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Abstract

On-line help is a vital part of nearly every computer system of any significant size, yet it is poorly
understood and generally poorly iinplemented. The primary goal of this research was to discover as

much as possible about how on-line help systems should be built. Several restllts are presented in the
thesis.

First, the feasibility of easily building more general and powerful help systems than are

commonly available is demonstrated. A prototype system, inchiding nearly all the feattu'es inch:ided

in any real-world help system, and integrating them in a Inanner not found in any such system, was

built in just a few months without any spectacular tricks of implementation. The prototype system

runs well and quickly, even with a very large database of help information, so that there is simply no
reason not to expect practical help systems to live up to its standards.

Second, controlled experiments comparing _arious alternative help systems were conducted.

These expcriments suggest that the quality of help texts is far more important than the mechamsms

b_, which those texts :ue accessed. The experiments also st_ggest that, despite the well-documented

fact that people read and comprehend better fi'om printed texts than fl'om computer screens, it is at

least possible to compensate for this 12tct tlarough sophisticated help access mechanisms. Thus,
on-line help with t_o printed manual may be at least as useful as a more traditional manual-based

system, and there are reasons to suspect that it can be even better. Additional experiments, using a

simulated natural language interface, cast doubt on the usefulness of natural language in a help
system.

In addition to the concrete results summarized above, the thesis makes several other

contributions. A general taxonomy of on-line help systems is developed, and a survey of the

literature on help systems relates existing help systems to that taxonomy. Further, the design and

evaluation of help systems is considered as an example of the more general problem of designing and
evaluating user interl:,:_ces. 'l'he methodology facilitates the evolution of such interfaces with a

minimum of attention to the details of implementation and expeiimentation. Finally, a potpourri of
practical, sometimes anecdotal infi_rmation likely to be of interest to ffiture help system designers is

collected in a practitioner's summary, and related topics ripe for fflrther research are described in a
researcher's agenda.
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Part One

The Problem
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Chapter 1
Introduction

This thesis investigates the problems inherent in the design and evaluation of on-line help systems.

q'he gcneral problem of m_king computers easier to use is a vast enterprise of obvious importantce.

One common technique used toward this end is on-line help. In this thesis, I will address the

questions of how useful on-line help really is, what design alternatives may affect its relative

uscfulness, and how such systems can be evaluated.

By "on-line help systems" or "interactive help systems" I refer simply to any computer software

that has as its primary function the task of providing the user with information that will assist him in

the use of some other software system. This includes help systems that stand alone, as independent

utility programs in a a larger operating system, and subsystems embedded within larger systems,

generally help procedures within specialized utilities.

This thesis focuses entirely on the user interface to interactive help systems. Related topics that will

not be treated in detail include the implementation of help systems, the design of the task domain for

which help is being provided, and the importance of on-line help relative to other factors affecting

the ease with which a system is used. However, each of these areas is closely related to the subject of

this thesis, and some relevant material will of necessity be presented.

In the remainder of this chapter, I will describe in more detail the problems this thesis is concerned

with, and will outline the way the remainder of the thesis dc_ribes the solution.

1.1. How Should We Design User Interfaces?

. 3

Much has been written about the design and testing of user interfaces." Several authors ihave

proposed design methodologies in an attempt to facilitate and standardize the proccss by which good

2F'or example, [l, 4, 6, 14.29, 32,53, 54, 60, 61, 62, 68, 75, 78,88, 92, 98, 102, 107, ]21], to name a few.
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intert'aces come into tile world. Unlbrtunately, these arc rarely used in the real world fbr a very good

reason: they typically mandate a prohibitive mnount of time spent in iterative design and formal

testing.

Although this thesis is concerned primarily with the specific question of designing and evaluating

on-line help systems, it also serves as a case study in the use of such methodologies. The

methodology used here is original, but derived in some part from those that have gone before. In

outline, it consists of eight steps:

1. State the problem, in order to better understand the problem, closely observe real world

users of the kind of system being studied. For this thesis, the problem can be stated as
"What would a good on-line help system look like?" This question is expanded upon in
Section 1.2.

2. Describe what already exists. Try to develop a framework that describes all the known

existing systems by their differences along some small number of simple dimensions.
This is done here in Chapters 2 and 3.

3. Search the literature for previous experimental results contrasting competing system
designs. This is done in Chapter 4.

4. Construct hypotheses regarding the most important design decisions: What are the most
important decisions? What are the likely answers? These are made explicit in Section 1.3.

5. Implement a prototype system that supports each of the major design alternatives. Use
all available tools to build the system quickly, sacrificing portability, efficiency, and
modularity where necessary to get the job done fast. The implementation used in this
thesis is described in Chapter 5.

6. Conduct controlled experiments to test the hypotheses about the correct design decisions.
Carefully observe the details of the users" interaction with the system. The experiments
used here are described in Chapter 6, with the results reported in Chapter 7.

7. Where the experiments do not bear out the hypotheses, consider reiterating from step 4.

8. Build the real system, doing right all of the things that were done wrong in step 5. This
was not done as part of this thesis, but the conclusions point out a clear path in this
direction. These conclusions are summarized in Chapter 8.

As stated above, this methodology is not terribly new. However, it is somewhat unusual in its use

of jury-rigged prototype systems, its emphasis on thorough initial searching of the literature, and the

use of protocols from previous systems. All of these features are geared to an often-mentioned aspect

of software development in recent years, the fact that one of the largest costs is programmers' time.

This methodology is designed to delay the costly coding efforts until the last possible moment, with

the hope that this will reduce the later costs associated with software maintenance and redesign.
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Mcthodoh)gies such as this one are often proposed, and their evaluation is difficult and subjective.

In Section 8.2, I will discuss the results of using the methodoh)gy in the domain of on-line help, as

well as its applicability to other investigations of user interface design.

1.2. How Should We Build Interactive Help Systems?

Help systems have traditionally been one of the most neglected aspects of interactive systems.

Many otherwise excellent pieces of software include no help system at all, or help systems so ill-

conceived as to be nearly useless. Although some better examples are available [84, 100], the help

systems in general use are so uniformly unappealing that designers who do make an effort to

construct worthwhile help systems tend to assume that they are starting with a clean slate, working on

a problem that has never been seriously confi'onted before. Indeed, such was my assumption when I

began the work on help systems reported in this thesis. However, I have discovered that quite a few

interesting examples of useful help systems do exist, from which much can be learned.

First, however, it helps to have a clear idea of the underlying questions to be answered. I begin

with the assumption that the single most important criterion by which a help system should be

judged is the degree to which it facilitates the accomplishment of a particular task by a user who did

not previously know how to accomplish this task.

This is a very practical criterion, but not the only one possible. For example, it is not necessarily

the case that the help system which is most effective in the sense described above will also be the',one

which the users most enjoy using. Additionally it is probably not the case that the help system which

is most effective will also be the one which is the greatest aid to long-term learning. Indeed, precisely

the opposite may be true: it may be that the harder users have to work to learn to accomplish a

particular task, the more likely they are to remember the solution. Even if that were true, however, it

would not be reasonable to conclude that help systems should therefore be as unhelpful as possible,

in order to promote long-term learning. Therefore in the absence of an objective and reasonable

alternative, the effectiveness of a help system in facilitating learning has been selected as the primary

criterion by which help systems will be evaluated. In addition, subjective user preferences and

retention will also be considered as secondary measures of interest.

The design of on-line help systems is hampered somewhat by a constraint that is universal in

interactive systems, but uniquely important in help systems. This is.the need for simplicity -- for an

interface that requires minimal knowledge and effort for its use. Certainly simplicity is a virtue in the

user intcrfacc of any program, but it is vital for a help system. Typically, a help system is never used
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lbr its own sake but only as a tool to aid in the us;eol'anoHler system. It is therefore used by people in

a hurry, often total novices, often already very fl'ustrated, who have absolutely no desire to learn any

more than the bare minimum about the help system itself. In this sense, many fancy features may be

self-defeating in a help system, if they slow the user's progress toward the explanation he seeks by

making him first learn the complexities of the help system.

What, then, should a help system actually look like? Indeed, is it even possible tbr a help system to

be of more assistance than a paper manual, which certainly presents the simplest mechanism

imaginable for most users? 'l'he remainder of this thesis provides the beginning of an answer to these

questions.

1.3. The Expe rimental Hypotheses

In this section, I will briefly describe the fundamental hypotheses that motivated the design of the

ACRONYM help system (Chapter 5) and the evaluative experiments (Chapter 6). These hypotheses

were arrived at after the literature surveys, user surveys, and user protocols that are summarized in

Chapters 3 and 4. The most striking fact about these hypotheses is that, after all that surveying, so

many of them were wrong. They are nonetheless presented here in their original |brm, to allow the

readcr to make his own guesse_,before fl_e results are detailed.

ttypothesis h While quality of help texts is crucial to good on-line help, the methods by which
those texts are accessed are of equal or greater importance in their effect on learning time.

Itypothesis II: New users of a system will learn more quickly using menu and tutorial help
systems than with key word or user-initiated context-dependent help systems.

Hypothesis llh Experienced users will learn new tasks more quickly with key word and user-
initiated context-dependent help systems than with menu and tutorial help.

Hypothesis IV: Both new and experienced users will fare better when both context-dependent
and non-context-dependent help are available than when only one or the other is
available.

Hypothesis V: Even a very sophisticated help system will not be nearly as helpful as a human
tutor.

ttypothesis Vh Allowing users to type help requests in English will not significantly improve
their rate of learning.
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'l'he results of tile experiments tetKt to indicate that one of thesc hypotheses 3 was correct, three4

were simply wrong, and two5 were concerned with differences too small to be detected by the

experiments. Nonetheless, these basic hypotheses (most of which were specified explicitly when the

experiments were designed) underly the design of the help system and experiments described in the

Chapters 5 and 6.

1.4. The Structure of this Thesis

'l'his thesis is divided into five major parts. Part One presents the problem and its background.

After this introductory chapter, it consists of a general ta_xonolnyof hell) systems (Chapter 2), a

survey of existing help systems in the context of that taxonomy (Chapter 3), and a survey of prior

experimental results relevant to help systems (Chapter 4).

Part Two describes the method used to attack the problem. Chapter 5 describes the design of a

prototype help system, known as ACRONYM. This system offers all of those fbatures isolated as

most important by the taxonomy and survey, using an integrated database. The factors leading to

ACRONYM's design and its limitations are discussed, along with dle actual workings of the system.

Chapter 6 describes the experimental method used to evaluate ACRONYM and the hypotheses

associated with its design. l'his chapter also explains why the experiments were designed as they

were, and what other help systems were evaluated.

Part Three analyzes the results of the experiments. Chapter 7 presents in detail the results

comparing the help systems, as well as issues of user expertise, task and subject variation, subjective

evaluations, and user retention. Chapter 8 summarizes the results and contributions of the thesis,

both in regard m help systems and in the more general area of user interface design. This last chapter

includes a Practitioner's Summary, which could be subtitled "Advice to Builders of Future tlelp

Systems", and a Researcher's Agenda, summarizing the vast body of relevant and interesting

questions not answered by this research.

3Hypothesis VI

411ypotheses I, IV. and V

51typotheses 11and III



12 Till:, I)I!SIGN AND F.VAIL.IATION O1: ON-I ,INI,. il!!1P SYS'IEMS

1.5. How to Read this Thesis

Thcrc are several different approaches to reading this thesis which might bc usefid, dcpending on

what you want to get out of it.

If you want to build a real help system, and arc looking for practical advice, you should probably

read all of the background material (Chapters 1-4). You should then read the description of

ACRONYM in Chapter 5, and the conclusions in Chapter 8. You will certainly want to look at

Appcndix IS,which demonstrates the system in use, and may want to peruse Appcndix C as well.

If you're more interested in this thesis for its experimcntal methodology, especially if you're

planning similar experiments in the future, you may want to skip Part One altogether; in fact, you can

probably begin with Chapter 6 and read the rest of the thesis from there. You may wish to look over

Appcndix A to see how the experiments looked to the subjects. If you'rc not comfortable with

regression analysis, you might want to read Appendix E as well.

If you have a special interest in issues of text readability and technical writing, you should test your

skills on the examples in Appendix D. This appendix presents samples of the two versions of the

UNIX manual studied in the experiment, one of which was dramatically more useful to the subjects

tha,', tiae other. The details and implications of this particular results are presented in Section 7.3.
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Chapter 2
A General Taxonomy of Help Systems

People have been building interactive help systems ahnost as long as they have been building

software systems of any kind. in general, however, the help system has been an afterthought, quickly

and hastily constructed and only marginally integrated into the larger system. Programmers like to

program: They are not so fond of documenting dleir code, and even less fond of writing

documentation for the final users of their systems. On-line help, it would appear, is yet still lower in

the hierarchy of the programmer's favorite activities.

