 

no single technique by itself addresses the semantic issue of designing a 

programming language that taps into user knowledge and leverages users' 

skills, interests, and familiarity with their domains to make programming 

more interesting and intelligible. However, any of these techniques may 

prove useful as a local solution to a problem of user interaction within a 

task-specific language. 

More empirical research is needed on existing systems to expose their 

strengths and weaknesses. The existing empirical studies such as Mackay, 

( 1 990),  MacLean et a I . ,  ( 1 990), Cypher, ( 1 99 1 ) ,  Nardi and Miller ( 1 990; 

1 99 1 ) ,  Petre and Green ( 1 99 1 )  and Tee ( 1 992 )  provide an idea of what 

can be learned about existing end user programming systems and the ap­

proaches to follow in conducting empirica l research. Brooks ( 1 99 1 )  has 

suggested that a taxonomy of interaction techniques and the problems 

each technique solves would go a long way toward design "reuse ."  If 

such a taxonomy were available, designers would not have to start from 

scratch with each new system design but could find out how similar prob­

lems have been solved in the past. At this point, with so little practical 

experience and empirical research, it is  impossible to provide a taxonomy 

that suggests which techniques and approaches will work well for which 

set of problems. Creating such a taxonomy will be a fruitful line of study 

for future research. 
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Visual Application Frameworks 

The baseball box score is the pithiest form of written communication in America 
today. It is two or three hours . . .  of complex activity, virtually inscribed on the 
head of a pin. 

-Fred Schwed, Jr., quoted in Baseball by the Rules 

As we have noted, many very workable end user programming lan­

guages-the spreadsheet formula language, CAD macro languages, the 

languages used in statistical packages and Mathematica-are primarily 

textual. The advantages of text, that is, terseness and low development 

and processing cost, have been noted. What, then, should be the role of 

visualization in end user programming language design? We believe that 

many successful end user programming systems will be hybrid systems, 

managing a balanced combination of text and graphics. As Green (1990b) 

and Petre and Green (1990) have observed, text and graphics each have 

their own special strengths and weaknesses, and the best strategy is to 

exploit each according to its particular characteristics. There is no general 

recipe for doing this, but in this chapter we take a close look at three 

systems that combine text and graphics to create end user programming 

environments. An analysis of these systems gives us some exemplars to 

study and evaluate. We look at spreadsheets , the Logo language, and 

CAD systems . We also consider the use of visual formal isms as reusable 

visual application frameworks. 

HYBRID VISUAL PROGRAMMING IN SPREADSHEETS 

Having described some of the costs and benefits of visual programming, 

we will look at spreadsheets as an example of a hybrid system that ef-
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fectively combines text and graphics. In particular, we consider the way 
a simple graphic object-the spreadsheet table-organizes computation 
for spreadsheet users. The table is used in conjunction with the textual 

formula language, creating a "hybrid visual programming" system. 

In spreadsheets, graphics and text are each used to solve different prob­
lems. The graphics handle making program state visible (showing current 
values of cell variables in the table), and the textual formula language 

provides a compact formalism for writing program instructions. Hybrid 
visual programming is not iconic or pictorial in nature but uses graphics 
to display program state, rather than to represent operations and data 
flow. Nor is hybrid visual programming the same as program visualiza­
tion; it is much more than mere visualization, because the textual lan­

guage in which program statements are written incorporates graphical 

elements from the display as language primitives, as we discuss in detail 
below. 

The compactness of a textual language permits users to write complex 

formulas in a very small space, leaving most of the screen free to display 
program state. In addition to the compactness of textual languages-an 

advantage that can hardly be overstated given the size of our computer 

screens! - it is (arguably) easier to read and comprehend a textual repre­

sentation of formulas, such as this formula from one of our user's spread­
sheets: 

G22/(G7 - 750000) .. 12 

than a corresponding graphic representation, for example, a network with 
nodes representing variables and operators. 

Not only do spreadsheets provide a good division of labor between text 
and graphics, they also provide a careful integration of text and graphics. 
Though formulas are textual, they are organized by the tabular grid, in 

that each formula belongs to a cell in the table. The spreadsheet thus 
associates a visual object, the cell itself, with a small textual program, the 
formula. The cells are arranged in a predictable, comprehensible pattern 
in the two-dimensional space of the table; hence the programs associated 
with the cells are also thus arranged. Here we see a true marriage of text 
and graphics. Program code, itself textual, is distributed over a visual grid, 

providing a system of compact, comprehensible, easily located program 

modules. 



Visual Application Frameworks 87 

More generally, the spreadsheet table provides an overall organizing 

framework of rows, columns, and cells within which users organize the 

components of computation: parameters, variables, formulas, and sub­

parts of their models. The table is a graphical form into which primarily 

textual information is placed: formulas, data values, and labels. An indi­

vidual cell represents a single variable. The table provides a simple but 

useful relational semantics in graphical form: rows and columns are used 

to represent the main parameters of a model, and ranges of cells can 

represent subparts of a model. By leaving empty cells between ranges, a 

model can be visually segmented. In our study, we found that users seg­

ment spreadsheets by such criteria as years, months, geographic regions, 

companies, and departments. 

The importance of the two-dimensional grid that arranges program 

components is illustrated in a conversation with Jennifer. We were dis­

cussing a spreadsheet that contained about three hundred rows and we 

asked her how she "gets around" in this large spreadsheet. Notice that 

in the following exchange she thinks we want to know the mechanics of 

navigating with mouse and keyboard. She adds the comment about the 

geometric layout of her spreadsheet as a clarification, though we have not 

talked about layout at any time in her interviews: 

Interviewer: Now when you're actually using a spreadsheet this big, 

how do you get around to the places you want to be? 

Jennifer: I use the mouse on the gray bar. It lets you leap down a page. 

It's kind of like page-up and page-down. But I can page-right and -left 

more easily than you can with the keyboard. 

Interviewer: OK, so that's not really an issue. Even though you do have 

a lot of data, it's pretty easy to find it. 

Jennifer: UmmHmm. I'm so familiar with the spreadsheet too, that I 

know that if I'm here [points to a place on the spreadsheet] in Municipal 

Bonds that I know I'm in the middle of the document, and I know that , 

Preferred Stocks is above that, and I know that Collateralized Mortgage 

Obligations are below that. So depending on what the next transaction 

is, I know whether to go up or down. 

Jennifer thinks of her spreadsheets in terms of their basic components 

spatially arrayed in the table. The transactions expressed in the formu-



88 Chapter 5 

las are easy for her to find as the components of her financial models 

("Collateralized Mortgage Obligations," etc.) are laid out in a spatial 

configuration that she can readily remember and navigate. 

The following comment by "Betty" indicates the ease with which users 

associate visual objects (the cells) with program components (variables 

and formulas): 

Betty: [I can easily see where the week's sales are.] It's very easy for me 

to punch in a formula there, to total up the sales for the week . . . .  I figure 

out where the week starts, and it starts in cell three, and it ends in cell 

thirty. So I say, "Sum everything in between three and thirty." 

Betty easily maps sales to cells; the grid structure provides a convenient 

way to organize data and a logical place to "punch in" a formula. 
Another means of articulating graphical and linguistic information in 

spreadsheets is assigning names to cell ranges. In our study, some users 

assigned range names in large spreadsheets and then located the range 

by typing in the name, rather than scrolling to it. The table gives a basic 

graphic organization to a spreadsheet program and can be navigated by 

both logical (named ranges) and spatial (scrolling) means, enabling users 

to manage even very large spreadsheets.2 

The table is also useful in providing a scheme for naming variables. 
Users do not have to name spreadsheet variables as they are pre named 

according to their place in the table (e.g., A1, D2, where letters identify 

columns and numbers identify rows). Though seemingly a small conve­

nience, users frequently complain of the tedium of coming up with variable 

names. Lewis and Olson (1987) regard this bothersome chore as a barrier 

to programming for many end users. 

An important aspect of the use of a graphic in spreadsheets is that the 

program state displayed in the table is automatically updated (see Kay, 

1984; Hutchins, Hollan and Norman, 1986; Lewis and Olson, 1987; 

Nardi and Miller, 1991). Users love the immediacy of the "twinkling 

lights" of the spreadsheet's instant update (Nardi and Miller, 1991). This 

important feedback lets users know what has changed in their model and 

provides a kind of instant gratification that is very satisfying. 
We have looked at how the spreadsheet table organizes computation by 

providing a two-dimensional grid across which computational elements 
are arrayed. There is another important aspect of the articulation of text 
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and graphics in spreadsheets: the formula language understands the com­

ponents of the spreadsheet table, that is, cells and ranges of cells. There 

is a close coupling between the formula language (which itself is entirely 

textual) and a graphic object (i.e., the table) in that formula primitives 

are also table primitives. Formula notation expresses relations modeled 

graphically in the table. To return to our previous example, in the for­

mula SUM(C1..C8) , the semantics of the formula are in part expressed in 

terms of the components of the table: variables (C1..C8) are described as 

specific cells in the table.3 Users find this scheme quite easy to follow. As 

Betty remarked, "I say, 'Sum everything in between three and thirty.' " A 

range of cells encompassing several rows and/or columns (or portions of 

them) can also be expressed in the formula notation, for example, E5 .. H7, 
where E5 is the top left corner of the rectangular range and H7 the bottom 

right. Even a range across several different spreadsheets can be specified, 
for example, SUM(B:A1..K:D4) sums the values in the A1..D4 range in 

spreadsheets B through K. This use of graphical forms as elements of a 

programming language gives users a concrete representation of variables 

that is readily comprehensible. It also provides a means of supporting it­

eration, as in the SUM example, which could be written as a loop, and in 

copying formulas (see Chapter 3). 

Problems of Organizing Code in a Table 

While distributing code across a grid is helpful to end users, there are also 

problems with this kind of scheme. Spreadsheets are difficult to debug. 

They do not lend themselves to easy reuse of individual modules within 

a single spreadsheet. It is hard to understand formulas in someone else's 

spreadsheet. Though the general intent of a spreadsheet is usually clear 
from the way the rows and columns are laid out, understanding individual 

formulas requires patience and sometimes a lengthy process of manual 

checking. 

In our study, users' number one complaint about spreadsheets was the 

difficulty of debugging (Nardi and Miller, 1991). It is difficult to get a 

global sense of the structure of an individua l formula that may have de­

pendencies spread out all over the spreadsheet table.4 Users have to track 

down individual cell dependencies one by one, tacking back and forth 

all over the spreadsheet. As one user, Ray, described his debugging activ­

ities, "You got a tremendous amount of formulas ... that are pointing 
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all kinds of different directions, and you know, it's a pretty big pass to 

kind of walk back through the whole thing. So you have to be very care­

ful." This situation is not helped by the fact that spreadsheets do not 

provide support for visualizing cell dependencies across a model. We can 

imagine, for example, mechanisms by which a user debugs a particular 

formula by bringing up a view of the spreadsheet in which irrelevant rows 

and columns are filtered out, and related cells are highlighted or colored. 

In response to our suggesting such a mechanism, Ray remarked, "Yeah, 

yeah. And, actually, if [such a tool] was easy to use, we wouldn't have to 

have a very sophisticated spreadsheet for me to want to use it. It would 

be a quick way to assess . .. what the dependencies are." Our users also 

described awkward pencil and paper procedures for recording cell values 

as they went through a formula debugging each element. An automated 
way of keeping track of this kind of information during debugging would 

be helpful. 

Because of the distribution of code across the grid, spreadsheets are not 

particularly modular. Since the code that implements a particular piece 
of a spreadsheet is distributed over a potentially large and unpredictable 

set of cells, it is difficult to reuse an individual piece of one spreadsheet 

in another new spreadsheet. As we discussed, reuse occurs mainly in the 

form of templates, in which the entire template is reused, rather than 

modular pieces (see Nardi and Miller, 1991). 

Spreadsheets are often used and shared by different users, so it is impor­

tant to be able to really understand others' formulas (see Nardi and Miller, 

1991 for a description of cooperative debugging practices). "Laura" de­

scribed a situation in which the twin problems of debugging formulas 

and understanding formulas developed by others came together, creating 

a tedious chore for her. Laura had received a spreadsheet from her com­

pany's parent company that she was responsible for verifying. To verify 

formulas, she had to write everything down. 

Laura: Well, they [the parent company] said in their instructions that it 

[the spreadsheet] hadn't been tested and if there were any formula errors 

it was our responsibility. 

Interviewer: Okay, so you really are responsible for making sure that 

the formulas work then. 
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Laura: UmHmm. And you know, there might be formula errors or [there 

might not]. 

Interviewer: Did you find formula errors when you got [into it]? 

Laura: Uh huh .... Actually, I only found one or two; it wasn't that 
many [but I still had to do all that checking] . . . .  I spent days [checking 

everything] .... Literally days going forward and backward, just like this 

[she follows some formulas in her spreadsheet, jumping to the relevant 

cells] .... Writing the stuff down and saying, "Okay, what are they trying 

to do here?" ... Because I do have a real good theoretical understanding 

and I know what the relationships are [I am able to do this]. 

Laura's comments point out the fact that debugging others' spread­

sheets involves not only checking actual data values but also following 

the logic of a set of formulas. She noted that because of her "good the­
oretical understanding" she is able to correctly track the logic. We can 

imagine debugging tools that support this aspect of debugging-perhaps 

separate from checking arithmetical correctness-as a useful addition to 

spreadsheet software. 

The problems of spreadsheets created by arraying small program mod­

ules across a grid are similar to the problems created by the application of 

object-oriented programming techniques. In object-oriented systems, the 

code for a particular object is distributed, invisibly, over many objects and 

their methods (see Berlin, 1990). Cells that participate in spreadsheet for­
mulas are distributed across the spreadsheet table. The root cause of the 

difficulty in both cases is the same: the useful modularity of cells or slots 

lies in their being small, fine-grained units, but when it comes time to get 

a more global view of a particular object (with all its inherited methods 

and data variables), or a formula (with all its constituent cell variables), 

the small units that provide concreteness and modularity become a hin­

drance to grasping the distributed content of an object or formula. Thus, 

a strength of spreadsheets-the ability to build models through creating 

small pieces of code assembled out of specific cells-is also a weakness, 

just as the strength of inheritance in object-oriented systems creates some 

problems as well as providing useful functionality. 

Green (1990a) notes that HyperCard has a similar fault/virtue in that 

program fragments written in HyperTalk are attached to screen objects. 

While this strategy breaks coding down into more manageable pieces, 
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Green observes that, "the overall visibility of the program has been very 
seriously reduced, [e.g.] you can't easily see the scripts for two buttons at 

the same time .. . " 

It seems likely that the problems of distributed code can be managed by 

tools that support mechanisms such as filtering, abstraction, and annota­

tion. In this way the strengths of providing a visual framework such as 

the spreadsheet table can be preserved, while the deficits of such a scheme 

are mitigated. 

HYBRID VISUAL PROGRAMMING IN LOGO 

Another successful hybrid programming system is the Logo language for 

children. Logo has been learned by thousands of ordinary schoolchildren 

who use it to write programs to draw pictures and produce animation 
(see figure 5.1).5 Logo is a simple but flexible programming language that 

offers variables, iteration, conditionals, and recursion. Procedures can be 

defined and then called from within other procedures. Logo is another 

example of a hybrid visual programming system in which graphical prim­

itives are also the primitives of a textual language. For example, in Logo, 

primitives include fw (move pen forward), bw (move pen backward), It 
(turn pen to the left), and rt (turn pen to the right). 

In Logo, just as in spreadsheets, procedures are textual, and the graph­

ics are used to make program state visible. Program state itself happens 

to be graphics in Logo, but the principle is the same as in spreadsheets. 

Users write procedures in the compact formalism of a textual language 

that understands graphical primitives. To work out a procedure, a user 

can try each statement, one at a time, in the main window, immediately 

seeing how the drawing changes as a result of the execution of the state­

ment. Then when the user knows what he wants, he goes to the editor to 

write all the statements down in a procedure definition, which itself can 

then be called interactively from the main window. 
Note that in Logo, procedures are not attached to graphical objects; 

they simply use the graphical primitives as the primitives of the textual 

language. Thus the distributed code problems of spreadsheets, object­

oriented languages, and HyperCard are avoided. In Logo, the graphics are 

effective in part because they are used to instantly update the presentation 

of program state, as the user types commands. As with spreadsheets, it 
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Copyright (Cl 1992 by Harvard Associates, Inc. 

Welcome to Logo! 

? textscreen 
? (setprinter 139) 
Printer HP DeskJet activated. 
? LOAD "adhouse.lgo 
Loading from file ADHOUSE.LGO 
HOUSEl defined 
Result: TRUE 
? LOAD "vari 
Loading from file VARI.LGO 
ASHAPE defined 
Result: TRUE 
? printout house1 
TO HOUSEl 

FD 100 RT 90 FD 200 RT 90 FD 100 RT 90 FD 200 RT 90 FD 100 RT 22.5 FD 100 R 
T 135 FD 100 LT 67.5 FD 124 LT 112.5 FD 100 RT 22.5 LT 90 FD 125 BK 125 RT 90 LT 

22.5 BK 100 RT 112.5 RT 90 FD 100 RT 90 FD 125 RT 90 FD 100 BK 100 LT 90 FD 50 
RT 90 FD 50 RT 90 FD 25 RT 90 FD 50 LT 90 FD 25 FD 50 PU LT 90 FD 60 PD ASHAPE 2 
o 4 HT 
END 

Figure 5.1 
A Logo program written by Anthony Darrouzet-Nardi, age 11, for a drawing of 
a house, doing it the left-brained way 

is not simply "graphicalness" that is important, but using graphics in a 

particular way, to immediately show program state. 

HYBRID VISUAL PROGRAMMING IN CAD SYSTEMS 

The designs produced by CAD systems are so obviously geometric objects 

that it might be supposed that some form of visual programming would 
be most suitable to CAD systems . But Tee (1992) found that CAD users 
who have access to textually-based "parametric design" tools prefer them 

to working directly with the geometry of the designs themselves. 

In CAD, parametric design is the use of parameters and constraints to 

define the geometry of a feature or part. For example, Tee (1992) explains 

how to to define a square parametrically: 

The constraints specified for the square include the perpendicular relationships at 
the corners as well as all four line segments being of equal length. [A] parameter, 
A, . . .  drives the length of one side (hence driving the length of all sides of the 
square . . .  ). To create a square from this model, one specifies a numerical value 
for A. To make the square bigger, one changes the value of A to a larger number. 
(Tee, 1992) 

Parametrics come in especially handy for modifying existing designs, 

which the users in Tee's (1992) study described as their most frequent 
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activity. Fewer steps are required of the user because of the automation 

the parametrics provide. For example, 

[T]o move a hole feature in a solid, all a user would have to do [using parametrics] 
is change the value of the dimension locating the hole of a particular edge. This 
is considerably less cumbersome than having to manually move the geometrical 
components making up the hole, then changing the dimension associated with the 
location of the hole to the new value. (Tee, 1992) 

Thus it is not surprising that in an experimental task, the users in Tee's 

study who were familiar with parametric methods "always attempted to 

make changes by modifying the value of parameters that drove positions, 

lengths, and shape" (Tee, 1992). The users who were not familiar with 

parametric methods "erase[d] and redr[ew] geometry that they want[ed] 

to change" (Tee, 1992). 

However, there is a problem with parametric design: it is difficult to un­
derstand the constraints underlying a model. Changing the constraints, 

when that is necessary, is a difficult and dangerous task because chang­

ing one constraint can of course propagate changes to many (unknown) 

parts of the model. Design features may be constrained by more than 

one constraint, so the web of relationships can get quite complicated. Tee 

(1992) notes, "For example, a hole feature's location can be defined by its 

offset from two different edges, both of which are part of two different 

features." When a feature is to be deleted, undesirable side effects may 

result if its dependencies are not considered. 

Tee (1992) suggests that the way to deal with the deficiency of paramet­

rics is to provide good tools that allow users to visualize dependencies. At 
a minimum, a graph showing relations between features would be useful. 

As with spreadsheets, filtering, highlighting, and abstraction mechanisms 

would also help in the visualization process (Tee, 1992). 

Thus, what we see in CAD systems is more the potential for hybrid 

visual programming than the actuality, at least in today's products. Tee 

(1992) suggests that parametric design, in which the user works in a 
textual mode, has great advantages in reducing the work needed to create a 

design but should be offered in a more supportive graphical environment. 

CAD, then, is another example of a system in which the most effective 

design is to combine text and graphics, using each where it best supports 

the task at hand. 
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VISUAL FORMALISMS AS APPLICATION FRAMEWORKS 

What we have seen in spreadsheets is a hybrid programming environ­

ment in which a textual language is integrated into a visual framework 

that organizes and partially describes the computation. The basis of the 

spreadsheet is a table, but might there not be other such visual frame­

works that could serve different applications? In a previous paper (Nardi 

and Zarmer, 1993), we argued that there are such frameworks, called 

visual formalisms, that include familiar graphic objects such as graphs, 

plots, panels, maps, and outlines as well as tables. These graphic ob­

jects are ubiquitous in the paper world because they provide so much 

help in organizing data. Once made into computer-based artifacts, their 

power expands many times over: now they are interactive objects that 

can be edited, searched, and browsed. New visual formalisms that are 

not derivative of familiar objects such as tables and graphs may also be 

developed; for example, Johnson and Shneiderman (1991) present tree­

maps, a means of visualizing hierarchical information structures. Visual 

formalisms are especially valuable because they can be specialized to sup­

port task-specific applications, as we describe below. 

First, let's look generally at the concept of visual formalisms. 

Visual formalisms are diagrammatic displays with well-defined seman­

tics for expressing relations. In his article "On Visual Formalisms," David 
Harel (1988) stated: 

The intricate nature of a variety of ... systems and situations can, and in our 
opinion should, be represented by visual formalisms: visual, because they are to 
be generated, comprehended, and communicated by humans; and formal, because 
they are to be manipulated, maintained, and analyzed by computers. 

Visual formalisms are application frameworks. They provide a specific 

orienting framework in which to cast an entire application, just as the 

spreadsheet table does. An application framework is very different from 

a widget. A widget is a simple object whose purpose is to accept user 

commands or arguments, or to allow for the display and/or editing of 

simple data values. It exists not to organize whole applications but to give 

users access to small but significant pieces of an application. But many 

real-world applications (computer and noncomputer) are organized not 

around such simple forms as push buttons and menus, but around more 

complex visual displays that effectively organize and present relational 
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information. For example, circuit design tools are often graphs, airplane 

cockpits are panels, and the patient records used in intensive care units 

are tables. A visual formalism is intended to help developers organize and 

present an entire complex application, or a significant piece of one. Visual 

formalisms are different in kind from widgets because they encode and 

visually reveal relational semantics. A widget is much more limited in 

scope; for example, a widget may show the value of a single variable or 

provide a means of issuing a single command. A visual formalism will, in 

most cases, be used in conjunction with widgets-for example, selectable 

nodes on a graph might reveal pop-up menus when selected. Several visual 

formalisms may be linked together to comprise a single large application. 

Visual Formalisms in a Nutshell 
Visual formalisms have several characteristics that make them good visual 

application frameworks. 

• Exploitation of human visual skills. Visual formalisms are based on hu­
man visual abilities, such as detecting linear patterns or enclosure, that 
people perform almost effortlessly. Visual formalisms take advantage of 
our ability to perceive spatial relationships and to infer structure and 
meaning from those relationships (Cleveland, 1990). Visual formalisms 
are capable of showing a large quantity of data in a small space and 
of providing unambiguous semantic information about the relations 
among the data . 

• Manipulability. Visual formalisms are not static displays but allow users 
to access and manipulate the displays and their contents in ways appro­
priate to the application in which they are used. Computer-based visual 
formalisms give us the ability to alter structure so that we can get, for 
example, a graph or table of just the configuration we want. Visual 
formalisms also permit visual manipulation through such means as fil­
tering, symbolic scrolling, and iconifying (see figure 7.4 for an example 
of partition-based scrolling) . 

• Specializability. Visual formalisms provide basic objects that can be spe­
cialized to meet the needs of specific applications. They are at the right 
level of granularity-neither too specific nor too general. For example, 
graphs can be specialized to be schematics, petri nets, DAGs, semantic 
nets, and so forth. 

• Broad applicability. Visual formalisms are useful because each expresses 
a fairly generic set of semantic relations, relevant to a wide range of 
application domains. Because a large number of applications can be 
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designed around a given formalism, visual formalisms will eliminate a 
great deal of tedious low-level programming, as well as give developers 
ideas about editing and browsing techniques with which they may not 
be familiar, such as the use of fish-eye views for large datasets (Furnas, 
1986; Ciccarelli and Nardi, 1988). 

• Familiarity. Because the standard visual diagrams are so useful, they are 
found everywhere . Not only do they draw on innate perceptual abilities, 
but through constant exposure we become very familiar with them. Our 
schooling explicitly trains us in the use of the basic displays ; for example, 
using calendars and learning matrix algebra provide experience with 
tables. Everyday activities provide opportunities to create and use visual 
formalisms, such as writing a shopp ing list or reading a map. 

Are Visual Formalisms Really "Visual" or "Formal"? 