Nonetheless, over the years quite a few interesting approaches have been tried, generally in isolated

settings and in an ad hoc manner. A t_w attempts have been made to survey the field [55, 113, 108],

but these have been less dmn successful. Houghton [55], for example, purports to survey the area of

on-line help, but includes in this category such diverse topics as error messages and prompting. As

far as the central topic of dais thesis, the mechanisms of on-line help, is concerned, he does describe

many of the types of help system to be discussed here, but he makes no attempt to fit them into any

framework or taxonomy to describe such systems.

Sondeheimer and Relles [113] actually do construct a simple taxonomy of on-line help systems.

They classify help systems according to four dimensions. The following descriptions are from the

article cited:

1. access method-- the way users can COtlSltXgc(or enter requestsfor assistance,.
Z data structure -- the manner in which different portions of assistance reformation are related

to each other.

3. software architecture -- how assistance requests and their responses are communicated
among a user, an operating system, application programs, and the assistance database.

4. contextual knowledge -- how much information is retained about the assistance
enviromnent, including the user, the application, and the tasks being performed.

(l:rom Sondheimer _._Relies,[113])

These categories, however, view on-line help from a lower level than is desired in this thesis. Of the

four categories, the second and third are primarily questions of implementation, while the fourth is
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also an implementation consideratioJ_ in the sense that the nnplementor must decide how much

context to preserve. For the purposes of this taxonomy, ! would like to presume an arbitrarily fast

computer with otherwise ideal hardware and sufficient memory to easily retain all relewmt contextual

information. (Recall that the topic is the design and evaluation of on-line help, not its

implementation.) From this idealized perspective, it is easier to develop a user-oriented taxonomy of

help systems. After that taxonomy has been developed, it will be scrutinized in Section 2.4 R)r

implementation considerations.

In the sections that follow, I will describe seven dimensions along which the help system as the user

sees"it may vary. Three of these are issues of hell) access, among which is Sondheimer and Relles' first

category, access mechanisms. Another three dimensions are issues of ltell)presenzali¢Jp_.The seventh,

and possibly most important dimension of help system variation is integralio_z-- the degree to which

the various help features are unifi)nnly available in all potentially relevant contexts.

Among the areas not included in this taxonomy are error messages, prompting messages, command

languages and basic interface paradigms. Such topics are certainly important components in the

usability and learnability of interactive systems, but are beyond the scope of this thesis. Eventually a

taxonomy of on-line help systems should be subsumed by a larger taxonomy of user interfaces, which

would include such topics.

Also not included in this taxonomy are any issues related to implementation. It seems premature to

dwell on the appropriate underlying data structures for on-line help systems before it is clear how the

systems themselves should work. However, it is worth noting that the data structures used in the

prototype system described in Chapter 5 are sufficient to support nearly all of the functionality

described here in an efficient manner.

2.1. Access Issues

There are at least three major issues involved in the user's access to a help system. "Ihese issues

involve whose initiative first stimulates the help system's activity, how the user may request further

help, and how complex the help request language is.
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2.1.1. Access Initiative

The initiative in a help system may come from only two sources: the human user and the

computer. In most systems, the initiative is strictly the user's. No help is presented until the user

activates some explicit mechanism to request help -- fox"example, by typing the word "help" or

pressing a key labeled "HEI.I _''. In such a system, the help component may be viewed as simply a

utility program that is activated by specific commands.

In other systems, however, initiative may reside wholly or partially with the computer. In several

tutoring systems (such as the WIZARD system [37, 109]) the program will intervene and suggest new

approaches or provide new: information when the user seems to need it. In more conventional

systems, software carefully engineered for novice users (such as l_otus 1-2-3184]) may provide

automatic help in the form of two-level menus that indicate some consequences of possible menu

choices.6 (Here, the border between on-line help as I have defined it and prompting messages

becomes somewhat fuzzy.) Other possibilities for mixed-initiative systems include systems that

automatically offer help if the user is idle for a certain period of time, systems that automatically

attempt to interpret invalid commands as requests for help of some sort, and systems that maintain a

constantly-updated display of help that seems appropriate for the current context, such as Lotus

1-2-3.

In classifying help s:_stems according to access initiative, such systems are simply placed on a

continuum between systems in which human users have the sole initiative and systems in which the

computer has the sole initiative. In practice, it is very rare to find a system in which the computer

more often takes the initiative than the human, but systems with somewhat mixed initiative are

common.

2.1.2. Access Mechanisms

Despite the large number of on-line help systems that have been built, the number of access

mechanisms implemented or even proposed is actually very small. I have been able to isolate only six

such mechanisms. Of course, there is a wide room for variation in the implementation of these

mechanisms; the most important aspect of such variation is access complexity, which is discussed in

Section 2.1.3.

6SeeSection3.1.8fora morecompletedescriptionofhowthisworks.
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The mechanisms discussed below are all discussed in terms of human-initiated help. l-lowever, the

same mechanisms can be available for communicating with a system in which the computer takes the

initiative; in such a case, they are simply mechanisms for requesting further help or clarification,

rather than for requesting initial help. (The exception to this is contextually dependent help.

Context is generally most useful for an initial help request, rather than in requests for clarification.

However, context is an essential component of any help that is initiated by the computer.)

2.1.2.1. Key Word l-lell_

Probably the most common help mechanism is the key word help request. Here the user simply

specifies a key word which the system uses as an index to its help database. The sophistication of the

key word mechanisms can vary greatly, however.

Most often, the only key words acceptable to a system are the actual names of commands.

Although this is extremely common, due to the obvious ease of implementation, this method suft_rs

from the equally obvious disadvantage that users can not get any useful help until they know the

name of the command they need to learn about. (This effect is partially compensated for, in some

systems, by allowing the system to print a list of the key words it knows about. By skimming this list,

the user can try to guess which key word is the one he wants. But this quickly becomes unwieldy on

large systems such as TOPS-20 [22], in which the list of key words may number in the hundreds, or in

other systems in which the key words are simply inscrutable.)

A somewhat more sophisticated key word mechanism might search through a sectioned database

for any key word that might be specified, printing out for the user those sections of the database that

contain the key word. This approach is also quite easy to implement, but in a large database it can be

very time-consuming. Some systems, such as the "key" command on CMU UNIX [118], modify this

approach by only searching through a "header" area of each section of the database, rather than

through every line of the database. This improves the system's performance at the cost of a

substantial reduction in the number of key words recognized and the proportion of possible relevant

entries found.

One problem with any method that involves searching through a textual database for an arbitrary

word or phrase is that such unintelligent searching inevitably finds texts that are totally inappropriate.

A request for information about the key word "see" might elicit information about a random number
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gcnerating subroutine that requires a "seed'" value."1Applying the computer's raw power to the task

of searching a dat_basc can thus have the undesirable result of overwhelming the user with irrelevant

information. (Such an information flood becomes somewhat more manageable in a system that

facilitates scrolling, but the sheer volume can still exact a significant cost in the user's time, as the

experiments in this thesis suggest.)

Unfortunately, what is probably the "right" technique for constructing key word help mechanisms

is also the most difficult and cxpensivc. Each section of the help database can be explicitly indexed

by the relevant key words. This places a heavy burden on the documentation designcr, in that it is

crucial that hc provide all such kcywords, but it is the surest method for guaranteeing that all relevant

key words will find the text, whilc also insuring that kcy v,ord requests for common or short words

will not ovcrwhelm the user with useless information. This form of key word request is rare in

on-line help systcms, though it is more common in large infonnation retrieval systcms. This i,; the

approach used by the prototype help system described in Chapter 5.8

2.1.2.2.Menu Help

The second most common type of help acccss mechanism is the menu. In a rncnu system, the user

is given a list of help topics from which to select the topic or topics of interest to him. Details of

menu implementation can vary greatly, generally along a simple contitmum of ease of use. Menu

selection can be as simple as pointing with a mouse, or can depend on a complex syntax: for

requesting the next menu item. Menu systems also differ in the mechanisms by which the first menu

is created. Menus can be created in response to erroneous commands, in response to explicit requests

for help, or as a follow-up to the previous menu selection.

Systems such as ZOG [100] have had some success with the idea of a menu system as the only mode

of human-computer interaction; other systems that have not embraced the menu as the entire

command language ha_c nonetheless used it as the entire help system structure [66]. Nonetheless, the

strict discipline of a menu may slow down the performance of experts9 and may make it difficuk for

71n this example, it might seem that an appropriate mechanism would simply require that an entire wordmatch the key word
being searched for. but this is inadequate in other ways: for example, real users will often try to search for a key word ,_Jch as
"'del" instead of a sequence of key words such as "delete" and "deleting". Thus partial word matching is often desirable.

8The prototype system hand-codes all of the key words, a very expensive implementation in terms of documentation design
time. Development of such systems in the future could be greatly streamlined with automated aids for the documentation
designer, including, most important, an on-line thesaurus.

9Although this Lsa common opinion among computer experts, I have found no empirical cvidence to support it.
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naive users to find hell) on particular topics. Thus integration with other modes of help requests may

be particularly valuable fi)rmenu-based help systems.

2.1.2.3. Contextually Invoked Help

Several help systems have had great success with providing information based on file user's current

context. In such a system, information ranging from a partial command line to a user's entire history

()fuse of the system can be used to determine the help most appropriate at the moment.

Obviously, an ambitious context-dependent hell) system could be a major programming

undertaking. Yet the basic mechanisms that have proved useful in systems such as TOPS-20 [22] can

be implemented fairly easily. The most basic such mechanism is a parser that analyzes the current

partial command line and uses it as a help request, as is done in 'FOPS-20. Another simple

mechanism would just keep usage statistics to show which commands and options a user had often

executed in the past, and would use these to choose among possible interpretations of help requests.

(Note that these statistics could be used in responding to any type of help request, not merely one

based on the context of the current command line.)

A common failure of context-based help systems such as TOPS-20 is a failure to integrate the

c_mtext-dependent help with other components of the help systems. That is, the system makes it

impossit)le for the user to pursue more information fl'om the help system without abandoning his

command state. This issue will be discussed more fully in Section 2.3, below.

2.1.2.4.Graphically Invoked Help

With the advent of integrated workstation environments, utilizing biunap display technology and

pointing devices such as mice, new kinds of help access mechanisms have become possible. While

these technologies facilitate improvements in the other help mechanisms -- menu selection, for

example, is likely to be much easier with a mouse than without one -- they also allow the possibility

of simply pointing at images on the screen and asking for help about them.

Since the technology is still quite new, on-line help's traditional position in the pantheon 10 of

things important to computer programmers has predictably insured that not much has been clone

with these technologies in the area of on-line help. In particular, I have fi)und no general-purpose

help system in which the mouse could be used to point at any object, including pictures, on the

lOpan-lhe'-on,n, 3. lqae aggregate gods of a people. ( Webster's Collegiate Dictionao', third edition)
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screen in order to request help about it. However, an early vision t)f such a system may be found in

the GROK program at the Information Technology Center at Carnegie-Mellon University [83]. This

utility program allows the user to point at any text on the screen to request help about it. It is

perhaps best thought of as a graphically-aided key word help rcquc_,;tsystem. An unfinished help

systcrn ft,wthe SPICE project at CMU uses bitmap tcchm_logy to produce innovative help displays,

with "push buttons" in the help windows allowing the mouse to be used to get further help [21]. This

is essentially a variant of menu selection, in a more command-oriented display. It remains to be seen

whether graphically based help systems such as these will eventually provide entirely new paradigms

for help, or whether they will just h_cilitatc improvements on other help access mechanisms such as

menu and key word help.

2.1.2.5. Natural Language Help Requests

An obvious possible access mechanism for on-line help is natural language. After all, if the nature

of the task domain (help requests) presupposes that the user is having some kind of difficulty using

the computer, it seems logical to suppose that communication in the user's native tongue would be an

invaluable assistance. Indeed, this kind of communication seems so natural that its desirability is

accepted without question in the sparse literature on help systems. S_mdhcimer and Relies, for

example, state flatly that "Ideally, we would like to allow users to enter assistance requests as

questions in natural language." [113]

Such uncritical assessments are made possible only by the difficulty of implementing such systems.

Panaceas generally only last until they are tried. And indeed, the difficulty of constructing natural

language interfaces has so far prevented any realistic testing of them in the context of on-line help.

For example, Wilensky [122] has developed a natural language consultant for UNIX, but has been

unable to provide any real data about its usefulness for two reasons: its database is too small to be

really useful, and it takes over a minute to respond to even the simplest of requests. In the absence of

the technology to make such systems perform well enough for real users, it is certainly tempting to

imagine that simple performance enhancements will one day allow such systems to solve all of the

problems of on-line help.

Unfortunately, there are several reasons to suppose that this is not the case. Natural language is

extremely verbose: thus it seems possible that the time necessary to actually type in natural language

help requests will at least partially compensate for the ease with which such requests can be

formulated in the mind. Moreover, expert users seem to rebel against any systems that force them

into what might be considered "needless verbosity". [)raper [27] has suggested that experts may in
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thct be the most important users of"certain kinds of help systems; if this is true, it does not bode well

for natural language tlelp.