It is necessary to ask what is "visual" and what is "formal" about vi­
sual formalisms. Their visualness derives from the fact that they impart 

information via visual cues such as space, color, texture, line, shape, 

movement-rather than through words. These cues are not necessarily 

pictorial in nature; an expanse of empty white space may be very visually 

expressive. The essence of visualness lies in exploiting perceptual rather 

than linguistic abilities. (See Larkin and Simon, 1987; Nygren et aI., 1992. 

See also Raymond, 1991 for a discussion of the difference between nota­

tional and visual languages. ) 
We have avoided saying that visual formalisms are "nontextual" be­

cause written text has many visual cues that add to its semantic content : 

fonts, spacing, color, and capitalization all make a difference. Written 

text is a combination of visual and linguistic encoding. Nor are visual 

depictions always superior to text; it depends on the problem (see Green, 

Petre and Bellamy, 1991). Sometimes a few words are worth a thousand 

pictures. It should be noted that almost all visual representations use lin­

guistic labels, so that rarely is an actual representation purely visual or 

purely linguistic. We nearly always explain figures and diagrams with 

captions (some quite lengthy ) and attach labels and annotations . 

Visual forma lisms are formal in that, within an implementation, each 

visual formalism has a clear set of rules governing its editing and its form. 

For example, a table must maintain a rectangular shape, and an implemen­
tation should make it impossible to edit the table so that its rectangularity 

is not preserved (see Nardi and Zarmer, 1993, for a description of such an 
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implementation). Visual formalisms can be formally represented for com­
putational purposes; as Harel (1988) said, visual formalisms are formal in 
that "they are to be manipulated, maintained, and analyzed by comput­

ers." For those who find this use of the word "formal" unduly informal, 
we have sympathy; we chose the terminology to provide continuity and 

resonance with Harel's work, and because it suggests the computability 

of diagrams. Some may prefer the terminology "visual application frame­

works." 

Specializing Visual Formalisms 

Although objects such as tables and graphs are clearly useful, they are 

much more useful when they can be specialized to meet the needs of 

a particular application. For example, Harel's (1988) statecharts, which 
formally describe a collection of sets and the relationships between them, 

combine graphs and Venn diagrams. Although Harel's work is quite new, 

Bear et al. (1989) have already created a specialization of statecharts, 

called objectcharts, for use in designing object-oriented software systems. 

And Heydon et al. (1989) specialized statecharts to model a language 

for specifying operating system security configurations. Using specializa­

tions of graphs and panels, Thomsen (1990) created an application for 

interacting with financial data. In the paper world, many worthwhile spe­

cializations of visual formalisms have been designed that would be much 

more powerful if computerized; for example, Cleveland (1985) describes 

specialized plots such as dot charts, sunflower plots, and brushed scatter­

plot matrices. 

What exactly is the nature of the process of specializing a visual for­
malism? There are four elements: the ability to structurally edit the visual 

formalism; the ability to place application-specific content objects in the 

nodes of a visual formalism; the ability to add application-specific opera­

tions to the visual formalism; and the ability to use the visual formalism 
as a framework for application-specific programming languages. We look 
at each of these in turn. 

A visual formalism must itself be editable, so that its structure can be 
changed to conform to the demands of an application; for example, a 
table may need spanning rows and columns of a particular width, or an 
outline a set of particular values for progressive levels of indentation, or 
a panel of horizontally or vertically aligned components. 
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The visual formalism must know how to contain and manage task­

and domain-specific content objects; the visual formalism is not a draw­

ing but an object-based representation in which nodes (e.g., cells in a 

table, nodes in a graph or outline) contain content objects, much as the 
cells of a spreadsheet hold numbers, formulas, and labels. While many ap­

plications can be modeled with simple integers and strings, it is the ability 

to put more specialized objects inside a visual formalism that provides 

more power for specialized applications. The content objects in a visual 

formalism are themselves full-fledged application objects with their own 

semantic operations; for example, transistors and resistors in a circuit 

design application, or innings and players in a baseball application, or 

patient records and treatment regimens in a clinical application. Content 

objects can even be other visual formalisms. An application might start, 

for example, with a panel on which components are placed, including 

perhaps a table or a graph or a plot. 

Specializing some applications will require extending a visual formal­

ism by adding new operations. A family tree editor, for example, would 

probably be implemented by extending a graph visual formalism. A ba­

sic graph visual formalism would provide only generic operations such 
as add- and remove-node, while a family tree editor should incorporate 

the additional semantics of genealogy, for example, an operation to "add 

descendant" and the constraint that you cannot be your own parent. 

Visual formalisms provide a natural framework around which to build 

programming languages for establishing relations between objects in 
nodes. The exemplar here is the spreadsheet formula language, integrated 

with a table, as we have discussed. Designing programming languages 

that exploit structure can be done for other visual formalisms as well. 

Let's look more closely at extension languages for visual formalisms. 

Extension Languages for Visual Formalisms 

As we noted, supporting relations between content objects is an important 

part of what a visual formalism should do. Much of the power of spread­
sheets inheres in the formula language that allows users to establish com­

plex relations between elements in their models. The spreadsheet formula 

language understands the components of the spreadsheet table-cells and 

ranges of cells-and leverages that knowledge to make programming eas­
ier for users. 
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The coupling of the formula language and the table visual formalism 
has a couple of important advantages. First, it makes abstract concepts 

such as variable unnecessary. Users refer to data as cells-a concrete, gras­

pable, viewable construct that seems to ease understanding (Nardi and 

Miller, 1990). Second, the formula language is able to provide an easy 

means of supplying program control: instead of writing iterative loops, 

users simply specify the range of cells over which to map an operation. In 

a conventional programming language, computing something equivalent 

to SUM(C1..C8) would require at least writing a loop iterating through 

elements of an array, and establishing and naming a loop counter and 

summation variable. In spreadsheets, iterative control is extremely easy; 

indeed, the user thinks not about "iterating" but about summing (or what­

ever the operation of interest is)-a meaningful task-specific concept of 

direct relevance to the user's work. 

The question is: Can this coupling we observe in the spreadsheet 

formula language be applied to other visual formalisms? We think the 

answer is yes, that establishing relations between content objects in nodes 

in any visual formalism will be a useful capability. For example, in an 

organizational chart application, the user might want to refer to one 

branch of the organizational tree and ask the application to perform a 

headcount operation (e.g., find out how many people work for a partic­

ular manager). Just as in spreadsheets, this can be done by casting the 

problem in terms of visible, concrete nodes. Similarly, one can imagine 

operations for components of schematics and panels, regions of maps, 

points on plots, and so forth. 

Visual formalisms support specialization in that you can edit a visual 

formalism's structure; put things inside it in an organized fashion; give 

it the operations that make sense for a particular application; and use 

it to give programming languages visible, concrete structures. Visual for­

malisms exhibit just enough structure of their own to provide a strong 

point of departure for application development, but not so much that they 

cannot be flexibly modified and extended to serve as frameworks for a 

wide variety of applications. The capacity for such specialization provides 

the kind of scope necessary for an object to serve as a true application 

framework . 
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We have proposed that visual programming, as described in chapter 4, 

is not the only appropriate means of using visual techniques in end user 

programming environments. Another way is to create hybrid systems: 

visual application frameworks that articulate with textual programming 

languages. In this approach, a graphical format is used to display data, 

and to make the components of computation concrete structures that 

constitute, in part, the primitives of the textual language . In this way, 

text and graphics are both used to good advantage. Spreadsheets and the 

Logo language for children are examples of successful hybrid end user 
programming systems. CAD systems have the potential to support textu­

ally based parametric design, a definite advance in CAD, with graphical 
tools that show important aspects of program state. 

To encourage the development of hybrid systems, reusable visual ap­

plication frameworks should be available as a basis for designing and 

developing an end user system. Some familiar frameworks that are even 

more useful in their computerized form include tables, graphs, plots, pan­

els, maps, and outlines. In chapter 7, a prototype system, ACE (Applica­

tion Construction Environment), that supports the development of visual 

application frameworks is described. 



 

6 

Collaborative Work Practices 

We must all hang together, or assuredly we shall all hang separately. 

-Benjamin Franklin 

Thus far our discussions have presupposed a single user for whom individ­
ual cognitive and motivational factors determine the appropriateness of a 
given software system. Now it is time to look at the larger system within 

which applications are created, to consider the social matrix in which 

people work, to see how social arrangements affect application develop­
ment. This is important for two reasons: (1) so that we can understand 
how to change or introduce work practices that support end user com­

puting, and (2) so that we can design software that supports and takes 
advantage of appropriate work practices. Our key argument is that by 
working coIIaboratively, end users can create richer, more sophisticated 
applications than they could working independently. Collaborative pro­

gramming affords end users more power, but not at the expense of ease 
of use. We examine the structuring of spreadsheets and CAD systems to 

see how each system supports collaborative work practices. But first we 
look at the different kinds of cooperating users, in a variety of settings, 

to how they work together to create applications. 

Recent studies reveal that an important aspect of end user computing 
is the emergence of programming communities of cooperating users that 

develop when a program is used by a group of people in some social setting 

such as an office or lab (Clement, 1990; Mackay, 1990a; MacLean et aI., 

1990; Nardi and Miller, 1991, Gantt and Nardi, 1992). We often envision 

a lonely end user laboring in isolation, just barely keeping the computer 

at bay at the best of times, and mano a mano with the machine at the 
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worst of times. But these studies show that quite the opposite is true-end 

users make good use of other people in their social environments to help 

them solve their computing problems and to compensate for gaps in their 
own knowledge of computers. 

The empirical studies, which span a wide range of computing arenas, 

show an unmistakable pattern of cooperative development of end user ap­

plications in which different kinds of users work together to produce an 

application (Clement, 1990; Mackay, 1990a; MacLean et aI., 1990; Nardi 

and Miller, 1991, Gantt and Nardi, 1992). In our spreadsheet study we 

found that communities of users span a continuum of programming skill 
ranging from end users to local developers to programmers. End users 

have little or no programming education and tend not to like computers 

strictly for their own sake; they are very focused on their own domain 

interests. Local developers are domain experts who happen to have an 

intrinsic interest in computers and have more advanced knowledge of a 

particular program. They serve as a resource for end users, training them 

and writing code for them. Programmers are professionally trained. They 
contribute bits of code to the programs of end users and local develop­

ers and help them learn new things. Programmers have a much broader, 

deeper knowledge of computing than do local developers (e.g., knowledge 

of compilers, operating systems, languages, architectures, programming 

methodologies ). 
One of the most interesting aspects of cooperative computing among 

end users is the existence of local developers. In settings where a pro­
gram is widely used, local developers seem to spontaneously emerge. In 
our spreadsheet study we discovered the presence of local developers in 
virtually all the settings we studied (Nardi and Miller, 1991). Local de­
velopers are domain experts-not professional programmers-who have 
a natural affinity for computers and develop deeper expertise in specific 
application programs such as spreadsheets. They tend to read manuals 
more frequently than ordinary end users do, they cultivate relationships 
with programmers and learn from them, and they exhibit "tinkering" 
behavior-playing around with programs above and beyond the call of 
duty. 

For example, Jennifer noted the existence of a local developer in her 
office: 
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Interviewer: Okay, so other people around here know about spread­

sheets. Are there particular people you go to, or, oh, I mean I'm trying to 

get a feel for how you kind of learn new things as you go along. 

Jennifer: Oh, there is one other guy in my department in Account­

inglFinance that knows quite a bit about spreadsheets just by fiddling 

around with them. I think he stays here late at night and plays with them. 

Ha, ha ! 

Jennifer, a dyed-in-the-wool accountant, found it quite funny that some­

one would stay late at night and "play with" spreadsheets. However, she 

used this local developer as the first line of defense in learning new spread­

sheet features. She admitted avoiding manuals whenever possible. 

Jennifer: ... I never really ever read a manual, not for Supercalc or 

lotus. I just ask people. 

Interviewer: You know other people have to ld me that, and I just find 

that amazing that people don't read manuals. 

Jennifer: ... if I get [really] stuck, then I go look it up ... 

Clement (1990), Mackay (1990a), and Maclean et al. (1990) found 

strikingly similar patterns of computing behavior in very different settings . 

In a study of Project Athena users including secretaries, managers, pro­

grammers, and other staff, Mackay (1990a) found widespread sharing of 

UNIX customization files.1 She noted that, though we tend to think of 

customization as a private, personal matter, the dominant mode of setting 

up and modifying customization files in her study involved a great deal 

of social interaction ; there were many exchanges of files, and much in­

formation sharing among different kinds of users. Systems programmers 

tried out new things in customization files and made their files accessible 

to others via broadcast mechanisms. It was the "translators," as Mackay 

calls them, who offered direct help to less sophisticated users and aided 

them in tailoring their customization files to meet their personal needs. 