As part of this thesis, an experiment was conducted testing a simulated natural language help

system, with results that will be disappointing to those who believe that natural language is the

answer. "l'hese results are reported in Section 7.1.

2.1.2.6. Spoken Help Requests

One mechanism that has apparently never been used in a help system is speech recognition.

Speech recognition has obvious potential usefulness in help systems: for example, a natural language

system that understood spoken input would not be vulnerable to most of the criticisms of natural

language help systems that were listed in the previous section. However, since speech recognition in

a complex domain remains a topic of intense research activity with little practical success, this will not

be possible in the near future.

Speech recognition has had more success in limited domains; systems such as HEARSAY-II

[87] and HARPY [71] have successfully recognized vocabularies of hundreds of words. It is

conceivable that limited-domain speech recognition could open up new possibilities in on-line help

syste,.ns. No such work has yet been done, and time and hardware have pre,,ented the investigation

of such possibilities in this thesis.

2.1.3. Access Complexity

The third access dimension along which on-line help systems may vary is in the complexity of the

mechanisms by which help is requested. Virtually all of the mechanisms described in the previous

section may be implemented well or poorly from the user's perspective. The difference can be

overwhelming in terms of its effect on the system's effectiveness.

For example, SHEPHERD [105] is a system designed m managed source files for SAII_ programs

and to organize their documentation. The system includes an on-line help system that organizes the

information about the SAIl. library into a tree structure that is, in essence, a menu system. However,

the access mechanisms were sufficiently cumbersome that the system was rarely used by the

community for which it was designed. In contrast, a well-designed menu system such as ZOG

[100] has had enormous success with a wide variety of user groups, using the same basic access

mechanism. The difference is that in ZOG, a menu selection can be made with a single keystroke,

generally with a fair amountof semantic content. In poorer menu systems, such as the CMU LISP
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help system described in Section 3.1.6, a menu selection may necessitate typing the name of a path

through a help network, such as "HH.P PI_.INT-IJq'-i_XAMPI.t_S". In general, a little extra

programming can go a long way in improving such systems for the end user; for example, if tile user

had just viewed help by typing "HEIJ ) PI_,IN'I'-LPT", it is not a major programming effort to have a

follow-up request of the form "H El .P EXA MPI.ES" translate to "HELP

PRINT-LIq'-EXAMPIJ£S". Using a mouse to point at the word "I(XAMPI.ES" is probably better

still.

Of course, syntax issues are relevant to other types of help access mechanisms besides menus; in

general, the simpler the syntax the better. 'I'his is true of user interfaces in general, but it is espedally

true in help systems because the systems must be useful when the user is in a state of confusion or

ignorance. The last thing such a user needs is a help system with unnecessarily baroque syntax.

In addition to syntax, there are several other factors affecting the complexity of help access

mechanisms. In menu systems, the branching factor is crucial: a system with too many choices at

each level can overwhelm the user, while a system with too few choices can force the user to choose

too often, making the process of actually finding the right information an arduous one. In graphics-

based systems, issues of what icons should look like and how selection with a mouse should be

achieved (number of clicks, meanings o1"buttons, etc.) are still in gencrat unresolved: their resolution

is obviously important for on-line help systems that use these mechanism. Finally, context-

dependent help systems may react in a number of ways when help requests are ambiguous in context.

Dynamically-generated menus that allow the user to choose between the ambiguous interpretations

are clearly less complex and less frustrating to the user than a message which simply tells the user that

his request is ambiguous.

Many of the help systems I have studied have suffered from these kinds of"minor" flaws. That is,

their basic help access mechanisms have been sound, but the details of the interactions with the users

have been unnecessarily complex or otherwise difficult. It seems likely that m die domain of on-line

help, where the user's frustration level is very high to begin with, such small problems can have a

high cost. Ultimately, they can cause such systems to end up like SHEPHI-_RI): virtually unused

despite the wealth of information they contain and the reasonable paradigm with which they are

designed, simply because they are too frustrating to use.
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2.2. Presentation Issues

On-line help varies greatly not only in how it is accessed, but in how it is presented as well. In this

section, I will explore the three principal dimension along which the present_ttion of help information

may vary.

2.2.1. Presentation Methods

The simplest and most common method of presenting help infi)rmation is to simply throw it onto

the user's screen, with no regard to what was there first. This is tile teletype model of interaction,

which views the user's terminal as a one-way device that can do nothing more than accept sequential

lines of text. Although this model is hopelessly out of date, it is simple for the programmer to deal

with and therefore underlies the majority of on-line help systems in the world today. Its greatest flaw

is that it almost always causes the user's previous context to scroll of the screen, so that he can no

longer see the result of the interaction with the computer that caused him to request help in the first

place.

Another presentation method that is ahnost as easy for programmers is to simply rely heavily on a

printed manual. The on-line component of a help system can simply tell the user which part of the

manual to look at.,thus serving as no more than an "electronic index". This drastically reduces the

volume of output from the on-line system, thus at least partially preserving the user's context on the

screen. The great drawback of this system, however, is its reliance on paper. A user without a paper

manual is doomed, and a user with an outdated manual can be in even worse shape: instead of no

information, he may have erroneous information.

Video screen technology has allowed more modern help systems m use multiple windows. In such

a system, the user can preserve his context at the bottom of the screen, tbr example, while scrolling

through help texts on the top of his screen. The penalty here, of course, is that the available screen

size for each of these activities is only half of the screen size to which the user is otherwise

accustomed. Large displays such as those found in the new generation of workstations will alleviate

this problem to a large extent. If help systems that make use of multiple windows become commonly

available in tandem with the larger screens, even experienced users are less likely to resent the screen

territory that is allotted to the help system.

It should be stressed, however, that despite the penalty that multiple windows can impose on screen

"real estate," the overall effect of windowing technology is extremely beneficial, and facilitates a host
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of new techniques. Multiple windows and mtiltiple processes (which facilitate help processes running

independently of the application program) have ti_ndamentally changed the hmdscape in the world

of help systems.

Finally, tile future holds the promise of new technologies that might be useful for the presentation

of help information. Synthesized speech might pro'vide help without sacrificing any of the screen

territory, though no experiments have been conducted on such a system. (Synthesized speech has

often been of a rather l',)wquality, which could make it less comprehensible and thus less useful in a

help system.) New displays also make it plausible to include pictures, animations, or even videotapes

as part of a help message. Thorough investigation of these possibilities will require substantial effort

in both hardware and software development, but a first glimpse of these may be seen from some of

the tutorial programs that come with the Apple Macintosh computer.

2.2.2. Presentation Source

Besides the question of how the help information is to be presented, there is the question of where

it is to come fi'om. This may seem to be primarily an implementation question: text may be clipped

out of a monolithic on-line manual, it may be retrieved from a network of help texts, or accessed by

key word from a relational database. However, there is a more fundamenta! issue here as well. The

text can either be retrieved verbatim from some data structure that contains it, or it may be generated

"on-the-fly" by some natural language composition mechanisms acting on an underlying knowledge

representation.

Dynamically generating text from an underlying knowledge representation is the kind of project

that computer scientists love, and indeed many current researchers are taking this approach to on-line

help [40, 91,117]. However, it seems reasonable to question the motivations of such an el'fort.

Certainly getting computers to generate reasonable natural language from a knowledge

representation base is a fascinating and useful research topic. But in the domain of on-line help,

presumably, the primary goal is not to build an on-line help system that is theoretically interesting

but rather to build an on-line help system that helps the user. In this light, there is no evidence to

suggest that dynamic generation of text is likely to produce higher quality texts than human

documenters would produce if they prepared all the system's texts in advance. (Indeed, the output of

language generation programs suggests that the opposite is true.) However, it may be useful to use

language generation facilities to dynamically generate examples, or to customize explanations to a

specific context in which the user is having difficulties. Given the current state of language
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generation, this does not yet sound like a very even trade. Still, a state of the art help system might

want to provide standard texts for standard situations, dynamically generated examples, and

dynamically generated or dynamically modified texts for unusual situations, most notably situations

involving ambiguous help requests where none of the "canned" texts unambiguously apply.

2.2.3. Text Quality

_l_e final dimension along which help presentation varies is that of text qualio,. Help texts are

English prose, and as such vary in quality as widely as the readings and compositions vary in a high

school English class. The literature on text readability is enormous, and nearly all of it applies to help

texts.

What this suggests primarily is that such texts should be designed by a specialist. Nonetheless, it is

possible for the non-specialist to evaluate his own texts in the light of certain very general criteria. It

should be remembered, however, that most of these have not been experimentally studied for their

importance in the particular domain of on-line help systems.

• Readability: Several st_mdard measures exist by which text readability can be measured.
National magazines such as Time and New,sweek have determined that their texts are best
accepted when written at a seventh or eighth grade reading level. Documentation writers
can use automated tools such as the UNIX style utility [15, 16] to detemfine the reading
levels of their texts. The current study does shed some light on the usefulness of some of
these tools, as explained in Section 7.3.

• Organization: Familiarity with the task domain and user population of a help system can
help the documentation designer to organize his texts intelligently. In addition to
standard considerations of reasonable structure, knowledge about the tasks and users can

help to put the most commonly-needed texts up front. I,ittle details such as these can
save enormous amounts of user time and frustration cumulatively over the life of a

system.

• Formatting and headings: Designers of paper documents have long been aware of the
importants of headings, font size, and similar considerations of layout [33]. With the
advent of bitmap display technology, these same issues are becoming relevant to on-line
help designers.

• Chunk Size: Complementing meaningful, highlighted headings should be texts divided
into small pieces. If the headings are meaningful and easy to read and notice, then they
allow the user to only read the relevant sections of text. in order to make this work, the
text should be divided into sections that arc as small as is reasonably possible, thus

minimizing what the user actually has to read. (How small is small enough? It seems
likely that this depends on several factors; including task complexity and display
characteristics. Certainly it is best if the texts fit in a window without any need to scroll,
but even this is not always possible.)
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• Voice and ()dentation: It seems likely that use of tile passive voice, anthropomorphic
orientation, and similar considerations of style may heavily affect the usefulness of text.

While passive voice seems to be universally condemned, other issues such as
anthropomorphism are more disputed. Houghton [55] declares it to be absolutely wrong,
but at least some professional documentation writers seem to think that texts in the "You
User, Me Computer" style put users at ease and make the texts generally clearer.
Commodore Business Machines has graced the literature with several extreme examples
of this style[20] without anything remotely resembling negative effects in the
marketplace.

2.3. Integration

Finally, perhaps the most important aspect of an on-line help system as a whole is its level of

integration. Many computer systems provide several on-line help mechanisms, each with its own

database, operating completely independently. The experimental system designed for this thesis

offers several methods of accessing the same information, making it easy to switch between methods

when appropriate. 11 Similarly, some systems make on-line help an independent utility, accessible

only when you're not doing anything else, while others try to make the help available within the

context of most other, larger tasks.

The virtues of integration are obvious: by providing uniform access to help, you eliminate

confllsion fi_r the user and make it easier li)r him to stay in context. By making various mechanisms

access a single help database, },ou make it easier for the user to try all of die mechanisms you provide

in his attempt to learn what he needs to know. Of course, integrated help is more challenging than

non-integrated help from an implementation perspective, but the prototype help system described in

Chapter 5 demonstrates that the problem is neither impossible nor, indeed, particularly difficult.

An excellent example of the need for integrated help systems was found in the observation of a

TOPS-20 user attempting to create a subdirectory for the first time. This user first used the list of

help topics that TOPS-20 provides as an index to its key word help system, and managed to

determine that the "BUII,D" program was for building and modifying subdirectories. After typing

"build", the user typed a question mark. This activated TOPS-20's context-sensitive help facility,

which told her that the next thing she should type should be a directory name. Unfortunately, this

user did not realize that in TOPS-20, directory names are ahnost always surrounded by angle

brackets. After trying unsuccessfully fi)r several minutes to get the program to accept her version of a

111knowof no other systemthat hasdone this, although Fcnchel'sthesis[34]describeda systemdesignedto work thisway
but never fully implementedin this regard.
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directory name, tile user had to get out of the I_UILI)program entirely and use tile key word help

system to search for an explanation of what directory names look like. ttad the context-sensitive help

mechanism and the key word help mechanisms been integrated using a common database, she could

have gotten this in fonnation from within the BUII.D utility, without sacrificing her entire context.

Moreover, integrated help systems would be helpfid to the documentation designers as well as to

the users. In non-integrated systems, several different databases of help information must be created

and maintained, which is inevitably more work than maintaining a single database.

It should be noted that an "integrated" help system, in which all help systems access the same

database and are available together in all contexts, is not at all the same as an "integral" help system.

An "integral" help system is one in which the help is provided by the same program that executes the

command. 'l'he help is viewed as an essential part of the program's functionality, hence the ten'n

"integral". ltae argument in favor of integral help is that the help system can provide better help

because it has access to the program's underlying data structures. While dais may be uuc in the case

of an extremely sophisticated help system, it is unlikely in most cases to compensate from the loss of a

unifonn help system available for use in all program,;. Essentially, this is the same trade-off involved

in the choice between designing sophisticated user interfaces for each program, or designing a single

user interface management system which will communicate with all of the underlying programs. You

may sometimes have to sacrifice a little functionality if you really want a well-designed, uniform

interface.

It is also worth noting that it is the availability of multiprocessing capabilities that makes it

reasonable to consider an elaborate non-integral help system of the kind built for this thesis. In an

environment without multiple processes, it would be much harder to design an integrated help

system that preserved any arbitrary command context.

2.4. Implementation Considerations

In the preceding sections, 1 have discussed several dimensions along which on-line help may vary.

In most cases, the variation can be clearly supposed m be for the better in one particular direction.

What has not been considered is the cost of implementing some of the help mechanisms described.

Such a cost assessment and implementation analysis is beyond the scope of this thesis. However, it is

worth noting which things are particularly hard.

In particular, sophisticated graphics are hard, natural language is hard, speech recognition is hard,
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and context-dependent help can be arbitrarily easyor hard, depending on how far the system tries to

go. Aside from these things,however, all of the help mechanisms described in this chapter can be

implemented reasonably inexpensively at quickly by any good programmer. Why this hasn't

generallybeen done is a verygood question.

2.5. Summary

The dimensions among which help systems vary, as described in this chapter, are pictured in Figure

2-1. 'l'his chart may be helpful in considering the design of help systems as yet unimplemented. In

the next chapter, I will use the taxonomy to describe a number of help system:; actually used in the

real world, and to explain the successes and failures of these help systems, as reported by their users

and observed in user protocol experiments.

Figure 2-1: The Dimensions of Help System Variability
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Chapte r 3
A Survey of Existing Help Systems

3.1. On-Line Help Systems for User-Oriented Software

In this chapter, I will discuss a number of real world help systems in the perspective of the

taxonomy of help systems presented in file previous chapter. The list of systems discussed in this

chapter is far from exhaustive; it is intended instead to be representative of the diversity of help

systems that have been previously implemented. Each of the systems will be described briefly, and

its place in the taxonomy of the previous chapter will be explained. That taxonomy will also be used

m describe simple changes that might significantly improve the help system.

In what fbllows, reference will be made at several points to "users' comments". These are simply

the comments users made in response to a very open-ended survey about help systems. Users were

asked, among other things, to provide examples of the best and worst examples of help systems they

had used, along with their ideas about why these systems were good or bad. The responses displayed

an interesting tolerance on the part of the users; many more positive comments were made than

negative ones, even in the case of extremely simple-minded or even obviously poorly-designed help

systems. It seems that users are so grateful for any help at all that they tend to mention the positive

more often. Or, perhaps their experience with getting help is so generally negative that anything at

all helpful really stands out in their minds. Typical comments began "I hardly ever find help systems

useful, but..." The observations below are based on the "buts" these users provided, and (in many

cases) on observations of experienced users of the systems trying to get the help systems to help them

perform new tasks.
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3.1.1. TOPS-20

TOPS-20 [22] is an operating system that runs on large l)ECsystem-20 computers. Its help system

can be briefly characterized as coming in two poorly integrated parts. The first part is a very simple

key word help mechanism, with a simple syntax ("HFI,I' <command name>"), a rudimentary

presentation method (simply printing text, no scrolling or windowing), and pre-written text of erratic

quality. The second part is a context-dependent help mechanism, invoked by the simple method of

typing either ESCAPE or a question mark at any point in a command line. This provides an

extremely short help message, without die possibility of obtaining any further information in context.

The help system is completely human-initiated, and although the context-dependent help is well

integrated into the system as a whole, die help system overall suffers from a very low level of

integration.

TOPS-20 had the help system most commonly cited as "best" in my user surveys.]2 The biggest

advantage of TOPS-20 appears to be the nearly uniform availability of context-dependent help.

Users can get very short syntactic help at any time by typing a question mark. However, there is only

one layer of context-dependent help available. If the user d0esn't learn what he needs to know from

the short help provided, he can't find out any more in context. In such a case, the user must resort to

I'OPS-20's second help system, a very primitive key word system. 'l'o use the key word system, the

user must abort any partial comrnand context, and issue the "HEI.P" command to die operating

system. "HELP" must be followed by the name of a TOPS-20 command; such a request will cause

the entire documentation on that command to be printed on the user's terminal, without even

pausing after each screenfull of information.

Obviously, TOPS-20 suffers from a very low degree of integration. (In fact, it was in the

observation of a subject using the TOPS-20 help system that the need for help system integration first

became apparent, as explained in Section 2.3.) Merely being able to access both help systems from

an embedded context -- that is, to issue key word help requests without forfeiting one's command

context -- would be a significant improvement.

However, the improvement would be more significant if the key word help that was being

integrated was of a higher quality. TOPS-20 offers no help at all to the user who does not already

know the name of the command he is trying to use; there is no provision for lookup of synonyms.

12Of course. TOPS-20 is ,also one of the most widely-used of the systems listed here. Nonetheless, the mentions of TOPS-20
were almost uniformly positive.
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'l'here is also no conceptual help: help is provided only for commands, not tbr such vital concepts as

"tile" and "directory". All of these could easily be provided without significantly changing the

TOPS-20 help access methods.

Additionally, the presentation ol"]'OPS-20's key word help leaves obvious room fi)r ilnprovement.

At the very least, it could easily be modified to pause after each screen full of information had been

printed. (Actually, a 'I'OPS-20 terminal setting comrnand can achieve this effect, but it is not a part of

the help system, is not documented with the help system, and is hence effectively unknowable for

novices.) With only a little programming effort, such texts could be made to scroll through the top of

the screen _hile preserving context in the bottom.

Finally, the quality of the TOPS-20 help texts is erratic, a common circumstance in a system where

the drafting of help texts has been left to the implementors of the relevant programs. Some of the

texts are of quite high quality, but this is largely a matter of chance and the temperment of the

individual programmers.

With all of the criticisms listed here, it is worth noting again that TOPS-20 is commonly cited as

having one of the world's great help systems. Ttfis reputation is probably in large part attributable to

its competition: few other operating systems offer any kind of conte×.t-dependent help at all. The

feature does seem to be enormously popular with users.

3.1.2. Emacs

Emacs in both its UNIX [44] and TOPS-20 [115] versions provides an interesting assortment of help

features. Each provides two kinds of help: a straightforward menu system, and a context-dependent

help system which is activated by typing a help character at various points in the middle of

commands. These two help components are entirely non-integrated. As with st) many other systems,

the text's varied origins are reflected in its erratic quality. The initiative is primarily human, although

some versions of Emacs automatically invoke the context-dependent help when certain command

errors are made. (This is a customization option; users can choose whether or not to let the computer

take the initiative in such situations.) The presentation methods are fairly sophisticated, preserving

context or restoring it when finished, which is not surprising in a text editor which already

implements a great deal of screen management software, ltelp texts are primarily pre-written, but are

generated dynamically in certain cases where the information is highly context dependent (e.g. a list

of valid commands, which depends on what extension packages have been loaded).
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Probably the most common complaint about these systems is thc lack of unilbrm availability of the

context-dcpendent help, This is because packages written in Emacs' extension languagcs do not have

easy access to the context-dependent help-mechanisms. This fact and the fact that the two help

system components are entirely independent lead to the characterization of Emacs as having an

extremely non-integrated help system.

Especially interesting is that, despite the structural similarities of the two systems, the TOPS-20

version of the help system generally seems to meet with much more approval from its users than the

UNIX Emacs help system. 'l_his is not the case with t'_macs in general, which seems to be better liked

on UN1X. Possibly the difference can be attributed to the fact that the menu system in UNIX Ernacs

is very loosely structured, fi)rming a menu tree that is too bushy and not deep enough. This

underscores the need for careful suucturing of a menu system, and may be seen as a failure of UNIX

Emacs to meet the general requirements of menu help systems. Of course, other factors may also be

responsible, but I have not yet isolated any. In general, the help systems are sufficiently similar in

mechanisms that it seems hard to avoid the conclusion that any differences are due to content -- help

text and menu structure -- rather than to the help mechanisms themselves. (The different perceptions

of"the |:,mars help systems may also be due in part to diffei'nces in their user communities, but the

perception seems to hold even among those who use both. Many UNIX Emacs users have moved

from TOPS-20 because they prefer the UNIX version, but remark that the only thing they miss is the

help system on the TOPS-20 version.)

3.1.3. UNIX

UNIX [118], the well known operating system which runs on a wide variety of computers, was

widely cited in my user surveys as an example of both a good and a bad help system. Its help system

is based entirely on the key word approach. There are two key word help commands. The man

command can be used to print out the entire documentation for a UNIX system command. The key

(or, on some systems, apropos) command will take a single key word as its argument and will suggest

a number of commands that may be related to the key word; such commands can then be looked up

with the man command. The system is entirely human-initiated. Access complexity is slightly higher

than it should be, in that there is really no reason _hy key and man need to be separate commands: a

single help command could act like man when its argument is a command name and like key when its

argument is not. System integration is also fairly poor: the help is olfly available from the top

command level, with a very few exceptions, and there is no special provision for the common

situation of choosing one of'the key command's suggestions as the argument to the man command.
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Presentation methods are erratic: The man command's output is paginated, so that it won't write

more than a screenfull of infonnation at a time. The key command is not so careful, but its output is

not often longer than a single page anyway. All of the texts are prewritten, although the key

command does select very small pieces of the provided texts. As in most systems where programmers

write the documentation, the text quality is erratic, but not as much so in a system such as TOPS-20,

where some of the text is quite good. On UNIX, the text is almost uniformly bad.

The popularity of the UNIX help system seems to stem from the fact that the key command

constitutes a reasonable index to the on-line manual. (That is, key words often suffice to find the

command you're looking for even if you don't know its name.) A few individual complaints about

UNIX's help centered on particular failings of this indexing scheme, which is useful but certainly not

optimal. (The key command only recognizes as relevant key words those words which occur in the

first line of a command's documentation. This is better than only recognizing a command name, but

not nearly as useful as a true thesaurus-based or explicitly-specified key word system.)

Other problems with the UNIX help system include the lack of any context-dependent help and

the incredibly slow performance of the man command. (The man utility reformats its help texts with

a text processor every time you ask for help, a staggeringly poor design decision.)

The fact that many users seem to like UNIX's help system despite its manifold defects is indicative

of the high value of key word help systems that can aid users who do not know the name of the

command they are trying to use. Aside from the mechanism which reformats help texts every time

they are printed, the UNIX help system is a fair example of a well-designed, nearly minimal key word

help system -- that is, a system which can help its users with only a modicum of actual help

mechanism. Experiments in this thesis, reported in Section 7.1, suggest that such a system is indeed

highly useful when the texts it provides are of high enough quality.

a. 1.4. PLOT

PLOT [30] is an interactive program for producing graphs from sets of data. PLOT provides key

word style help, but like TOPS-20 requires that the user already know the appropriate command

name in order to access this help. Some context-dependent help is available in the form of a list of

syntactic options at some (but not all) points in the command line. A very good tutorial for novices is

also available. In addition, a special provision is made l_brediting the entire manual with a text editor.

The system thus provides a wide variety of access methods, as an integral part of the application but

with the help access methods not at all integrated together. The presentation methods are very
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simple, with text simply printed on the screen as if it were a teletype, but the text is generally

presented in small enough pieces that the user's context is not entirely lost: he can still see what he

was doing at the top of the screen. With the exception of the tutorial, tile initiative is completely the

user's. Quality of the texts, all pre-written, is unusually high, reflecting the fact that they were written

by a single author (lvor l)urham) who was highly concerned with making the system easy for novices

to understand.

PI.O'F's help appears popular primarily for its completeness, both in tenns of content and the

number of ways of accessing the help reformation. Its [hilings usually appear as failures of

completeness, which, given the enormous amount of effi)rt involved in its on-line help, points to the

desirability of a uniform help database. Typically, information available via one of PI,OT's help

mechanisms is not available from the others, so that users have to keep trying them until one is found

satisfactory. The lack of uniform availability of context-dependent help is also a deficiency. Thus

PLOT appears an excellent example of how a help system can be very good on most of the details

and still suffer from a lack of integration.

3.1.5. Shepherd

Shepherd [105] is a system designed to manage source files for SAIl, programs and to organize their

documentation. The system includes a component that serves as an on-line help system, organizing

the information about the SAlE library into a menu-like tree structure. The system is noteworthy for

the attempt to provide uniform documentation facilities for a variety of programs written by different

programmers in different contexts. Unfortunately, the program is extremely slow and the interface

cumbersome, so that the system was apparently never heavily used nor well-liked. This example

illustrates the importance of access complexity. Even with a fhirly large database of useful

information, the program was poorly utilized, largely because the interaction syntax was frightening.