Translators, much like the local developers we found in the spreadsheet 

world, occupy an intermediate position on the technical sophistication 

ladder. They have good communication skills and provide an important 

bridge between less sophisticated end users and the advanced program 

capabilities developed by sophisticated programmers (such as those put 
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out for broadcast by the Athena programmers), or facilities offered di­

rectly in a program. It is important to note that part of the effectiveness 

of translators derives from the fact that they are not outside consultants 

but are an integral part of an existing social network. They often bring a 

great deal of domain knowledge to the translating task, making it easier 

to get the functionality that the end user really wants. Mackay ( 1990a) 

recommended that we recognize and support the role of translator and 

provide tools that support translator activities. 

Mackay's research shows how sharing in a programming community 

goes beyond the informal training exchanges described in earlier stud­

ies (e.g., Scharer, 1983; Lee, 1986; Nelson and Cheney, 1987) to include 

exchanges of code (e.g. making new customizations available by broad­

cast ), and direct changes made to user files orchestrated by translators. We 

found the same code exchange and direct edits in the spreadsheet study 

(Nardi and Miller, 1991). 

A third study that uncovered the important bridging function of the 

intermediaries who bring together end users and advanced programming 

techniques is MacLean et al.'s (1990) work at EuroPARC on tailorable 

office systems. MacLean and his colleagues classified three kinds of users 

according to programming sophistication: workers, "tinkerers" and pro­

grammers. In the office setting that was studied, tinkerers performed the 

same function as local developers and translators in helping less sophisti­

cated users gain access to more advanced program features. MacLean et 

al. (1990) argued that though we should make tailoring mechanisms more 

accessible to everyone, it is also important to make tailoring a "commu­

nity effort" that draws on the varied expertise of different kinds of users. 

A systems consultant who we interviewed during the course of the 

spreadsheet study told a similar tale. Ralph Kimball described his expe­

rience of finding local developers whom he calls "advocate end users" in 

the world of Metaphor Capsule programming.2 

Interviewer: . . .  [We've heard that customers have written a lot of Cap­

sule applications actually collected by Metaphor and given to other cus­

tomers.] ... Who wrote those capsules, and what were they? 

Kimball: . .  , It didn't quite turn out that way, but it was close. The 

Capsules were written either by what I would call advocate end users, ... 

[the] ten percent of the end users who in fact like computers a nd choose to 
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program, [or by professional support staff]. '" That's a constant number 

of [advocate end users] of around 10-20 percent-10 percent in every 

department of any group. There are people w ho are prone to do this, and 

who will do complicated things, and who like programming .... I'd say, 

half of [the Capsule applications] are written by those kinds of people, 

and the other half are written by professional support staff ... 

Earlier in the interview Kimball had described the kinds of applications 

less sophisticated Capsule users build as he discussed demonstrating the 

Metaphor Capsule to prospective new users : 

Kimball: . . .  It was really easy to understand the simplest possible ex­

ample [of what a Capsule can dol-query to spreadsheet to plot. I mean, 

that has been demoed a thousand times, at least, maybe ten thousand 

times. And it was just three icons .... The standard demo, you know, you 

did a query, then you manually transferred things to the spreadsheet , and 

you manually transferred it to a plot. You say, "What if I wanted to do 

that tomorrow?" and then you connected it with the arrow, and then you 

ran it . . . .  That's a very powerful demo and captures the imagination of 

effectively anyone who watches it. It makes them think, "I can do this." 

And ... I think most people at least try that, even if they're sort of non­

programmers, they try sort of that level of stuff. In truth, right there is 
the limit of what 80 percent at least of the Metaphor end users ever do. 

In terms of Metaphor Capsule programming, Kimball observed the 

same pattern found in the other studies: end users construct simple pro­

grams, "advocate end users" construct more advanced applications, and 

professional programmers create the complex applications that require 

more programming knowledge. 

COLLABORATION AMONG SPREADSHEET USERS 

In the spreadsheet study we found that collaboration among different 

kinds of users is the rule, not the exception, and that collaboration takes 

several forms (Nardi and Miller, 1991). Typically, end users do most of 

their work within the formula language, and they are aided by local de­

velopers or programmers when they need macros; sophisticated graphs 

and charts; custom presentation formats, such as a new format for dis­

playing cell values; formulas with advanced spreadsheet functions such as 
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date-time operations; and complex formulas, such as a formula with many 

levels of nested conditionals. Sometimes local developers or programmers 

create code (macros, etc.) that they give directly to end users; other times 

they help end users themselves learn how to do something new. Together 

with professional programmers (such as those working in MIS depart­

ments), local developers work with end users to create more sophisticated 

applications than the end user could create alone. We found that users also 

debug spreadsheets cooperatively; this may happen entirely within a set 

of end users working on a common application (Nardi and Miller, 1991). 

COLLABORATION AMONG CAD USERS 

As we have seen, in some settings no planned, managed infra structural 

changes in work practices are required to support the emergence of pro­

gramming communities, which spontaneously develop as an outgrowth 

of existing social networks. Code and knowledge are readily exchanged 

among those in a programming community in the course of everyday, 

informal relationships. 

In our study of CAD use, however, we found that under some circum­

stances a somewhat different pattern evolves (Gantt and Nardi, 1992). 

We studied CAD use in seven companies, and in three of those companies 

we found the existence of "gardeners,"  that is local developers whose 

roles have been formalized such that they receive resources and recog­

nition for their support activities (just as advocated by Mackay, 1990) . 

(The other four companies had typical informal local developers.) The 

term gardening comes from the argot of one large corporation we studied 

where local developer roles have become formalized with the intent of 

"growing productivity." Gardeners are responsible for nurturing fellow 

employees and providing strong support so that employees can perform 

as effectively as possible. Gardeners are a special case of local developer; 

they are distinct from other loca l developers in that they are given recog­

nition, time, and resources for pursuing local  developer activities. Some 

gardeners are full-time, others part-time. 

In addition to performing traditional local developer duties, gardeners 

are responsible for writing and disseminating standard CAD macros and 

programs at the corporate, division, or department level and for research­

ing and providing new tools to end users. The macros and programs they 
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write may originate from their own observations of what is needed , or they 

may be created in response to user requests for certain capabil ities or re­

quests from management. Sometimes a gardener sees a macro or program 

a user has written that looks useful for the whole group. The gardener 

takes the user's file, tests the code, modifies it if necessary, and then dis­

seminates it to the group. Gardeners are always on the lookout for tools to 

enhance the group's productivity. The most advanced gardeners (and some 
local developers) also write shell scripts in UNIX, and write programs in 

the complex macro languages of some products. They may write programs 

in languages such as C or AutoLlSP.3 Such programming is required, for 
example, to perform calculations needed for CAD applications (e.g., cal­

culating part placement) or to link a CAD application to other programs 

(for example, users might need enhanced plotting utilities or links to sim­
ulation or database programs) (see Gantt and Nardi, 1992). Gardeners 

also mediate between end users and systems administrators to help users 

with hardware and software configuration, maintenance, and upgrade. 
Why does the formalization of the local developer role occur in the 

CAD world and not in settings such as offices using spreadsheets? This is 

a difficult question to answer, but our speculation is that it has to do with 

the large investment companies make in CAD software programs, which 
are quite expensive, as well as the high-end workstations on which CAD 
software often runs. In addition, CAD is often used in sophisticated net­

worked computer systems connected to databases, simulation languages, 
varied output devices, and so forth, so there is a strong systems admin­

istration component to CAD use. Between the need for systems help and 

help with the CAD system itself, end users are looking for a good deal 

of support. As we discuss later, though the current impetus for gardening 

may be economic, we believe that a cost-effective gardening model is suit­

able for other environments and can support software use of many kinds. 

COLLABORATIVE APPLICATION DEVELOPMENT AND 

SOFTWARE DESIGN 

We have seen that programming communities emerge in organizations 

where groups of workers use a common software system. In particular 

these communities are marked by the emergence of local developers (or 

"translators" or "tinkerers" or " advocate end users"), a distinctive pat-
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tern common to varied settings when a program is used by a number of 

coworkers. We have also seen that local developers may evolve into the 
more formal role of gardener. Working cooperatively, end users create 

richer applications than they could if they were working alone. But what 
aspects of a software system itself support the emergence of a program­

ming community? 
The most obvious yet most critical answer is that the software system 

must have the advanced features that permit the more complex customiza­

tions and extensions enabled by local developers and programmers. If a 

spreadsheet contained only the formula language, and no macro language 

or graphing capabilities, end users would not enlist the support of local 
developers or programmers, and they would have simpler, less powerful 

applications. An instructive example to consider in this light was the de­

cline of the first personal computer spreadsheet, VisiCalc, in the face of 

the more powerful Lotus 1-2-3. VisiCalc had no macro language and only 

a very primitive form of graphing. Lotus 1-2-3 had a macro language and 

good graphics. Though VisiCalc was introduced two years before 1-2-3, 

was priced about $300 cheaper, and enjoyed early success (selling many 

hundreds of thousands of copies (Levy, 1984)), it was driven out of the 
market by the superior capabilities of Lotus 1-2-3. 

Thus, the foremost issue in designing software systems that support 

a community of users is that the system must incorporate the advanced 

features that make sophisticated customizations and extensions possible 

in the first place. But there is more to the story than that. The system 

should also be modular, keeping apart components that are primarily for 

the use of end users from those that can be learned and used separately by 
more advanced users. The modules can be thought of as being in layers, 

such that an end user may access a first layer that is easy to use and learn , 

while succeeding layers house modules for more advanced use. (The use of 
the terms "modules" and "layers" is largely metaphorical.) The important 

point about a module is that a user can approach it as a separable piece of 

functionality that can be learned and used independently of other aspects 

of a system. 
A first-layer module in a system should be very high level, very task 

specific, and very easily learned. Other layers should permit more com­

plex programming. Spreadsheets and CAD systems share this modular 

design. Spreadsheets have a basic layer-the formula language-and a 
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macro language, which is much more flexible. By cleanly separating ba­

sic development tasks from more advanced functionality, the spreadsheet 

permits a distribution of tasks in which end users accomplish the basic im­

plementation of a spreadsheet model, and those with more sophisticated 

programming knowledge provide smaller, more advanced contributions 

in the form of code and training. Likewise, many CAD systems are lay­

ered in offering basic drawing capabilities, a macro language for certain 

kinds of customization, and a more powerful language in which complex 

extensions can be accomplished, such as AutoLISP. 

Having a modular software design in which different kinds of users use 

different modules is a way to resolve the problem of lack of power in task­

specific programming languages. In chapter 3 we argued that a language 

that has a small number of simple task-specific operations is appropriate 

for end users because of the ease with which it can be learned and because 

of its direct support for users' problem-solving tasks. Such languages are 

necessarily going to lack the power and flexibility of a larger, more com­

prehensive language. This problem is resolved through cooperative work 

practices in which local developers and programmers write supplementary 

code for end users, using modules such as macro languages and extension 

languages like AutoLISP. What can make layered systems so effective for 

application development is not that end users finally "come up to speed" 

and learn advanced features but that, right from the start, they collaborate 

with more sophisticated users whose interests lead them to deeper study 
of a software system. 

As we see from spreadsheet and CAD application development, end 

user systems do not have to employ a "single user" model; they can take 

advantage of the fact that different kinds of users work together to create 

applications. At the same time it must be remembered that end users 

must be able to do the bulk of the application development themselves; 

what makes collaboration among spreadsheet and CAD users work is that 

end users do most of the work (e.g., creating formulas in spreadsheets 

and drawings in CAD), and that local developers and programmers are 

adjuncts to the basic activity. 

Some User Profiles 
Cooperative computing only works because some users gain advanced 

expertise that they can then share with others. Thus it is critical that the 
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software provide advanced modules so that interested users can forge 

ahead and learn new things. At the same time, it must be recognized that 
some end users do not wish to learn advanced capabilities, and they will 

continue to rely on the expertise of local developers and programmers. 

We give brief profiles of two users from the spreadsheet study to illustrate 

the differing interests and motivations of two contrasting personalities. 

The first user, "Jeremy," has become a local developer. The second user, 

"Ray," has drawn a line in the sand for himself and prefers to work strictly 

within the formula language, obtaining macros from his customer support 

organiza tion. 

A conversation with Jeremy, a local developer, illustrates the quantum 

leaps in computing knowledge that an individual may experience. Jeremy 

described how he "discovered" macro programming. He is an executive­

the chief financial officer of his company-and has never taken a com­

puter science class. He received his MBA from Harvard Business School 

just prior to the time when quantitative methods (including mandatory in­

struction in the use of spreadsheets) were introduced into the curriculum. 

We had been examining and discussing a macro program that Jeremy 

wrote. He explained that after reading the manual, it finally dawned on 

him how to do what he wanted to do. We were looking at one of his 
macros that selects files for printing and sets up printing parameters. The 

macro utilizes a counter, branching, and binary variables that can have 0 

or 1 as values. 