As remarked before, this is even more likely to be prohibitive in a help system than in other

interfaces, because users begin using help systems with an already-high level of frustration and in a

state of acute awareness of their own ignorance.

3.1.6. CMU LISP

Before the reader concludes from the previous example that a complex access mechanism is the seal

of doom for a help system design, he should consider tile case of CMU LISP. CMU LISP [19] has a

large and apparently thorough static help system using a menu approach. As with Shepherd, the

mechanism for accessing the help is cumbersome. Each node in the tree of help menus has a unique
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name, and must be accessed by it. 'l'ypically, each node also lists some other nodes that are related,

but provides no easy way for the user to get to it. Theretbre he must generally type "help" followed

by "help foobar," "help foobar.options," "help foobar.options.details," and so on. In addition to the

cumbersome syntax tbr help requests, the system suffers from primitive display methods and erratic

text quality.

Despite its flaws, which also include the total absence of context-dependent help, CMU I.ISP was

mentioned only positively in the user survey, possibly because so tbw programming language

environments offer any help at all. The system was praised for the completeness of its database,

which is of course a factor of overriding importance. Apparently users were generally able to get the

information they needed from CMU I.ISP's help system; the information was there and was not

impossible to obtain. In this case, the users were willing to forgive the system its other flaws. Future

designers of programming language environments, including syntax-based editors, would do well to

consider the popularity of CMU IJSP's help system, which had no context-dependent features at all,

before they devote too much time to the mechanisms of their environments and not enough time to

the contents of the messages provided.

3.1.7. TOPS-IO

TOPS-I0 is an operating systemthat runs on I)ECsystem-10computers. The Carnegie-Mellon

University TOPS-10 help system [18] is composed of just two commands used to access help in a key

word system. "Help <topic>" gets a short message explaining the topic, while "Doc <topic>" elicits

more details. Most topics are simply program names, but a few more general topics also exist. For

example, "help dialup" yields a list of phone numbers for dialup lines. There is no indexing and no

context-dependent help. The two commands are totally unintegrated, and the presentation method is

the most basic possible: the texts are printed on the screen without even a pause as the page fills up.

Texts are of predictably erratic quality, given that they are written in general by the implementors of

the programs they describe.

In short, TOPS-10 help is about as simple and primitive as possible, with the exception of the

unusual fact that there are two levels of detail available. Nonetheless, this simple fact was enough for

several users to single it out for praise. This appears to indicate a great appreciation on the part of

users for some structure in the help database. Those who commented favorably about this aspect of

TOPS-10 help appeared to be mostly people who had otherwise used only systems that provided all

the help in a single undifferentiated mass. Again, users are so accustomed to absolutely minimal help

systems that they are grateful for even the smallest improvements.
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3.1.8. Lotus 1-2-3

l.otus 1-2-3 [84] is an interactive spreadsheet/database program on the IBM PC and other personal

computers. It incorporates (as one of its major selling points) a veFy impressive help system. The

basic system is menu-driven for commands, with one menu item always highlighted on the screen as

"selected." A second-level menu is continuously updated to display what the menu choices would be

if the currently selected menu item were chosen. This provides a form of context-dependent help

without human initiative. In addition there is an elaborate static help menu, which is often entered in

a context-dependent manner -- the starting help menu is chosen according to the user's context. The

texts are apparently all pre-written and are of extremely high quality, reflecting an obvious emphasis

on documentation by the Lotus Development Corporation. As one would expect in an integrated

system such as Lotus, presentation methods are sophisticated, with the screen carefully managed to

preserve context when possible and to restore it later when it was necessary to overwrite important

state information with help texts. The complexity of help access is extremely low; it is an excellent

example of what a menu-based help system should look like.

The menu itself is generally very weil-stn_ctured, making it very easy for novices to learn about the

system. For experts, the story appears slightly different. The one experienced Lotus user I was able

to interview did not think very highly of the on-line help, because she was unable to easily get

answers to specific questions. The menu system apparently thwarted her in her quest to quickly

answer such questions. This suggests that even the most elaborate menu systems may be insufficient

as complete help systems, and that a key word component will be extremely valuable to experts.

(I.imiting a help system to step-by-step traversal of a menu network seems a bit like taking away a

driver's mode map and forcing him to find his way over a long distance using only road signs.)

However, since file user reported that she often simply could not find what she wanted with the help

system and resorted instead to the printed manual, another explanation is possible: it may be that

Lotus' help database is simply not sufficiently comprehensive. Obviously if the information isn't

there, the user can't find it, no matter how clever the help access mechanisms might be.

3.1.9. RdMail

RdMail [67,31], a TOPS-10 mail management program, was singled out for a large number of

comments, both positive and negative, in the user surveys. Its help is entirely key word based, but

with sufficient indexing to make it quite often useful even when the user does not know the name of

the command he needs to use. The system uses key words as indices into the printed manual, and

prints out the sections that seem to match the key words. No attempt at screen management is made.
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_l'hetext quality is quite good, reflecting the effort that went into the writing of the R.dMail manual.

'l'he help sy_,,temis simple to use, and since only one help mechanism and one command level are

provided, integration is not really an issue. There is no notion of levels of explanation, and no

context-dependent help except in the correction of spelling errors.

A common complaint about RdMail's help system was the volume of material help requests can

elicit; typically a help request will cause RdMail to select a half dozen or so paragraphs of help text,

and will show you the heading of each and ask if you want to see the entire section. 'l'his illustrates a

problem that comes as a natural consequence of a thorough key word index: too many commands

may match a given key word. In such a system, it is important to provide a simple mechanism --

some form of menu selection is the obvious choice -- by which the user can choose among many

possibly relevant topics. RdMail asks a yes or no question for each such topic, which is time-

consuming and often frustrating for the user, since the desired information is just as likely to be asked

about last as first.

Another common complaint about RdMail is that the key words are simply poorly chosen; it is

difficult at first glance to reconcile this with the complaint that key words yield too much

information, but lhey may in fact be the same problem. Users who begin iterating through the many

choices key word produces in P,dMail may simply conclude that they have chosen the wrong key

word and give up, never realizing that they had the right key word but simply had to sit through a

large number of wrong choices before RdMail would give them the right one.

3.1.10. Ci

Ci [106] is a command-interpreting front end for UNIX application programs. It provides key

word static help, using short descriptions for its indexing much like the UNIX key command

described above. It also provides a special character ('*') for requesting context-dependent help;

placing this character in a command line turns the command line into a request for syntactic help in

many contexts. Texts are supplied by the application programs.

Ci is interesting primarily in contrast to TOPS-20. TOPS-20 offers a less complex help interface --

typing a question mark in the middle of a command line, and maintaining contexL is certainly easier

than typing an entire line with an asterisk marking the missing information -- but ci integrates the

context-dependent and key word help systems to a greater degree than TOPS-20. In TOPS-20. the

application programmer may design his subcommand interface to utilize the built-in help

mechanisms only for context-dependent help, whereas ci-based UNIX applications can take
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advantage ot'both types of help. Unfortunately, the number of el-based applications is not very large,

so it is not possible to tell fiom experienced users whether this does in fact make the ci help facility

significantly better than TOPS-20's.

3.1.1 1. VM/CMS

VM/CMS [58] is a widely-used IBM conversational operating system. It incorporates a menu-

based help facility that seems very complete with respect to the programs documented, but less

satisfactory with regard to fundamental concepts of the system. ,,\ modicum of context-dependent

help is provided as context-dependent entry to the menu system. One bad feature of the system as a

whole is the complexity of its user interface; most programs can take commands either via a

conventional command line or through a sophisticated graphical interaction program, but the two

methods of giving commands are not equally well documented in most cases, for no apparent reason.

This is a difficult problem to avoid: the difficulty of providing a coherent integrated help interface

seems to increase dramatically as the fundamental underlying complexity of the system increases.

Those who regard the fundamental VM/CMS interface as too complex would probably claim, with

some justification, that trying to fit a good help system onto such a complex underlying domain is a

task doomed fl'om the start.

3.1.12. SARA

SARA [34,35] incorporates an experimental help system most noteworthy for its representation of

help reformation rather than for its presentation of it. Help is available through queries of a static

database in a rigid command language, although what is actually happening is quite similar to the

CMU MSP method (Section 3.1.6) of accessing a menu network by giving the lull name of each help

frame. The ability of the system to provide context-dependent help is restricted by the inability to

process input one character at a time, which xirtually rules out meaningful context-dependent help.

SARA was probably the first system to approach on-line help as an integrated database to be

probed with multiple access methods. As such, it was a significant landmark, inasmuch as the

integration of multiple help functions is considered to be an important component of good help

systems. However, most of the work on the SARA system focused strictly on that database

representation of help information; after it was constructed, only a single help access method was

actually implemented to use it! The data representation used in the prototype help system described

in Section 5 is derived in some measure from the representation used in SARA.
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3.1.16. ANLHS

AN1.HS[117] is an ambitious attempt to design a natural language question-answering help

facility. The author is principally interested in the knowledge representation aspects of the problem,

and is apparently largely ignoring the interface with the end user. (This system will receive help

requests in a formal language, and is not designed as the front end of the final system.) Several

efforts are currently urider way to apply natural language to the domain of help systems, but the

experimental results reported in Section 7.1 tend to cast some doubt on the general usefulness of this

approach.

3.1.17. ZOG

ZOG [97,99, 101] is the menu system par excellence. The ZOG system was developed as an

integrated user interface based entirely on menus. The system includes a well-fleshed-out help

system, which is naturally entirely menu-based. (ttowever, the fact that help is always invoked from

some known previous menu loation allows the help to be somewhat context-dependent with no

special effort at all.) The system places a premium on integration, and the help facility is entirely

integrated with the system as a whole. The system evolved in an atmosphere of extensive testing and

refinement of all of the details of the system, with the predictable result of a smooth interface,

minimal interaction complexity, and high quality texts and presentation methods.

Because the help system is embedded in an interactive system that is entirely menu-based, the

menu approach appears to completely eliminate the need for syntactic help. This is in keeping with

the general ZOG philosophy of an extremely straightforward and consistent user interface. With

such an interface, help needed is nearly always conceptual rather than syntactic, and for this menu

help seems to suffice. However, this sufficiency of menu help probably does not generalize to the

non-ZOG environment, where command syntax can be extremely complex, and where large

branching factors may make a menu system unwieldy.

3.1.18. COUSIN

The COUSIN project [42, 50, 51, 52, 53] has been an evolving series of systems investigating

cooperative user interfaces. In its early versions, COUSIN used ZOG's menu system to automatically

generate help of various kinds for non-ZOG interfaces. This has manifested some of the fragility of

the success of ZOG's help facility. In the non-ZOG context, help was not always sufficiently cross-

referenced, with menu frames taking on inappropriate sizes and inadequate links. Nonetheless the
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3.1.13. How?

HOW?[56] is an associative network-based help facility for IJSP, most interesting for its

knowledge-based approach. The help database is a network suitable for normal menu travei,'sal, but

may be accessed via key word requests which are interpreted in a sophisticated and flexible manner,

using a complex I.ISP program. It provides no context-dependent help, and the presentation and text

quality have not been emphasized, since the research has focused on knowledge-based interpretation

of help requests.

Such interpretation focuses primarily on questions of customization and user state and history. The

primary advantage that this knowledge seems to offer over more naive key word approaches is in a

pruning of the search space for highly ambiguous requests. The idea of using knowledge about user

state, preferences, and history to disambiguate help requests has obvious appeal, but it will probably

be a difficult one ever to test conclusively. Such tests would of necessity monitor users over a rather

long term, as they developed a history of using the system. Thus it is unlikely to be seriously tested

until an implementation is carried to the point of being practically useful in a well-used environment.

3.1.14. The IA Tutor

The IA Tutor [103] is an on-line intelligent tutor for a specific application, namely a military

message service. The tutor uses a fairly simplistic knowledge representation to guess about the type

of help a user needs, utilizing in the process a fairly extensive user profile for customization and

individual tailoring. As with HOW?, there is no evaluative data available, and the "intelligent"

component can not easily be studied outside its unique task domain.

3.1.15. WIZARD

WIZARD [37, 109] is a knowledge engineering effort that produced a small help system able to

volunteer advice based on preconceived "plans'" and "bad plans" it hypothesized might be in the

user's mind. As such, it is an unusual example of a help system in which the initiative rests ahnost

entirely with the computer rather than the user. It apparently does a good job helping novice users of

VMS, but would require a great deal of effort (both initial and ongoing) to become a practical help

system for VMS in general. Such systems will need to be much more thoroughly understood before

they can be integrated with the kinds of help discussed in most of this thesis, and before they can be

studied in sufficiently complex domains to be rigorously tested against more conventional systems.
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system demonstrated that much can be done by way of generating both static and context-dependent

help from a static database.