Jeremy: . . .  And then [the macro] compares [this variable] with the 

counter over here. 

Interviewer: So this is real programming, basically. 

Jeremy: Yes, right! ... It is exactly-a program .... I found that out 

later. I didn't realize [that I was programming]. I thought I was being very 

clever-I was inventing something new! 

Interviewer: But you were actually able to figure out how to do this by 

looking at examples in the manual? 

Jeremy: That's right. Yeah, because I just mapped out: What is it that I 
want to do? ... What I would like to do is to have a series of instructions 
and have the macro search for those instructions, and based on certain 
yes/no conditions either perform the operation or go to the next step. 
That's really all I'm after. And so I kept on looking for [branching mech-
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anisms], and once I found them in the book I found so many different 

places where I could use them. (emphasis added ) 

Although Jeremy would have liked to have had an easier time finding 

out about how to use conditionals in macros, once he found out, their 

generality opened up great new possibilities for his spreadsheets, and he 

was genuinely enthusiastic about "all the different places where I could 

use them." Not only did this new knowledge benefit Jeremy but his value 

in the programming community of which he is a part increased. 

While individual end users may progress to learning new spreadsheet 

features, some users take advantage of certain advanced spreadsheet fea­

tures only through collaborations with more sophisticated users. For ex­

ample, many end users never learn to use macros, but they ask local 

developers or programmers to create macros that they then add to their 
programs. Some users draw a firm line for themselves even when they 

do know how to use a particular feature. Ray was telling us about a Lo­

tus course on macros that he had taken, though he doesn't write many 

macros. Earlier in the interview he had mentioned that he has program­

mers in Customer Support write his custom menus: 

Ray: I think the only Lotus course I took was last year, I took an ad­

vanced class, to learn how to do some fancy macros and some custom 

menus and so forth. 

Interviewer: Was it useful? 

Ray: On the macro side, yeah . It was. I learned some nifty little tricks­

how to make your macros a little more standard, a little more useful. I 

haven't done any custom menus [which also require macros]. 

Interviewer: You have your people down in Customer Support do that 

stuff. Is that because it would take you too long to do it? It's not really 

the kind of thing that, er ... ? 

Ray: Yeah. There really isn 't a real need ... It's not my specialty. Most 

of what I do is ad hoc stuff. 

Ray 's point is that writing macros is not his real work. The program­

ming effort is too great to justify taking his time away from "the ad 

hoc stuff," by which he means building forecasts and projections of 

budget activity in the departments he serves. That is his "specialty," not 

programming. 
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Users thus take advantage of advanced spreadsheet features such as 

macros without necessarily creating them themselves. Likewise, advanced 

spreadsheet functions such as database, date-time, and error trapping 

functions can be learned on an as-needed basis (often through interaction 
with more experienced users) or turned over to more advanced users to 
program. Graphs, charts, and many features of the user interface toolkit in 

spreadsheets provide further functionality that is often incorporated into 
end users' spreadsheets via cooperative computing practices. In having 

different, modular pieces of functionality that can be learned and used 

separately, spreadsheets allow different kinds of users to make distinctive 

contributions to a given spreadsheet application. Most importantly, the 

advanced expertise gained by individual users becomes more than just the 

knowledge of a single individual; it is a shared community resource. 

A final point to be made about the importance of a layered software 
design is that such a design provides a growth path for individual users, 
even if they are not classic local developer types. Any individual user may 

learn and use the different pieces of a spreadsheet program at different 

points in his development of spreadsheet expertise. Progress along the 

path may take place at a very slow pace, but progress is possible. 
Jennifer, for example, has been slowly building up her knowledge of 

spreadsheets for about five years. As we saw above, she lacks the interest 

to tinker around with spreadsheets, but still, she has been learning new 

things over time. She herself can help other less experienced users in her 
environment: 

Jennifer: . . .  I [help] the Controller. When he's got something on his 

spreadsheet and he wants me graph it, I will say, "Can I borrow your 
disk?" and I will just copy that. 

Interviewer: Why doesn't he graph it himself? 

Jennifer: He may not have time. Usually he doesn't have time. We are 

all teaching each other too. He usually comes to me, "Now how do I do 

this? I know you did this, [so show me]." So he doesn't read the book 

either! 

Organizing software functionality around different kinds of cooper­

ating users makes the range of things end users can do with software 

products much greater. It also acknowledges that some end users will 
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eventually attain more expertise with a program as they become more 

familiar with it (whether they come to act in the supporting role of local 
developer or not) and will want to be able to learn more sophisticated ca­

pabilities. Some approaches to end user computing, such as programming 

by example or user modeling (Wolz, 1990), assume that not only do end 

users remain rather deficient but that they work in isolation, without a 

community of cooperating users. This is a limited view of end users and 

will ultimately mean inhibiting their growth and the kinds of applica­

tions they can create. In the CAD study, three of our users spontaneously 
brought this point up in their interviews. (We did not ask about it; it was 
a topic they introduced because they thought we would be interested.) 

"Rick" described three levels of users who should be supported-in his 

terms: "the idiot level, the full-fledged program level , and the power user 

level." "Warren," whose CAD system (for electrical engineering) offers 

few facilities for specialization, expressed dismay at the limitations of his 

system compared with another more sophisticated system some of his 

colleagues in another department were using: 

Warren: I'm very jealous because they have this incredible flexible abil­

ity to change and do anything. One of the problems with people who write 
tools is that they assume ... they try to protect the users too much. And 

they don't recognize that there's different levels of users. You can have be­

ginners, general users, and experts , and for the expert user, a lot of places 

will hire somebody to be an expert user just to [do] the customization, to 

do all the neat productivity things that make such a difference. But you 

have to have that flexibility to start with .... I find myself with most of the 

PC [printed circuit] tools, there's not much I can do with them (emphasis 
added). 

CULTIVATING GARDENERS 

Just as software design should anticipate and plan for the existence of a 

community of cooperating users, work practices should be designed to 

optimize the differing contributions of the users in a programming com­

munity. The informal arrangements by which local developers support 

end users seem to be reasonably effective in enhancing the application 

development process. However, we believe that the gardening model is 
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a better one because it ensures a reliable source of high-quality support. 
Cost-effective means of supplying gardening to a group can be achieved 
simply by using part-time gardeners where that is appropriate. 

Let's look in more detail at the costs and benefits of gardening. 
Our study of CAD use supports Mackay's (1990a) contention that the 

activities of local developers should be recognized and promoted. In the 
organizations that we studied in which the role of gardener has become a 
formal position, our assessment is that the benefits far outweigh the costs . 

End users are comfortable with CAD software because they are assured 
assistance in all aspects of CAD use - whether they are writing macros, 

learning new tools, or keeping abreast of the latest developments in CAD. 

Gardeners-who enjoy tinkering with computers-are given official leave 

to do so. Their communication talents are engaged as they provide an im­

portant bridge between system administrators on the one side and domain 
experts on the other, as well as communicating with users as they help 
them in debugging, learning new capabilities, and so forth. A gardener can 

save time and money by making it unnecessary for users to spend their 
time reinventing the wheel (creating redundant macros and programs); 

instead, the gardener offers standard versions of these resources to the 
entire group. Employees can be more productive because they are con­
centrating on their domain-related tasks. Establishing a gardener creates 

a finer-grained division of labor among software users that increases ef­
ficiency and motivation because it is firmly grounded in users' interests 

and abilities. 

An important benefit of gardening is that managers can feel confident 

that the standardization and integrity of the macros, programs, and 
data used by their staffs will be maintained. Many managers and MIS 

personnel are made somewhat nervous by the whole notion of end user 
computing because the potential for chaos is real: data can disappear, 

users may waste time managing their systems instead of doing their 
work, and esoteric, personalistic specialization can reduce the utility of 

the programs developed by end users (see Panko, 1988). With a gardener 

in place, these concerns can be dealt with. It is the gardener's job to 

maintain standards and to offer users standard programs that they can 

use to get their work done. A gardener is someone between management 

and users and is trusted by both. Because gardeners are fellow domain 
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experts and not outsiders who lack understanding of the everyday pat­

terns of work and group interaction, they are more likely to be effective 

in dealing with the group's concerns. They can in fact anticipate these 

concerns and handle them proactively in a way that is impossible for 

outsiders such as systems analysts or MIS personnel . 

A problem that we found with formalizing the local developer role is 

that not all managers recognize the benefits of having a "productivity" 

person on board. They may feel that this is a waste of a person who 
could be working to "contribute to the product." When a higher level 

of management mandates a gardener, the lower-level manager may feel 

that he or she is less effective and cannot utilize available resources in 

the best possible way (see Brooks and Wells, 1989). When this happens, 

at a minimum it would seem useful for managers to evaluate whether 

a project really does have enough resources. It may be that a manager 

has not thought through the benefits of including a productivity person 

in the group, or there may truly be a situation of insufficient resources. 

Adding a gardener to a group will involve some kind of economic 

analysis to determine just when the shifting of resources really makes 

sense. An indication of the need for a gardener is the situation in which a 

local developer is devoting considerable time to group support activities 

without official recognition and resources. From an economic viewpoint, 

adding a gardener to a group is not simply a matter of dividing up the 

same resources differently; there are true economies of scale in having 

a single person develop group macros, research new tools, and create 
common standards that allow a group to avoid the costly conflicts and 

obstacles that arise when group members are doing things differently. In 
some cases, certain kinds of productivity gains would not occur at all 

without a gardener; for example, a gardener may discover and bring to 

the group a new productivity tool that would not have been found by 

the average user trying to just get her work done. Experimentation with 

the gardener role will undoubtedly be necessary to make it fit the needs 

of the individual group. Some groups may feel the need for a full-time 

gardener, while others can get along with a part-time person. 

Another problem with gardening is that there is not always a person 

with the right combination of technical and social skills available to as­

sume the job. A person who is technically skilled but uninterested in 

intensive interpersonal interaction may not have much of a green thumb 



118 Chapter 6 

when it comes to helping other users. By the same token, a person with­

out sufficient technical skill would not be an effective gardener. In our 

study we found a somewhat reluctant local developer, "Steve," who typ­

ifies at least part of the problem of finding the right mix of skills. Steve 

is a highly skilled electrical engineer. He and another engineer work on a 

project where they are creating complex simulations. Some of the other 

teams within the company are doing similar simulations, and, instead of 
learning how to program the simulation themselves, they ask Steve and 
his partner to help them. Steve's ambivalence about acting in a support 

role comes through in the following only half-humorous exchange: 

Interviewer: So you guys are sort of the experts? 

Steve: We're supposed to be, but ... 

Interviewer: (laughing) But you're not really? Well, do people come and 

ask you for help? 

Steve: (laughing) Well , the thing is, I'm no smarter than any of those 

guys and ... we try not to answer their questions. 

Interviewer: So you don't like to share what you've done? 

Steve: No, no, we will help . It depends on the time ... 

How do organizations cultivate gardeners? The right mix of skills is 

important, as the above example illustrates. A gardener cannot be ran­
domly chosen out of a group of users; there must be genuine interest and 

enjoyment in assisting less knowledgeable users on the one hand, and the 
desire to learn one's way around the operating system and a program­

ming language on the other hand. Brooks and Wells (1989) noted that 

when users are learning a new system in a training class, often one person 

stands out in interest and ability and can be identified fairly early as a 

potential local expert. More generally speaking, their point is well taken: 
rather than selecting someone to be a gardener at the introduction of a 

new system, it is better to wait until users have had some exposure to the 

system, looking for those who gravitate naturally toward its use. 

The results of our study indicate that another factor that contributes 

to gardeners' effectiveness is that they come from the rank and file: they 

know the domain, the users, the frustrations, and problems. The need to 

expend great effort translating domain knowledge to computer experts is 

avoided. Gardeners who are domain experts have "been there before"-
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and they show concern and empathy for their users. They know how it 

feels to be frustrated and unproductive because of software or hardware 

limitations. 

A problem that Mackay (1990a) reported in her study of UNIX cus­

tomization was that the local developers (or translators as she called them) 

often were not as knowledgeable about computers as would have been de­

sirable, and as a result, they sometimes distributed buggy code throughout 

the organization. We did not find this to be a problem among the garden­

ers we studied because their level of computer expertise was high, and they 

were able to meet the technical challenges. While CAD users may typi­

cally start out with an advantage in having a good technical background, 

users in other fields can strive to attain a high level of computer compe­

tence through training and studying on their own. (Indeed, many of our 
CAD users had taken programming and product classes and had devoted 

a great deal of time to self-study.) Cultivating gardeners should involve 

making the time and money available for such training and study. More 
generally, solving the problem of distributing quality code means support­

ing the local developer role in a formal way, to ensure that adequate time 

is devoted to testing and debugging code to be given out to the group. 

If an organization can manage to train gardeners to a high enough 

standard, the need for professional programmers largely disappears, at 

least with respect to the well-designed commercially available products 

that support end user computing, such as CAD systems. In our study we 

found no instance of users resorting to programmers for assistance in 

specializing their CAD software. When macros and programs are written 

by gardeners, it is with group use in mind (so idiosyncratic code is not 

produced) and with a good command of the domain and the end users' 

concerns. In Mackay's (1990a) study, the UNIX customizations were writ­
ten by professional programmers for their own use, and the "translating" 

needed before end users could make use of the customizations was consid­

erable. 4 Of course that was a different setting, and the comparison cannot 

be stretched too far, but the point is that gardeners can produce code from 

the outset that is intended for group use, and, most importantly, with a 

very clear p icture in mind of the group's needs and preferences. 

While we believe that a major strength of gardeners is their origin as 

domain experts, we can also see a potential problem in this arrangement. 

Over time, full-time gardeners may lose touch with the domain side of 
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gardening as their activities come to be defined purely in terms of support. 

The most effective gardeners will make a special effort to keep up with 

advances in their field and to be cognizant of the changing work practices 

in which they themselves are not directly participating. Some gardeners 

may want to rotate out of gardening periodically to renew and update 

their domain knowledge. 

REMOTE COLLABORATION AND SOFTWARE REUSE 

In this chapter we have concentrated on communities of cooperating users, 

and how to design software systems and work practices that support 

collaboration. But there is another aspect of cooperation that is less direct, 

but equally important: the sharing of software artifacts. 

Tee ( 1992) reported that the CAD users in her study rarely started a 

design from scratch, but worked from existing designs, often designs cre­

ated by someone else. Even a design for a completely new part is typically 

based on existing parts. Thus much sharing of drawings goes on between 

users, some of whom may never have met each other. Tee (1992 ) notes 

that this situation means that "it is important for drawings to be com­

municable and well-documented," once again underscoring the need for 

good visualizations of the constraints underlying parametrica lly designed 

parts. Annotation facilities to document part design are also important to 

maximize the effectiveness of reuse (Tee, 1 992 ) .  

In  the spreadsheet study we found a very similar situation. Users share 

spreadsheets in the form of templates, and often the assumptions under­

lying a template are unclear and must be communicated to the person 

attempting to use the template. For example, the user might need to 

know whether a particular cell value is based on headcount or revenue. 

Documentation facilities that allow users to make such annotations in 

a clearly communicated way would be helpful. Users in our study re­

ported that currently available facil ities that allow notes to be attached 

" behind" cell values are inadequate, and a new format that makes an­

notations more visible and flexibly organized would be desirable. As in 

CAD systems, users also need better visualization facilities for exposing 

cell dependencies. The cooperative debugging practices we described for 

spreadsheet users would also be better supported by visualization and 

documentation facilities (Nardi and Miller, 1 99 1 ) .  
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Considerations of software reuse amplify the need for the visualization 

and annotation facilities that are necessary to support the activity of ind i­

vidual end users. The sharing implicit in reuse also dictates that end user 

systems adequately provide system-level capabilities for versioning, per­

missions, and updates to manage the inevitable difficulties of multiperson 

systems (see Berlin and O'Day, 1 990) .  

SUMMARY 

Collaborative programming involves both remote collaborations achieved 

via reuse of software artifacts and face-to-face or media-supported com­

munication in which users directly communicate problems and solutions 

to one another. End user systems should take advantage of the informa ­

tion sharing that collaboration affords and the immense opportunities it 
presents to end users to create more sophisticated applications . 

The division of labor is a cultural universal-every society, even the 

simplest thirty-person band of hunter-gatherers, has its specialists. No 
one is expected to know how to do everything-or to be interested in 

knowing how to do everything. For our purposes, the problems are to 

establish a division of labor that promotes end user programming and to 

design both software systems and work practices that take advantage of 

that division of labor. 

Making software systems too simple means that the k inds of applica­

tions end users will be able to create will be l imited. Software systems 

should be designed to take advantage of the naturally occurring division 

of labor in which end users do the bulk of the application development 

but are aided at critical junctures by more computationally sophisticated 

users. Software systems that do not incorporate more sophisticated mod­

ules such as macro languages or extension languages miss an opportunity 

to provide a richer environment for end users who can take advantage of 

advanced program features through cooperative computing practices. 

As we have seen from the examples of programming communities in a 

variety of programming arenas, what gives local developers their raison 

d'etre and incorporates programmers into the community inhabited by 

end users is the possibility of relatively more advanced users aiding rela­

tively less advanced users through their superior knowledge of advanced 

program features. Rather than have a system that is limited to things that 
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are easy enough to provide purely through simple interaction techniques 

such as setting variables in forms, the alternative is to have programs that 

layer complexity such that end users can accomplish many but not all 

programming tasks, turning to more experienced users to obtain either 

training or code when their lack of programming knowledge prevents the 

successful completion of a task. Organizing programming functionality 

around different kinds of cooperating users makes the range of things end 

users can do with computers much greater. 

Just as software design should incorporate the notion of communities 

of cooperating users, those communities themselves can be better orga­

nized and managed. Experience with CAD systems has given us a model 

in which local developers evolve into gardeners who nurture end users' 

productivity by providing a high level of software support. Being domain 

experts themselves gives gardeners a significant edge over more traditional 

forms of support such as customer hodines or in-house systems admin­

istration support. Gardening is effective because it establishes a division 

of labor based on people's skills, interests, and abilities. Most important, 

gardeners provide a reliable source of high-quality support to users work­

ing with complex software systems. One of the informants in our study, a 

" head gardener" who coordinates the activities of a worldwide network 

of gardeners, summed up the value of gardening this way: 

There's an analogy [to gardening] that I think is very good. You know, [here at 
our company] we have these wonderful hardware systems . . .  and we have this 
wonderful software that we're all using. But we're not really using it to its full 
potential . . .  I'd say that even though we're doing all this great stuff, we're using 
maybe about 50 ,  60, 70 percent of the capacity that these tools have to offer. And 
it's kind of like having this race car in the Indy 500. You know, your boss is giving 
you this wonderful , fast, fast car, but . . .  we don't have a pit crew to help us gas 
up the car, and fine tune it, and get it to run really fast and beat everybody else. 
So it's really kind of the development engineer's out there racing this car, trying to 
win this race; getting out of the car, gassing it up, changing the tires themselves, 
and trying to understand all a bout this car. We don't have a team in place to help 
people do this. We j ust have a bunch of individuals. And I'm trying to build these 
teams so that we can help each other out more. 

The image of team building is an appealing one and makes good or­

ganizational sense. More effective use of software systems will be made 

when managers cultivate gardeners, and when software design efforts take 

into account the patterns of cooperation among different kinds of users 
working together to create applications. 
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Scenarios of End User Programming 

"Dh Kitty, how nice it would be if we could only get through into Looking 
Glass House! I'm sure it's got, oh! such beautiful things in it! Let's pretend 
there's a way of getting through into it, somehow, Kitty. Let's pretend the glass 
has got all soft like gauze, so that we can get through. Why, it's turning to a mist 
now, I declare! It'll be easy enough to get through ... " 

-Alice to Kitty in Through the Looking Glass by Lewis Carrol! 

Offices, factories, corporations, government agencies, schools, universi­

ties, hospitals, laboratories, and libraries will continue to need complex 

software systems to make the functioning of these institutions more man­

ageable, to promote creative work, to enhance instruction, and to make 

workers more productive. To use computers cost-effectively, people within 

the organizations will have to develop applications because professional 

programmers are too expensive and too scarce. The process of transfer­

ring domain knowledge to a programmer, and going through the necessary 

iterations to get the desired application, is inefficient. Post hoc extension 

and customization of an application involves the same cycle of ineffi­

cient use of human resources if programmers must be involved, but the 

need for such extension and customization is the rule rather than the 
exception. End users who themselves have control over computational 

resources will be able to effectively manage application development and 

ongoing extension to meet changing needs. Computing work must there­

fore be distributed across the people in an organization, not bottlenecked 

at programming professionals. One piece of the solution to the produc­

tivity puzzle then, is to increase the value of computers by increasing the 

efficiency and effectiveness with which ordinary people use computers to 

build the applications they need. 



124 Chapter 7 

As we have seen, most research efforts in the realm of end user pro­

gramming have aimed at one of two targets: inventing a new interaction 

technique to relieve users' problems with communicating with the ma­

chine or discovering how to make conventional languages work for end 

users. A different way to look at the problem of end user programming is 

from a semantic vantage point, focusing on users' tasks. In this approach, 

the overriding goal is to leverage users' skills and interests in the design 

of a programming system. 

The task-specific approach adopts a positive rather than negative view 

of end users: instead of emphasizing users' deficiencies to be remedied, 

the task-specific approach attempts to capitalize on users' strengths. The 

idea is to build on users' existing domain knowledge and skills; end users 

have spent years building up a corpus of domain expertise and communi­

cation ability that can be successfully exploited in end user programming 

systems. We hope to see an end to the use of such words as "casual," 

"novice," "naive," or "nonprogrammer" with respect to end users-end 

users are serious professionals with extensive training, experience, and 

knowledge in their chosen field. Computer-centric terms such as "novice" 

obscure the possibilities for creating appropriate end user systems and are 

prejudicial in assigning prominence to the computer. 

In a less philosophical vein, we believe that end user systems should be 

task-specific because users do not want to learn or use unfamiliar low-level 

programming primitives and they prefer to work within the idiom of their 

domain tasks. For these reasons, conventional languages are to be rejected 

as a solution to the problems of end user programming. An understanding 

of the tasks users perform will dictate the specific interaction techniques 

that are useful, but a specific interaction technique is not the point of 

departure for system design. 

It is noteworthy that virtually all of the successful end user systems in 

widespread use today are task-specific: spreadsheets, statistical packages, 

CAD systems , 4GLs, text formatters that allow significant customiza­

tion such as FrameMaker, and systems such as Mathematica and Logo. 

Some system genres are highly specialized. CAD systems, for example, 

are specialized for particular domains such as architecture, and electrical, 

mechanical, and civil engineering. Document systems may be specialized 

for the production of different types of documents such as slides, legal 

documents, and business forms. None of these systems is perfect; they all 
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have easily enumerated flaws. But it is impossible not to be struck by the 

twin facts that these systems are in use by millions of actual end users, 

and the one thing they all share is task-specificity. 

The interaction techniques used in these systems vary widely. Some are 
hybrid systems that incorporate both text and graphics, such as spread­
sheets with a textual formula language and a graphical display of program 
state in the spreadsheet table, or CAD systems with textual macro lan­
guages coupled with graphical drawing capabilities . Others are purely tex­
tual such as 4GLs and statistical packages (especially the earlier versions 
of these packages, which have been successfully used since the 1970s). 
Text formatting systems often make use of a forms-based interface. We 
do not know of a task-specific visual programming system in widespread 
use, except possibly HP VEE (whose base of active users we cannot esti­
mate). Programming by example is a new technique that has not yet had 

time to percolate to commercial use; its future will be interesting to watch. 

The importance of task-specificity in end user systems suggests that the 

problem of helping end users to be more productive with computers does 

not lie in extensive education, or in providing scripting languages that are 

general-purpose but "easy" to use, or in finding the ultimate interaction 

technique. Rather, designers should start with a clear sense of and respect 

for the tasks that end users will be doing, and then design a system that 

best supports those tasks. 

But we can say more than this. Based on our ethnographic studies of 

spreadsheet and CAD users, as well as our reading of the literature on 

end user programming, we have argued that a recipe for successful end 

user programming systems includes task specific programming languages, 

visual application frameworks, and support for collaborative computing 

practices. End user computing environments should support a specific set 

of activities for a community of cooperating users who will fall within 

some continuum of interest and skill with computers. This implies a large 

number of specialized computing environments. In order to develop the 

task-specific environments for the many domains that are not yet served 

by commercial products, good software tools will be necessary, if develop­

ment is to be cost-effective. Several such tools are at the research stage and 

promise to make the development of highly specialized end user program­
ming environments cheaper and faster. These tools include ACE (Johnson, 

1992; Zarmer and Chew, 1992; Zarmer et aI., 1992; Johnson et aI., 1993; 
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Nardi and Zarmer, 1993), BOZ (Casner, 1991), ITS (Gould, Boies and 

Lewis, 1991), Garnet (Myers et ai. , 1990), Unidraw (Vlissides and Lin­

ton, 1990), Andrew (lT C, 1988), D2M2-Edit (de Baar, Foley and Mullet, 

1992), Workspaces (Olsen, McNeill and Michell, 1992), Spark (Marques 

et ai., 1992), Mosaic (Parker, 1992), and Humanoid (Szekeley, Luo and 

Neches, 1992). These systems attempt to provide higher level software 

building blocks, above general programming languages and windowing 

toolkits, that facilitate the development of the semantic and/or user inter­

face components of applications. 