I.ater COUSIN systems have offered more sophisticated context-dependent help in the context of

its unusual interaction methods. Such help methods correspond closely to the kinds advocated in this

proposal. In general, though, COUSIN has concentrated on minimizing the need fi>rhelp rather

than on giving elaborate help, so the help systems that have been implemented have not been fleshed

out with sufficient texts to test them thoroughly. A fascinating tepic for future research would be to

develop a version of COUSIN that incorporated some of the help techniques recommended here,

and to test various subsets of that COUSIN to see which features are most important for enabling

novice and expert users to execute unfamiliar tasks. Without such studies, it is virtually impossible to

weigh the relative importance of graceful interaction paradigms and clever help systems.

3.1.19. STAR

_lt_eSTAR system t111] is a workstation that uses icons and graphics to provide its fundamental

interaction mechanisms. STAR provides key word static help, with help entries pointing to other

entries in a menu-style network, without menu access mechanisms. A limited amount of context-

dependent help is available in the fi)rm of context-dependent behavior when help is invoked.

Syntactic help is apparently not provided because it is expected that the unusual interaction paradigm

of the STAR system (graphics and icon-based) will eliminate most of the need for such help. The

validity of this expectation remains untested.

3.1.20. The Berkeley UNIX Help System

A new help system [66] in use at the University of California at Berkeley utilizes the UNIX

directory structure as an easy way of implementing a tree-structured menu help system. The system

allows for progressive deepening and can suggest related topics using this menu mechanism.

However, as with some of the od_er menu-based systems reported above, this help system requires an

extremely baroque syntax to specify movement through the help menus. As such, its practical

usefulness is questionable. Since the system has been released for general use at Berkeley, it seems

likely that these questions will be answered, and this system as it evolves should provide some

interesting data on the usefulness of menu-based help systems with awkward access mechanisms.

However, no such data is yet available, as the system is still brand new.
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3.1.21. UC: The UNIX Consultant

Wilensky [122] reports on an experimental help system that answers questions about UNIX in

natural language. Unfortunately, the system is both too slow and insufficiently broad in its database

to be useful to real users, but it demonstrates that natural language may in fact eventually be

practical, from an implementation standpoint, as a help system interface. Whether this would be

desirable is another question, and the results reported in Section 7.1 of this thesis cast doubt on the

entire enterprise.

3.1.22. The MACSYMA Consultant

Genesereth [40] described a help system for MACSYMA that would utilize a knowledge base to

analyze user help requests in terms of faulty plans, goals, and so on. As such it is a clear precursor of

the WIZARI) system reported above. However, it is unclear whether the MACSYMA consultant

was ever completed, as I have been unable to locate any later articles; the article cited described a

nearly-completed, untested system.

3.1.23. BROWSE

IW,OWSE [11, 12] is an on-line system for providing help for UNIX. It is an extremely powerful

static help system, integrating excellent menu and key word help. However, it is implemented as a

stand-alone utility, which means that it has no context-dependent help and cannot preserve the user's

screen context when it is invoked. The system has also been used as the front end for a system for

viewing structured text [124]. In general, it looks like ZOG with keyword help attached, but designed

to run on lower-cost display hardware than is required by ZOG.

The BROWSE system described above should not be confused with the identically named sytem of

Palay and Fox [82], a system designed to facilitate "browsing through databases." The latter system

integrates menu-based "browsing" with more traditional parameterized search of a database. In the

database system, of course, parameterized search can reasonably be much more complex than a

simple key word, but such complex search expressions are less clearly desirable in the narrower

context of on-line help.
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3.1.24. INTERLISP DWIM

lnterlisp's DWlM facility [116] is not a help system in the sense studied in this thesis, but is worth

noting as an example of the extreme toward which some help systems seem to aspire. DWlM slands

fi)r "I)o What 1 Mean", and can be used to correct a large number of syntactic errors in Interlisp

programs, either automatically or with user c¢)nfirmation. DWIM is able to be successful in this

effbrt largely because of the extremely regular and straightforward syntax of I,ISP. Applying its

techniques in less regular domains will inevitably yield less spectacular results, but is certainly worth

studying.

3.1.25. SPF

The IBM System Productivity Facility [59] incorporates a sophisticated help and tutorial system.

The system is essentially menu-based, with a strong bias toward walking a "standard" path through

the menu network, but it also provides limited facilities for keyword search through the network,, and

allows context-sensitive invocation of help (that is, the root menu fi'ame varies with the context in

which help is requested). The SPF help facility appears to be entirely integral; documentation and

application program are inextricably bound together at the programming level.

3.1.26. Symbolics Sage and Document Examiner

Janet Walker's work on on-line documentation [119, 120] has produced interesting results in two

areas relevant to this thesis. Her Sage system [119] provides a highly structured mechanism for

constructing help databases, rather like Fenchel's SARA or the ACRONYM system developed for

this thesis, but with a more rigorously constrained document structure. Whether such structure is

good, of course, depends on whether the basic parts chosen for that structure are the right ones,

which is a difficult assessment to make. However, Sage clearly provides more power to the

documentation writer than the other systems, by virtue of its highly structured and integrated

environment, possibly at the cost of making the documentation occasionally strained to fit into the

prescribed format.

A more recent development is the Symbolics Document Examiner [120],a system utilizing the large

high-resolution display of a 1.isp Machine to provide help via key word and menu selection, with an

unusual facility for using "bookmarks" to remember the user's previous history of especially

successful help requests. The system can be accessed in a context-dependent manner, at least when

looking at a IJSP program. It appears to correspond closely to the state of the art in help systems,
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something like the ACRONYM system developed here, but designed to take advantage of modern

workstation display technology. As of this writing, no description of the l)ocument Examiner has

been published.

3.1.27. CRAS

The on-line help system for CRAS (Cable Repair Administrative System)[43] at A'I'&T reflects a

deliberate effort to integrate on-line help with on-line documentation design and more traditional

user's manuals. Special facilities are provided both to reduce the need for paper documentation and

to provide tools to help users keep their paper manuals up-to-date. The help system is highly integral

to the CRAS application system, even utilizing CRAS file structures and software as part of the help

database.

Despite the care given to complex information handling, CRAS's help system is extemely limited

from the user's end. There is no context-dependent help, no menu system, and no keyword help

worthy of the name. Instead, a few simple commands are used to extract help from the database, and

ti_c relevant application programs tell how to get that help as part of their error messages, e.g. "For

more detail type: prtdoc cmd.rpt02". Thus, despite the complexity and effort inw)lvcd in the

database, CRAS's help offers very little in the way of help fimctionality to the user. If, however, this

is the price which the designers paid in order to make the actual help texts extremely readable and

usefifi, then the results of this thesis tend to validate that tradeoff. Unfortunately, the published

description of the system gives no indication that text readability was emphasized, and no samples of

the actual texts.

3.1.28. DOCUMENT

DOCUMENT [41] is a help system primarily geared to producing on- and off-line help from key

word requests, where all key words were supplied explicitly by the document designers. The system

is especially notable for its support of multiple interaction styles; there are three levels of expertise,

and the verbosity of prompting and error messages varies with the expertise level. Expertise level

may be specified explicitly, but the system will sometimes revise its estimation of a user's expertise

based on that user's actual performance. I)OCUMENT is also noteworthy for the care given to

integrating the delivery of paper and on-line help in an extremely complex user environment.
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3.1.29. Thumb

Thumb [85] is a system that weds on-line help to the kind of search mechanisms generally reserved

for infrormation retrieval systems. Documentation is carefully encoded in such a way as to finely

describe its structure, and is then accessed with complex search commands. The resulting language is

extremely powerful but baroque; the paper on Thumb [85] cites an example in which "about rain

interacting with night" and "about rain occurring with night" match different sets of texts for which

"rain" and "night" are keywords. Although file primary mechanism is this kind of complex keyword

search, menus are provided at points of ambiguity. Context-dependent help is apparently not

provided. The complexity of the mechanisms suggests that such methods may remain more

appropriate for general information retrieval than for the specific task of on-line help.

3.1.30. Transition Diagram-based Help

Feyock[36] describes a planned help system which would utilize a transition diagram

representation of the user's state to generate help messages. In his discussion of the representatkm of

the user's state, Feyock anticipates much of the command grammars that have been used

subsequently, including in this thesis. He gives little attention to user input, which he correctly sees

as being easily implemented in a number of ways with the single database. More surprisingly, he

completely disregards the role of help texts, assuming instead that the representation of a state in the

command grammar will easily yield readable help messages: "'Once such a [regular] expression has

been generated, a simp/e recursive routine suffices to output the regular expression in a quite readable

format." The results of this thesis, however, suggest that the construction of readable texts is the most

important single part of help system design. At a minimum, it must be said that there is no evidence

at all to support Feyock's claim that automatic generation of texts can, in our current state of

knowledge, produce high-quality help messages.

3.1.31. ACTIVIST and PASSIVIST

Fischer, et al. [38] describe a knowledge-based help system that can act both actively (making

helpful suggestions, in a manner similar to the WIZARD system described above) and passively,

interpreting help requests given in natural language. They concentrate on the underlying knowledge

representation supporting the help systems, rather than on the details of the user interface. As with

WIZARD, there is no evidence presented to prove that the knowledge-based systems actually gain

anything over the more traditional approaches, but instead the authors accept this as being simply

obvious to anyone who considers it.
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3.2. Perspectives from Other Domains

In thinking about help systems, it is useful to think not only about what has been done in on-line

help for software, but also about analogous methods that have developed in other domains in

response to the problem of informing the us'er about the tool at his disposal. A comprehensive survey

of such areas is beyond the scope of this thesis, and indeed is probably impossible. However, I will

discuss here a fcw of the rclated problems that have hclpcd mc in thinking about help systems.

Hcckel's enjoyable book [54] gocs into much greater dctail with a large number of analogies relevant

to interface design.

3.2.1. Highway Navigation

In navigating an automobile, there are two primary help systems. The road map is a static help

system, which provides a stable and (it is hoped) consistent picture of the task domain. This is most

useful for general orientation and for high-level planning, as well as for problem-solving when errors

occur. Road signs, the second help system, are by contrast highly context-sensitive, and are useful

primarily for making low-level decisions in a hurry (e.g. "I)o I turn here? Right or left?")

The driver of a car on the U.S. highways today faces a system as vast as nearly any software system

yet devised, but despite well-known and oft-discussed exceptions, generally manages to find his way

with little trouble. Why is this so?

To begin with, the driver usually benefits by well-defined context. It is exceedingly rare to see a

road sign in California that points to Manhattan, which is as it should be given the percentage of

drivers in the area whose ultimate destination is on the East coast. Indeed, it is unlikely that more

than a small fraction of California drivers even have a map of New York in their cars. This is in sharp

contrast to the typical computer user, whose "road maps" are the myriad paper manuals that line his

walls, even if he has no intention of ever using most of the features they describe, and whose "road

signs" are most often on-line help systems that point, with equal cheerfulness, to every feature on the

system. (A road sign comparable to such help systems might read "Exit 22: Ho Chi Minh City, New

Delhi, Spokane, Chicago, Forbes Ave.")

Of course, most computer systems do not begin with the clear usage patterns and locality of

reference characteristic of a highway system, but this does not mean they cannot evolve in such a

direction. Certainly it is reasonable to imagine a help system smart enough to say, "Hmm, this user

doesn't do anything but word processing, so I really don't need to tell him about the debugger's
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symbol table even if he did type 'help symbol'." Moreover, it is also reasonable to design future

systems to promote a clearer division of task categories, which will facilitate context-sensitive help.

Consideration of the imaginative generations of work that have designed the modern road map are

also worthwhile. A road map is a static picture of a very large object. Nearly every such map,

nowadays, comes in a very unusual form: an enormous page of paper cleverly folded to facilitate

looking at smaller parts of it at a time. Perhaps computer manuals can be imaginatively reformatted

to facilitate a large number oflaelp situations. Some of the conventions used in maps -- most notably,

insets showing details at different scales -- may also be relevant.

There is a large amount of literature on traffic signs and marking, some of which I surveyed in my

research on help systems. While surveying it, I dismissed it as generally irrelevant, much to my

disappointment, because it concentrated on such "mundane" factors as the proper height of lettering

on the signs, the proper colors of signs, and so on. (See, for example, [70].) In retrospect, given the

results of the experiments reported in this thesis, it seems that I might have properly regarded this

emphasis as a warning that my preconceived notions about what is most important in a help system

might have been entirely misguided.

It is also worth considering, with regard to the current vogue for iconic user interfaces, the system

of international symbols that has come, in recent years, to decorate the world's roads, airports, and

other public places. Nearly everyone can tell a story of coming face to face with an international

symbol, designed to be meaningful even to savages from the most obscure corners of the globe, and

being utterly baffled by its meaning. Many iconic interfaces coming onto the post-Macintosh market

seem equally poorly chosen.

3.2.2. Driving a Car

For better or for worse, most people seem to learn to drive both their first car and any subsequent

car without once opening the owner's manual. That they prefer to do so is a motivation for designing

"self-evident" software. That they are able to do so is a motivation for studying the layout of an

automobile's controls.

The basic controls of an automobile are, of course, relatively uninteresting and the same for nearly

ever car. Steering wheels, brakes, and gas pedals are the apparently inevitable results of decades of

tinkering with real people operating real machines. The few points of variation are relatively minor,

enough so to be easily indicated by a small picture, as in the map that tells where the gear positions
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are on a manual transmission. 1)esirable though such a situation evidently is, it seems unlikely to be

matched by software systems for a long time.

More interesting is the design of the peripheral controls -- such things as the lights, radio,

windshield wipers, and so on. With less intrinsic reason to standardize, these features vary wildly

from one car to the next. In most American cars, the controls are labeled in English, but increasingly

cars are built for worldwide distribution, and are labeled with cryptic and often meaningless icons.

How do most people deal with these peripheral controls? Trial and error. Each dial is turned, each

switch flipped, each knob pulled, until the desired effect is achieved. Crucial to this process are two

assumptions on the part of the user: none of the controls can produce a harmful effect, and the set of

things he'll need to try is very small. These assumptions arc virtually never true for software systems.

Help systems can only sometimes help to make them true, and hence to facilitate explanations; more

often, it is in the underlying application interface design that these assumptions are violated. That's

one reason people use software manuals more than the owners' manuals for their cars.

3,2.3. Small Appliances

The average American today uses a wide variety of small mechanical devices that, seemingly at

least, make his life a bit easier. While the quality of the instructions that accompany these devices

varies substantially, some of the techniques used in the better ones seem applicable to help systems.

Most notably, some food processors and similar appliances have a few pictures on them, carefully

designed and strategically placed, that seem to entirely obviate the manual for most situations, q_is

technique of designing for the most common need is virtually never applied in help systems, but would

be obviously useful there. Most help systems require the stone amount of effort to answer the

simplest questions as the hardest and least common ones. (In fact, the ACRONYM system described

later in this thesis shared that deficiency, and even made some of the simplest tasks harder to get help

for than some of the genuinely difficult tasks. See Figure 7-5, on page 99 and the accompanying

text.)

3.2.4. Human Experts

Of course, the best help systems for almost any applications seem to be human experts. Such

experts offer at least five things other systems generally lack: spoken input, spoken output, natural

language, immediate recognition and processing of feedback when explanations are inadequate, and

empathy. The importance of any of these should should not be underrated.
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Chapte r 4
Relevant Previous Research

The literature describing human factors research on computer software is small but growing..The

subset of that literature that is relevant to on-line help systems is extremely small. On--line help

systems have been as neglected by human factors experimenters as they have been by programmers.

For example, Mudge [77] wrote a dissertation entitled "Human Factors in the Design of a Computer-

Aided Instruction System" and, despite being generally quite thorough, managed to avoid making

even a single mention of on-line help.

Thus the amount fl_at is actually known is not great, but at least a comprehensive survey is still

possible. In this chapter. I will discuss the major experiments with results relevant to on-line help

systems. Since details about actual hclp systems were collected ip.the pre_ious chapter, this chapter

will focus on more general work, reporting relevant experimental results, critical surve._,s,technical

notes, and more general psychological and text-related perspectives.

4.1. Surveys

Only a few papers have surveyed the state of the art in on-line help systems. Sondheimer and

Relies [113] present an excellent survey of the various methods by which help systems can be studied.

However, they then concern d'_emselves largely with issues of implementation, and make some

unwarranted assumptions about what help systems oughl to look like. Houghton [55] surveys _arious

techniques available in help systems and related aspects of user interfaces, but does not go into any

significant depth about any of them. Shneiderman [108] surveys primarily the relevant experimental

results. Christensen [17j surveys actual existing help systems.
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4.2. Experimental Results

The few experiments that have been reported with regard to on-line help present a mixed bag of

results, generally discouraging. F'rom the published literature, it would seem that on-line help holds

little l)romise for actually helping real users. Most of this phenomenon, however, can probably be

accounted for by the fact that the experiments were conducted using rather primitive help systems.

This may be inevitable, given the fact that psychologists don't build complex software systems, while

programmers who do build them don't generally run experiments testing them. "l'he current thesis is

designed in large part to address this phenomenon.

Magers [73] describes an experiment in which a fairly unsophisticated help system is modified in

several simple and easy ways to yield a new system that is significantly more useful for novice users.

This study demonstrates the importance of such non-technical "details" as text quality, command

names, and non-technical orientation. Unforttmately, the study suffers from a major confounding

factor: while it demonstrated that one of the two systems was better than another, it could not

pinpoint which of the differences were responsible, and the systems differed in man}' small ways. In

the absence of a complete theory behind the experimental design, the results are open to multiple

interpretations.

O'Malley et al. [81] report that after extensive observations of the actual usage of the UNIX help

system, they determined that it was used in three distinguishable types of situations: for quick

reference, for task-specific help, and for ffdl explanations of commands. The latter is what UNIX

already provides, and the former is easily provided, as indeed it was in a related study [5]. However,

the second type of help, which the authors call "task-specific help", requires help that presents an

integrated perspective on several separate system ffmctions, a kind of help not often found in working

help systems.

The later Bannon and O'Malley study [5] reports on the evaluation of a quick-reference help

facility designed to supplement the standard UNIX hell) facility. Their paper focuses on the

difficulties of evaluating such systems, and discusses several possible approaches to such evaluation.

Apparently without having actually run any controlled experiments on the system, they conclude that

controlled experiments are not useful in evaluating the high-level design and utility of the system. In

their own words, "A more controlled study wotfld be appropriate for the purposes of debugging the

specific display design, after we had determined the usefulness of this type of facility." [5, page

6g] This conclusion seems to be contradicted by the results of this thesis, which demonstrate that even

the most basic high-level decisions that are made in the design and infonnal testing of a user interface
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can be completely wrong when reached by simple subjective ewduations. (Bannon and O'Malley

would not be likely to deny that such decisions are otien wrong, but merely that controlled

experiments can help get them right. 'l'his thesis is an argument that they can indeed help, but only

with the enormous amount of effort that went into the experiments reported here.) Of course,

Bannon and O'Malley relied on interrnediate methods -- not wholly subjective, but not rigorously

controlled experiments. In the context of this diesis, their methods -- primarily long-term monitoring

of real usage patterns -- would have required as much effort as did the controlled studies, and the

results at best could not have been any more reliable.

Mantel and Haskell [74] analyze in detail the experience of a first-time microcomputer user and

find that 54% of that novice's problems were related to the system documentation rather than to the

interface itself. 1'he authors make some suggestions about the causes of this phenomenon in terms of

the conceptual orientation of the texts, but the study is equally valid as an argument for much more

sophisticated help systems. Primarily, their study demonstrates that much of novice users' problems

with computers may be related to inadequate help and documentation.

Draper [27] extensively analyzes experts' command usage on UNIX, and concludes that the notion

of "expertise" on a complex system such as UNIX is highly misleading. He finds that so-called

"experts" may know virtually non-overlapping subsets of the entire system, and act much like novices

outside of their domains of expertise. He suggests, in fact, that the only real measure of expertise may

be a user's facility with the help system -- that is, his ability to use the available help to learn what he

needs to know. This conclusion, if correct, might help explain the surprising results o1: the

experiments on experts using help systems reported in Section 7.4 of this thesis.

Mack, Lewis, and Carroll [72] report on studies of novices learning to use word processors. They

conclude that the help systems were totally ineffective for their users because the help was oriented to

answering specific questions, whereas discerning the right question _as often the crux of the subjects'

problems. This reinforces the importances of examples, tutorials, and concept-based help, which

were apparently not provided by the help system on the word processor in the study. (The authors

described the help system as "state-of-the-art" without elaboration.)

Bott [10] reports extensively on how naive users learn a simple task on a computer. Perhaps the

most interesting and relevant conclusion he reaches is that analogies in help infonnation can be

highly misleading, producing "blind spots" when the analogy is not quite exact. This concern is

echoed in a later article by Halasz and Moran [48].
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Lang, Auld, and I,ang [69] study the goals and methods of users trying to accomplish various

simple tasks, and concludc that documentation is most useful when it is extremely short and to the

point. This suggests that on-line help access mechanisms can bc of great value if they can quickly

direct the user to a short piece of text without making him look through a large body of irrelevant

information.

For the computer scientist contemplating experimental research, examples and guidelines for

experimental design are invaluable. Aside from gcneral texts on experimental design

[13, 57, 123, 125], there are several texts that dcmonstratc successful experimental methodologies in

user studies of software other than help systems. Card, Moran, and Newell's book[14],

Shnciderman's book [107], and Reisner's survey [88] summarize the state of the art to a large degree.

Enlightening examples of well-constructed specific studies include the Roberts and Moran

experiments [8, 93, 94, 95], Robertson, et al. [96, 97, 98, 99], Dzida, et al. [32], Black and Moran [7],

and Loo [70].

4.3. Relevant Results from Psychology and Document Design

Research

Compared to the paucity of actual help system research, an enormous amount of work has been

done on the psychology of human-computer interaction and on the design of technical

documentation. Summarizing all of this work is beyond the scope of this thesis; indeed, it might

require a thesis-sized work in itself. Here, however, I will mcntion several highly relevant work

which either summarize results from those fields in a manner relevant to help system design, or

otherwise provide valuable insights for the design of help systems. This section should by no means

be considered to be exhaustive.

The problems of naive users learning to use on-line systems have been discussed in many articles.

Kennedy [62, 63] has advocated a number of specific remedies for these problems, including some

unspecific recommendations for on-line help ("A HELP key or command ... is essential to give

confidence to a casual or naive user." [62, p. 319]) Other worthwhile work discussing the needs and

motivations of individuals learning to use computer systems has been done by Anderson [2, 3], Bott

[10], Moran [75, 76], Nicholson [78], Norcio [79],and Rosenberg [102].

The problem of document design has received an enormous amount of attention. Much of this

work is summarized in a set of document design guidelines by Felker, et al. [33], which draws on a

wide range of research in this area.
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Several studies [45, 46, 47] have demonstrated that reading from a standard video display screen is

significantly slower than reading from paper, although the differences seem to go away with larger

screens and higher resolution.

As a global motivation of studies such as this one, tile study by Sproull, et al. [114] is a compelling

demonstration of how far computer scientists still have to go to make computer systems less

intimidating to new users. In this study, college freshmen responding to a carefully constructed

survey indicate that the fear, frustration, and sense of inadequacy generated by introductory

computer courses dwarfs any other terrors the university can offer to its undergraduates.

In addition, studies done at IBM [23, 24, 25] have dramatized the importance of response time for

productive user interfaces. These studies suggest that rapid response time is an ideal worthy of more

than lip service, for a small increase in response time can, at least for certain kinds of tasks, lead to a

much larger increase in total task execution time. These studies should serve as a red flag to all who

believe that it is reasonable to trade off speed for power.

4.4. Technical Research on Help Systems

Finally, a small amount of useful work has been done with regard to the actual implementation of

help systems. In a sense, it is surprising that any work at all in this area could be useful, since in the

absence of any real understanding of what a help system ought to look like it is premature to describe

how it should be implemented. Nonetheless, a few authors whose work has included good ideas on

the design of help systems have also contributed information on their implementation.

Fenchel [34] built the first help system to maintain all of its help in a single coherent database, thus

making it possible to consider providing several kinds of help in an integrated manner from such a

single database. Unfortunately, his work focused so much on the implementation that he never did

build more than a single access mechanism, but the implementation work was quite interesting, and is

a clear ancestor of the prototype system built for this thesis.

Sondheimer and Relles applied the same knowledge that produced their survey article [90] to

produce a specification for a unified approach to on-line help systems [113]. This latter paper is

clearly preliminary to a new implementation effort, and describes a comprehensive framework for the

implementation of such a system. The authors may actually assume too easily that the proper design

of such a help system is understood -- at least, it is obvious that they think they understand it -- but

given the nature of the design they propose, their discussion of implementation techniques is very
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useful. An earlier paper by Relies and Price [89] goes into great detail about the architecture of a help

system they built, describing primarily how the programmer interface to a highly flexible system was

designed.

A few of the morc experimental help systems reported in the literature actually are reported more

heavily f_r their implementation techniques than their interaction facilities. These include especially

the knowledge-based help systems such as Finin's[37, 109], Wilensky's[122], Howe's[56], and

Genesereth's [40]. These papers are of interest primarily to the builder of knowledge-based help

systems; it should be noted that there is as yet no demonstration that the knowledge-based approach

is either practical or useful, despite the promises of its practitioners.