One such effort is ACE (Application Construction Environment), a pro­

totype system built at Hewlett-Packard Laboratories in Palo Alto. ACE is 

a set of C++ class libraries and includes ACEKit, a user interface manage­

ment system to handle the wiring of user operations to the user interface 

(Zarmer, 1991); ACE Visual Formalisms, a collection of visual formalisms 

to serve as visual application frameworks, including tables, graphs, panels, 

and outlines (Nardi and Zarmer, 1993); GLUE (Generalized Language 

for User Extension), an extension language linked to visual formalisms 

for the creation of task-specific languages (Zarmer et ai., 1992; Zarmer 

and Chew, 1992) and Selectors, a set of "smart" widgets (Johnson, 1992). 

See figure 7.1 for a diagrammatic overview of ACE. 

A particularly important aspect of ACE is the extension language that 

exploits the structure of visual formalisms and allows for the creation 

of task-specific languages directly linked to a visual form. In ACE, the 

extension language understands nodes in any visual formalism and can 

reference them and their contents. It is interpretive so that it can be used to 

write languages that behave much like the spreadsheet formula language; 

changes in one node are propagated to other nodes and are immediately 

displayed within the visual formalism. The extension language is the basis 

for task-specific languages for particular applications; programmers write 

primitives (such as SUM) using the mechanisms provided by the extension 

language. The extension language will enable programmers to develop 

useful languages that take advantage of the structure and appearance of 

visual formalisms, just as the spreadsheet formula language does. 

The details of the software components in A CE are described in the 

publications cited; in this chapter we sketch two applications that use 

ACE components to show how such an application construction toolkit 

can make it easier to create highly task-specific end user programming 
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Application Construction Environment 
Goals: 

Produce specialized. task-specific applications 
Enable end user programming 

End user eluension language 

Visual fonnalisms 

Visual 
formalisms 
.. Tables 
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* Maps 
.. Outlines 

Figure 7.1 
ACE overview 
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"Command 

selectors 

ACEKit 
.. Semantic 

feedback 
.. UI toolkit 

I Application daUl objects 

Application 
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application 
specific 

environments. These examples are intended to suggest how future end 

user programming systems can be designed and constructed. 

CREATING A HOSPITAL FLOW SHEET 

Our first example highlights the use of visual formalisms and sketches a 

scenario of collaborative development . We describe the process of build­

ing an application similar to an existing, commercially available Hewlett­

Packard product, Care Vue.1 Care Vue is an automated patient record 

based on the tabular flow sheet used in hospital intensive care units to 
record patient data. Each row in the flow sheet represents a different mea­

surement, and each column represents the time a measurement was taken. 

To build Care Vue, we start with a table visual formalism. The basic 

exercise is to spec ialize the table and its content objects (see chapter 5) 
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Figure 7.2 
Creating the CareVue application. We begin building the application by asking 
for a table of lOx 20 cells. We make the content type of each cell a string, as a 
beginning default. This is done through a menu selection from the Cell menu at 
the top of the table. We put in some text labels by typing directly into the cells. In 
this first step, we have selected the table as a visuaVsemantic framework within 
which to construct our application. We have thought about ceII content types, 
and sketched a little application data into a cell as a text label. 

until we have achieved a hospital flow sheet that captures our intended 

domain semantics. Specializations will include altering the structure of 

the table, placing appropriate content objects into table cells, and adding 
selectors to access end user operations. 

Figures 7.2 through 7.4 illustrate the interactive process of rearranging 

the table and selecting cell content objects that create Care Vue. The basic 
activities of application building are to alter the layout of the table so that 
it organizes the application data properly and to place the correct content 

objects in cells. 
As you study figures 7.2 through 7.4, notice that the structural alter­

ation of the table and the basic layout of the information in cells can 

easily be managed by an end user; no programming knowledge is re­

quired. The entire flow sheet can be laid out using text labels so that 
its overall design can be established by an end user. Programmer-created 
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Figure 7.3 
Specializing the CareVue table. Using the mouse, we join some cells to create 
spanning cells for headers Patient, Date, Time and the daily time periods that the 
flow sheet tracks. We type the headers directly into the spanning cells as text labels. 
Using the mouse, we drag out the second column to a larger size to accomodate the 
larger labels needed for HR, ABP Sys/Dias, etc. We now have the basic format of a 
flow sheet. In this step we have structurally altered the table to better organize the 
patient data as used by doctors and nurses, and we have named the appropriate 
categories in the headers. We type in some sample application data Uohn Smith, 
January 1991) just to see how it looks. 

application -specific objects can then be placed in the table later simply by 

changing the content type of the relevant cells (see figure 7.4). 
A programmer will have to be called in to make some extensions to the 

ACE table visual formalism, and to create some application-specific ob­

jects. The major extension to the table visual formalism for the CareVue 

application is to add coordination with a database in order to provide the 

high data reliability required for a hospital application. CareVue allows 

users to record annotations with data values. To support annotation, the 

programmer constructs a specialized version of table cell objects that 

provides for annotation objects as well as a primary data object . The cell 

presenter objects would then be similarly specialized to indicate whether 

an annotat ion was present and show it on demand. Cell objects can also 
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Figure 7.4 
Completing the CareVue application. We join some more cells to create spanning 
cells for headers Vitals, Respir, Labs. We fill in the categories for Respir (Vent 
MODE, Base Excess, etc.) and Labs (KI Na, Cl, etc.) that are needed. We decide 
that the subparts of the table Vitals, Respir, and Labs should be individually scrol­
lable because each contains many subcategories, so we create them as partitions 
using the Partition menu at the top of the table. Now the flow sheet still shows 
the high-level categories Vitals, Respir, and Labs in a single screen, but the user 
can easily navigate further down within each category without losing the overall 
visual shape of the flow sheet. 

We change some cell content types such as HR (heart rate) and Resp Rate to 
integer, and change ABP SyslDias (blood pressure) to the application-defined type 



Scenarios of End User Programming 131 



132 Chapter 7 

be specialized to create intermediate values when they do not have a 
reported value. 

A number of specialized data types are created by a programmer to 

represent values such as blood pressure . Integers could be used, but it is 

better to produce a class that models blood pressure more precisely (e.g., 

a blood pressure has two components; reasonable values are between 0 

and 300; and one value should be lower than the other). This also allows 

for specialized presenters to show the values. 

The v isual appearance of Care Vue is largely tabular, but it provides 

extra filtering and scrolling options to allow different predefined subsets 

of the table to be viewed at the press of a button (see figure 7.4). The 

ACE table visual formalism already provides the necessary filtering and 

scrolling services. 

The last step in creating CareVue can be done by the end user: to pro­

duce the finished application, the table is placed on an A CE panel along 

with the ACE selectors that allow for the selection of table partitions 

(figure 7.4). 

One of the motives for presenting the CareVue example in detail is to 

suggest how using visual formalisms as application frameworks changes 

the process of application development. The chief point is that application 

development merges with user interface design: one does not build "the 

application" and then tack on a user interface; rather, the two processes 

are more closely interwoven, and the user interface, by being subsumed 

in the application development process, comes to be a critical aspect of 

organizing and presenting application semantics-not an afterthought. 

Architecturally, ACE content objects are kept separate from visual for­

malism objects (see Nardi and Zarmer, 1993), but in terms of using these 

objects once application development begins, there is a much more com­

mingled process. The visual formalism provides an overarching applica­

tion framework that structures and displays application objects, exposing 

their individual values as well as their relations, rather than a more su­

perficially conceived "view" of the objects. 

Does using visual formalisms as the basis of applicat ion development 

mean that there is only one true visual formalism per application? Of 

course not; there are often multiple ways to display data that make sense. 

However, for constructing applications, including the necessary program­

ming to create the application, it makes sense to provide a common, uni-
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Figure 7.5 
Creating an org chart 

form application framework that is shared by a group of users and permits 

the development of an appropriate language that takes advantage of the 
structural components of the visual formalism, as do spreadsheets (see 

Nardi and Miller, 1990). In spreadsheets, users may do such things as 

plot data from the spreadsheet table (into line or bar charts, for exam­
ple), but the table visual formalism remains the application construction 

environment. 

CREATING AN ORGANIZATION CHART 

Let's look at an application that uses a different visual formalism but fol­
lows the same principles we saw in CareVue-<:ollaborative development 

and hybrid visual programming with the use of a visual formalism-based 
extension language. To create an "org chart" using ACE, an end user 

would begin with a graph visual formalism. She would then create nodes 

for individuals in the organization and link them together with the built-in 

editing operations provided by the graph (see figure 7.5). To keep track of 
the number of people in the organization, the user would create a "head­

count" variable as an integer object and attach a formula to a node in 
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the graph using the extension language . A simple string object "Head­

count" labels the integer node that contains the headcount and formula. 

The formula attached to Node [5] is: 

[5 - - > SetValue] = number-of(ExpandNode ([0]) 

where Node [0] is the root node representing Sue. 

Note that in the org chart the extension language refers to nodes in a 

graph, analogous to the cells in a table that a spreadsheet formula language 

references. It is a natural way for an end user to think of making a 
calculation over information that is best represented in a graph, that is, 

perform a calculation over the nodes in this branch of the tree starting with 

a given node. The graph provides a clear visualization of application state, 

and the user need only click on the appropriate nodes to enter the formula. 

To develop this application, the end user might start by creating the 

nodes for individuals as string objects. But then she might discover that she 

wants a more complex representation, something like a "person object." 

To create this new datatype, she can start with a panel visual formalism, 

as shown in figure 7.6. 
She creates the appropriate fields as integer and string objects, giving 

a concrete example of a person in the application (here John Q. Jones). 

She then invokes the ACE operation "make into prototype" and supplies 
a datatype name. Now ACE "knows about" person objects, and they 

appear in the system as standard semantic types such as string or integer. 

Their components can be accessed through the extension language. She 

can add fields to the prototype as she discovers more about what she 

wants a person object to be. 

Our user may now find that she wants a more complex user interface 

showing only selected aspects of the person object. In fact, she wants 

something like figure 7.7 in which a panel with an individual's name al­

lows the user to browse to a presentation of the person with birth date, 

gender, and address fields shown. This is more than she knows how to 

build interactively using the ACE panel. To achieve this user interface, 

the end user asks a programmer to help her. This aspect of the develop­

ment of the person object is an example of collaborative programming 

in which the user successively refines her idea of what she wants in the 
application, working both independently and with a programmer when 

she has reached the limits of her abilities . 
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Figure 7.6 
A person object 

John Q. Jones 

Show More Info ... ' 0  
SS: 1234 Andover St. 

San Francisco, CA 94112 
Close 

Figure 7.7 
A person object created by a c++ programmer 

After considering these examples, a more detailed diagram of the ACE 
architecture will make more sense (see figure 7.8). Note the different mod­
ules for different kinds of collaborating users. 

* * * 

As we hope we have conveyed in this book, the extension of computa­

tional power to end users is but "a small matter of programming." This 

is true for end users themselves, who will, with the right tools, abolish 
the distinction between "end user" and "programmer." It is also true for 
researchers, designers, and developers who see the promise and fascina­
tion of working on solutions to the problems of end user computing. It is 

encouraging that efforts to promote end user programming are underway 

at large companies such as Hewlett-Packard, DEC, Xerox, 5chlumberger, 

and Apple Computer; at small start-ups such as Interval Research of Palo 
Alto; and at universities such as Carnegie Mellon, University of Michi­

gan, Fordham, Loughborough University of Technology, and Cambridge 
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University. The collective perspectives and talents in these diverse orga­
nizations will surely lead to advances in end user computing in the near 

future. 

We have learned from our studies of end user computing by casting a 
wide net, looking across a variety of everyday activities , taking into ac­

count what people accomplish with such quotidian artifacts as s lit-gongs, 
baseball scoresheets, and knitting patterns, as well as by paying careful 

attention to the use of successful end user programming systems. Our 

interactions with users of a variety of end user programming systems, 

including spreadsheets, CAD systems, and Logo, give us reason to be­

lieve that, in time, we can and will fulfill the true potential of co mputing 

machines, to make our everyday lives and work more efficient, effective, 
creative, and pleasurable. 



 

Appendix 

Spreadsheet Study Questions 

1. What do you do here (i.e. what are the tasks of your job)? 
2. What do you do with spreadsheets? (This question involved looking at actual 
spreadsheets on-line and/or in paper copy. We looked at spreadsheet structure, 
the use of annotations and labels, formula complexity, how spreadsheets are used 
during meetings, etc. as part of this question.) 
3. Who else uses this spreadsheet (of those we talk about in question 2)? 
4. How did you create this spreadsheet (of those we talk about in question 2)? 
Or alternatively, who created it and who else uses it? 

5. How accurate is your spreadsheet? How do you know? 
6. How do you find errors? 
7. How do you fix errors? 

8. Are there any problems you tried to solve with spreadsheets where the spread­
sheet approach didn't work? If so, what are they, and what were the problems? 
9. What is your educational background? 
10. What do you like about spreadsheets? 
11. What do you dislike about spreadsheets? 
12. What would make spreadsheets easier to use? 
13. What would else would you like spreadsheets to do? 

CAD Study Questions 

1. What is your job/position? 
2. What is your educational and job-related background? 
3. What is the work processlflow, and where does CAD fit in? 
4. Do you share your work with others in your group? If so, how? (Do you share 
CAD files, paper drawings, etc.?) 

5. What CAD system (s)  do you use? For what function? 
6. Has your system been customized? If so, who does it, and what specific cus­
tomizations have been done? 

7. How did you learn to customize (if applicable ) ? 
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8. Is there a CAD expert in your group? If so, how did that person get to be the 
expert? 

9. What do you like/dislike about the system you use? 

10. What would make it easier to use your system (manuals, better organized 
program, etc.)? What other features would you like to see? 



 

Notes 

Chapter 1 

1. To solve the knotty problem of gender-specific language, I sometimes use "he" 
as the generic and sometimes "she." Sentences that hew to a strict "he or she" 
construction get bogged down when any complexity sets in, and the reader is 
forced to negotiate a thicket of "he or she" 's, and "his or her" 's. 
2. Thanks to Thomas Green for supplying the graffito. 
3. After doing the spreadsheet study, we recognized that collaboration was im­
portant and that we should ask about it in the CAD study. However, in the CAD 
study we found an entirely new pattern of collaboration that we then had to 
explore . These findings are discussed in chapter 6. 

4. In ethnographic studies, participants are called "informants" in the sense that 
they are to inform the investigator, rather than that the investigator is to subject 
participants to an experiment (as in psychology), in which case they are subjects. 
The essential notion is that the anthropologist is ignorant of the understandings 
possessed by the informant but wishes to learn as much as possible through 
interaction and observation. 
5. Lotus and 1-2-3 are registered trademarks of Lotus Development Corporation. 
Microsoft and Excel are registered trademarks of Microsoft Corporation. HP 
ME30 is a product of Hewlett-Packard. 
6. HyperCard is a registered trademark of Apple Computer, Metaphor Capsule 
is a registered trademark of Metaphor Systems, Inc. Mathematica is a registered 
trademark of Wolfram Research, Inc. 

Chapter 2 

1. Conversation analysts refer to informal everyday conversations as "mundane" 
conversations, and I will adopt that convention here. T he contrast is to more 
formal verbal communication such as a lecture or speech. 

2. Shelley recounts Frankenstein's ruminations as he prepares to create a human 
being after an initial success in acquiring "the capacity to bestow animation": 

I doubted at first whether I should attempt the creation of a being like myself, 
or one of simpler organization; but my imagination was too much exalted by 
my first success to permit me to doubt of my ability to give life to an animal as 
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complex and wonderful as man. The materials at present within my command 
hardly appeared adequate to so arduous an undertaking, but I doubted not that 
I should ultimately succeed. I prepared myself for a multitude of reverses ... yet 
when I considered the improvement which every day takes place in science and 
mechanics, I was encouraged to hope my present attempts would at least lay 
the foundations of future success. Nor could I consider the magnitude and 
complexity of my plan as any argument of its impracticality. 

3. Such control of turns is, however, characteristic of other communicative con­
texts such as chastising children, which has quite the flavor of the courtroom 
("Don't speak until you're spoken to!"). Such communication seems to have 
more in common with the formal communication Atkinson writes about than 
with mundane conversation. Though conversation analysts claim that children 
are socialized through mundane conversation (see Goodwin and Heritage, 1990), 
this assumption would seem to call for empirical evaluation. 
4. This particular interpretation of Holstein's (1988) data differs from his own. 
5. Holstein (1988) provided fictitious patient names, which I have used here. His 
transcription conventions are slightly modified here to highlight our points and 
avoid distracting technical detail. 
6. The functional importance of the kind of structured legal communication de­
scribed by Atkinson (1990) can be well appreciated by considering what a trial 
would be like in its absence. In 1991, the American public was subjected to just 
such a spectacle during the confirmation hearings for Clarence Thomas's nomi­
nation to the Supreme Court. Thomas was accused by a former employee, Anita 
Hill, of sexual harassment, charges brought forward in the hearings. During the 
hearings, the lack of established communicative procedures, which included lack 
of rules for examining and cross-examining witnesses and lack of evidentiary pro­
cedure and standards, meant that the hearings, which became a mock trial of the 
worst sort, proceeded on innuendo, political posturing, and highly unusual forms 
of legal communication, including dramatic readings from authoritative tomes 
such as The Exorcist and psychoanalyses of Anita Hill and Clarence Thomas 
freely proferred by completely untrained individuals. 

Chapter 3 

1. Pig Latin ("Ig-pay, Atin-lay") is chiefly useful for a brief time against younger 
children before they (quickly) catch on to the rules by which Pig Latin sentences 
are produced. 
2. See Lave (1988) on the personalistic use of formal systems. She observes that 
people create their own personal ways of treating culturally agreed upon formal 
systems such as money. For example, she discusses the notion of "mad money" 
reported by some of the informants in the studies she cites, in which individuals 
make up their own rules about handling some portion of their money. People do 
create their own versions of formal systems for some purposes, but these same 
people also operate in the standard mode of the system as well; for example, 
even someone who keeps a stash of "mad money" balances her checkbook using 
standard arithmetic procedures and repays loans according to agreed upon means 
of computing the balance of the loan. 
3. Anthropologists, of course, have created notations to formally model the kin­
ship systems they study. 
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4. We are using the Little League version of the scoresheet notation here. 
5. Figure 3.3 shows only 14; however, in actual use another symbol "KS" is 
used, which stands for strike out swinging. 

' , 

6. Typographical conventions from the printed pattern have been preserved in 
showing the pattern here. 
7. Games are not confined to modern Western culture; all cultures have games, 
and even in preliterate cultures the rules of games may be very complex (see 
Cole and Scribner, 1974). Of course there are also "games" such as the medieval 
Florentine Calcio Storieo, a kind of no-holds-barred soccer, in which the only rule 
is that players are not allowed to kick an unconscious adversary. The game is still 
played annually in Florence. Even in this highly unconstrained setting we find the 
structure of teams, the notion of a goal and a playing field, a time limit, referees, 
uniforms , a trophy. What is essentially a riot proceeds according to centuries-old 
conventions Gordan, 1991). 

8. People may also like many other things about games such as their pageantry, 
getting to know specific players, and so forth. However, the understanding of the 
game and its possibilities are paramount for the serious audience. 
9. An RBI is the number of runs batted in, a statistic computed for a batter, and 
the ERA, or earned run average, is the number of runs a pitcher has allowed 
without fielding errors. Actually, these statistics are more complicated than this 
and follow strict rules about what counts and does not count as an RBI or ERA, 
as well as being computed over a defined time span. (See Waggoner, Moloney and 
Howard, 1987 for details.) 
10. We refer specifically to the spreadsheet formula language. Spreadsheets also 
have macro languages, but they are used by many fewer users and do not constitute 
the basic interface to spreadsheet functionality that we are concerned with at this 
point in the discussion. 
11. FrameMaker is a registered trademark of Frame Technologies , Inc. 
12. PowerPoint is a trademark of Microsoft. 
13. HyperTalk is a registered trademark of Apple Computer. 
14. No disrespect to GNU Emacs Lisp is intended; it is deservedly popular among 
trained programmers and embodies many wonderful ideas and much useful func­
tionality. 

IS. There is stackware available , but it tends to be weighted toward simple index­
card-file applications, rather than serious business use. For example, in the Sum­
mer 1991 issue of the Heizer Software catalogue, which specializes in spreadsheet, 
HyperCard, and ToolBook applications, typical spreadsheet applications included 
Beam Analysis 2.0, Complete Construction Cost Estimator, Beef Cowherd Costs 
and Returns, Asset Management and Financial Independence, Co.sted Bill of Ma­
terials, and Multi-Unit Property Management. By contrast, typical HyperCard 
applications included Sanskrit Tutor, MacChef, Tarot Pack, HomeBrew and Brew 
Records, Baby Names, and Golf Doctor. 

Chapter 4 

1. Lab View is a registered trademark of National Ins�u�ents, In
.
c. �E is a 

registered trademark of Hewlett-Packard. It stands for Visual Engmeermg En­
vironment. " Prograph is a registered trademark of TGSSystems 



142 Notes to Pages 65-92 

2. SeeMore is a registered trademark of Personics, Inc. Wide View is a registered 
trademark of Spies Laboratories. 
3. Example modification is not the same as the use of didactic examples, which 
have an important role in learning and enhancing skill in programming (and many 
other areas of endeavor). Didactic examples are especially helpful in learning 
language syntax as part of a larger program of study in which the fundamental 
concepts of a programming language are learned. 
4. Myers (1990b) suggested a taxonomy of different kinds of programming by 
example systems, including those that do and do not use inferencing. We are 
discussing the state-of-the-art inferencing systems here. 
5. Adobe Illustrator and Claris MacDraw can do this. 
6. WoridBuilder is a registered trademark of Silicon Beach Software Inc. 

Chapter 5 

1. Of course there may come a day when many of us are provisioned with much 
larger screens in our workspaces. But a countervailing force is toward small-sized 
computers that we can easily carry with us, the size of the human body providing 
an absolute constraint. Workspaces also appear to be moving toward smaller, 
not larger, square footage, as employers attempt to hold down costs in today's 
extremely competitive market (San Jose Mercury News, October 15, 1990, p. 
B1). 

2. In our study the largest spreadsheets had about a thousand rows. 
3. This particular notational convention happens to be that of Lotus 1-2-3. Other 
spreadsheets may use a slightly different notation, but all can express cell relations 
as aspects of tabular structure. 
4. Green (1989) believes that problems showing, tracking, and changing depen­
dencies are common to many programming problems. He calls the difficulty "vis­
cosity" in the sense that making changes where there are dependencies is slow 
and sticky because it is often hard to find the source of a dependency, or to know 
the possible effects of a change. 
5. Many researchers have been disappointed that Logo has not been more suc­
cessful in teaching children difficult programming concepts such as recursion, and 
in teaching "higher-level" thinking skills (much as the learning of Latin was once 
said to do) (Pea and Sheingold, 1987). However these disappointments seem to 
stem from unrealistic expectations, rather than from the fact that Logo is not 
useful. Children in the nine- to eleven-year-old range (typical Logo users) are still 
learning basic logical forms in everyday language use and cannot be expected 
to quickly grasp conditionals, much less recursion. Pea and Kurland (1987) also 
point out that, "Educators often assume that adult programmers are not belea­
guered by conceptual problems in their programming, but ... they are. Once we 
recognize that programming by 'intellectually mature' adults is not characterized 
by error-free, routine performances, we might better understand difficulties of 
children learning to program, who devote only small amounts of their school 
time to learning to program." And of course, as with any subject, there is wide 
variation in the interests and abilities students bring to the study of Logo. 

Some also believe that more structured teaching methods may be needed to 
effectively teach programming to children (Pea and Sheingold, 1987). Early expe-
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riences were skewed to an "exploratory" approach in which at least some children 
did not receive adequate guidance. In informal observations that I have conducted 
at Bubb Elementary School in Mountain View, California, I have seen evidence 
(albeit limited to one fifth grade public school computer science class) that a more 
structured approach can be effective. The children are told that "everyone can 
learn to program" and they are given careful instruction in Logo language con­
cepts (rather than being left to "explore" without guidance). Emphasis is on basic 
concepts of variables , procedures, and iteration. Conditionals are covered near 
the end of the year for those children who are ready. 

Chapter 6 

1. See Mackay (1990b) on Project Athena. 
2. Ralph Kimball works for Application Design Incorporated of Los Gatos, Cal­
ifornia and consults On many kinds of software applications. Metaphor Capsule 
is an end user programming system from Metaphor, Inc. of Mountain View, Cal­
ifornia. It lets users link spreadsheets, databases, documents, and so forth, by 
connecting icons together. Effectively, users are "piping" data fro� one form to 
another, for example, a database query to a spreadsheet to a graph. Metaphor 
Capsule supports programming features such as encapsulation and iteration. 
3. AutoLISP is a subset of XLISP and Common LISP, with some additional func­
tions to support design tasks. 

4. No criticism of the programmers in Mackay's study is intended in any way; 
they had no charter t9 create end user customizations. 

Chapter 7 

1. �areVue is a registered trade mack of Hewlett-Packard. 
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