Of course, there is also a fair amount of literature detailing implementation considerations tbr user

interfaces other than help systems. While some of this may well be of use to the help system

designer, it will not be surveyed here.
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Part Two

The Method



56 T111!DI_IGN AND FNAI UATION O1: ON-I.INIi i11!I,1'SYSTI!MS



TI II! ACRONYM II1!!P SYSTI,M 57

Chapte r 5

The ACRONYM Help System

This chapter describes the prototype help system implemented for evaluation in this thesis.

Sections 5.1 and 5.2 discuss the motivation of its design and the choice of UNIX as the

implementation domain. Section 5.3 presents a top-level view of how the system works. This is

followed, in Section 5.4, by a more technical discussion of the system's implementation, which may

be safely skipped by the reader unconcerned with such details. The chapter concludes with a

discussion of the limitations of the prototype system in Section 5.5.

5.1. Motivation: Factors in the Design of ACRONYM

Research on help systems can proceed in any number of directions, as the survey in Chapter 3

demonstrates. At the present time, promising fields for research include the use of graphics in help

systems, natural language help systems, and "intelligent" help systems or tutoring systems which

apply real knowledge about the task domain to the generation of help.

This thesis, however, is not designed to address any of the ongoing research problems in those

areas. Rather, it is concerned with a more practical set of questions: how should techniques that are

already well-known and well-understood be used to create the best help system that is practical and

reasonably cost-effective at the present time? Obviously there are some grey areas: current

workstation technology makes windowing and simple icons easy, but programming these

workstations for sophisticated graphics, though possible, is still extremely complex and time-

consuming, and hence not cost-effective for many applications.

The concern here is to utilize known techniques to the maximum and to study their effects. The

importance of dais approach is amply demonstrated by the sorry state of help systems in the real

world today. It would appear that the few programmers who have seen fit to devote real effort to

building help systems have generally acted in ignorance of the good facets of help systems that have

gone before. The help system to be constructed for dais thesis, therefore, was specified to be one that
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ato' good programmer should be able to completelx, in_plement in a reasonable amount of time and

that would run on ordinary hardware. 13 In this way, the system should serve as a model for future

implementations, or at least as a new minimum sumdard to which all filture help system designers

might be held accountable.

Given this limitation -- that the implementation of the help system should not itself address any

unsolved research issues -- certain types of help features are immediately ruled out. ttowever, the

vast bulk of the help spectrum discussed in Chapter 2 remains available as techniques for the

implementation of the prototype help system. In particular, all that are really ruled out are help

systems which use fancy graphical techniques, beyond simple windowing, intelligent help systems

and tutors, and natural language systems (although the latter was simulated with extremely

interesting results).

Other factors motivated the exclusion of a few other potentially useful help features. Since the

system was to be studied only in relatively short-tenn experinaents, it seemed useless to build into it

facilities for long-term monitoring of individuals and for tailoring its behavior to individual user

models and profiles.

Perhaps more importantly, the contents of the dat_base were dictated to a large extent by the

necessity for objective experimentation. Since the experimental methodology (to be described in

subsequent chapters) was designed before the help system was actually built, it was important to

ensure that I did not bias the help system's database in favor of those tasks that I knew would be a

part of the experimental task set. Therefore I obtained the contents of the database from the best and

most appropriate book I could find. M Although the information in that book was already well-

structured for inclusion in a network-based help database, it did omit some kinds of texts that might

be useful in a help system. In particular, it did not, for each command, include special sections on

level of expertise required, category of command (file handling, word processing, etc.), analogies or

13The definition of "ordinary" may be somewhat strained here: while sophisticated graphics are not presumed, the system
studied in the expcriments featured a 60-line terminal with a mouse, l loweveL a second version of the system ran on an
ordinar,' 24 line terminal without a mouse. Differences between the two versions, and obscr,,_ations reievant to future
implcmentors who are constrained to a smaller .screen,are recounted in Chapter 8.3.

14Texts for the experimental hclp system were derived in largc part frt_rn Mark Sobell's A l'ractical Guide to the UNIX
System, Copyright (c) 1984by Mark G. Sobcll, published by the l_njamin/Cummings Publishing Company. The cooperation
of the author and publisher is gratefully acknowledged.
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metaphors 15,or customization. It also (lid not provide multil)le levels oi"deepening help for people

with differing expertise. Any of these might improve the system, and all of" them are perfectly

feasible; indeed, they are merely the data for the help mechanisms, and could be included with no

change m the mechanisms themselves.

5.2. The Choice of the Implementation Domain

As has been stated, the task domain chosen for the prototype help system and experiments was the

UNIX operating system. While UNIX's widespread use and notorious opacity for novices [80] might

make this choice seem the obvious one to many, a f_w words about its selection are in order.

The three key factors in choosing UNIX as the implementation domain were a large local user

community, an interface that was initially difficult to learn, and a software environment conducive to

the quick construction of the prototype system.

The requirement of a large user community, which was designed to facilitate experiments testing

the help system on expert users, effectively narrowed the choices available locally to four: UNIX,

TOPS-10, VMS, and TOPS-20. (Two other systems available locally that were rejected primarily

because of the size of their user community were the SPICE integrated programming workstation

environment and the UNIX-based Andrew system under deveh)pment at the Information

Technology Center at Carnegie-Mellon.)

Of these four systems, UNIX was the clear choice for both of the remaining two reasons. The

cryptic nature of the UNIX command interface is legendary, as its supportiveness for software

engineering tasks [65,64]. In addition, UNIX was chosen because of the availability of UNIX Emacs

[44, 9], a powerful editor which is programmable in a lisp-like language. By building the entire

system within Emacs, it was possible to completely avoid having to write any screen management or

process management code, which undoubtedly saved many weeks of implementation time.

15It should be noted, however, Lhat several authors have argued against using analogies or metaphors in computer

documentation. [10, 48]
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5.3. The Design of ACRONYM

ACRONYM 16is the prototype help system designed for use in this thesis. As stated earlier in this

chapter, it was intended not to break new ground in help system design but rather to consolidate and

integrate existing techniques. As it happens,'this consolidation and integration itself may be regarded

as ground-breaking: experienced computer users testing ACRONYM have routinely remarked on its

power and clarity of design.

ACRONYM represents help in a single database which can bc accessed via a number of

independent mechanisms. The system was designed to make it easy to turn various component

mechanisms on and off to facilitate testing. However, the version described here is the full version

with all t_acilitiesenabled.

5.3.1. The User Interface

When ACRONYM runs, it divides the screen into three windows. (This is the primary motivation

for using a larger-than-usual 60-line screen. Those versions of ACRONYM which use standard 24

inch screens end up with 7-line windows, a bit small for most people's taste.) The bottom window is

the command window, where the user types commands and the computer prints its responses. The

top window is the help text window, where the system displays the help texts that have been accessed

by one of the help mechanisms. The center window is a help menu window, listing rclcwmt topics on

which further help is available. Figure 5-1 shows the ACRONYM screen when it first starts running.

Appendix B shows a series of such screen pictures as it illustrates how ACRONYM looks in actual

use.

All of the windows are independently scrollable, using mechanisms to be described below.

ttowever, the database has been structured so that in most situations, scrolling is not necessary; the

size of the help text and the number of menu options is usually small enough to fit in the 19-line

windows provided.

Help is available via four basic mechanisms. The first mechanism is passive help. This is the only

computer-initiated help ACRONYM provides. Whenever the user types the SPACE key (the most

common separator between components of a UNIX command) or the RH'U RN key (the terminator

of UNIX commands), the system parses the partial command line and updates the help text and

16ACRON _tqVlis not an acronym.
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Figure 5-1: What ACRON YM's Screen Looked l.ike

Welc()me to ACRONYM. If you dor_'t want to be here, press DE[ to exit.

r_ addition to normal typewriter-style keys, your compute!" has a pointing
device known as a "nlotlse." You can move this device arotlr}d, callsing the arrow
on your screen to move arotlnd and poifrt at differ'enl parts of the screen.

n this system., yoLJ can use the mouse to get help irl several ways.

o begin with, you will notice ti_at tlre higlllighted line _Jnderneath the text
you are now reading says "PRISS HERE to move for'ward." If you use the

mouse to point the alrow at the word "HFRE". an(J therl press ar_y button on
the mo,Jse, yell will find that the text in this window is scrolled forward --

that is, the begirming o+ the text will disappeal, i_rl(lfew text will appear
at tie end of the w_ndow, fry it and see.

if you can't seem tu get the window to scroll forward, tills probably means

that you are pointing the arrow a little too high, Note that it is the
arrow head, not its body. that should be pointing at the word "HERE",

iIrJ general, whenever this window ov the one below it. has more text than is

-- Hel l) texts -- PRESS HiRE to move forward.

** How to use the ACRONYM llelp system
** at: _xecute a Shell script at a specified time

** i)b: print notices from bulletin board(s)
** hiff: be notified if mail arrives and who it is from

** cat: display calendar
** calendar: reminder calendar

** cat: display a text file

** co: C compiler
"* coat: Print compressed files in uncompressed format

*" cd or chdir: Ci_ange to another working directory

chmod: Change the access mode of a file
*" ::hat: Comnn;nicate with (log in to) arlother machine on the Ethernet
** ok: check if new mail ilas arrived

** crop: Compare two files t_ see if they differ"
cmuttl_: Iransfer files to and fronl other machines Qn the Ethernet
col: fi_t.el reverse line feeds

*.* ,;omm: Com[,__te ¢wc fi los alJd F;inl matching a,d nor matchirrg l lnes
cL'mpact: compress ii les to save space

** cp: Copy file

cz: convert files to press forlaat and print them on the Dover

-- Hel l) menus -- PRESS HERE to move forward.
$

Press 'i" for corrtext-dependent help_ l)ft to e_,it. Press HERE for basic hv,lJ).
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menu windows accordingly. Thus, if a user t3pes "rm" and then presses SPACE, the help text

window is updated with a short text describing the options and arguments for the rm command. 17

The menu window is updated m list such related help topics as "Examples of the rm command",

"Options for the nn command", "What is a file?", and "rmdir: Delete a directory". Note that some

of these menu items provide further details about the command in question, while some describe

concepts of global importance (files, directories, path names, and so on), and still others point to the

documentation on other, related commands.

The second method by which help can be obtained is also context-dependent; it is in fact just like

the first except that it is human-initiated instead of computer-initiated. By typing a question mark

("?") at any time, the user can cause the system to parse the current command line and update the

help in much the same manner as it does automatically when SPACE is typed. However, this

mechanism is available even if the automatic updating is turned off; and can be used in the middle of

a word to beneficial effect. For example, in UNIX a hyphen ("-") usually signals an option on a

command line. Therefore, if an ACRONYM user types, tbr example, "rm -" and then types a

question mark, ACRONYM will update its help window to contain a detailed description of the

options for the rm command. This technique is also used for file name completion. For example, if

the user types "'rm rex" and then types a question mark, the menu window will be updated to

include, as new menu choices, the list ofalt file names in the current directory starting with "rex".

The third method by which help may be obtained is key word requests. At any point, the user may

type the word "help" followed by a key word. ACRONYM will then look up the key word and

update the help and menu windows accordingly. For example, if the user types "help rm", the help

text will bc updated to the initial help for the rm command, with appropriate menu items. If the user

types "help file", the text will discuss what a file is while the menu will list commands and concepts

related to the notion of a "file". In the case of ambiguous requests, such as "help ill" which might

reasonably refer to "file", "filter", or "profile", ACRONYM will dynamically generate a help menu

that allows the user to choose between those ambiguous interpretations.

Finally, the fourth method by which help may be obtained is menu selection. As described above,

the menu window at all times contains a list of topics for further help. In the mouse-based version of

ACRONYM, users can simply point to one of these at any time and click any mouse key, and the

help will be updated to explain the topic selected. (In the non-mouse, small screen version of

ACRONYM, menu selection is done with function keys.)

17"lhc rm command on UNIX is used to delete a file or files.
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When help is updated by a mechanisnl that is not context-sensitive -- that is, by key word or menu

help -- the new menu will include as its first item the option of returning to the previous help frame.

This makes it relatively easy for users to recover after an ineffective help request. An arbiu'ary

number of menu or key w'ord help requests can all be backtracked, but tile stack is reset every time

context-sensitive help is obtained. (This seemed to make sense when it was designed, but observation

of users suggests that resetting the stack causes unnecessary confusion, ttowever, the backtracking

feature was never used to backtrack long distances, so a better yet still efficient implementation might

simply allow backtracking of the last 20 help fl'ames, whatever they were.)

A few other features of the system are worth mentioning. Independently scrolled windows are

implemented as follows: when the help text or help menu window contain more text than can be

displayed, one or both of the phrases "Press HERE to scroll backward" and "Press HERE to scroll

forward" appear on the line that divides the window from the one below it. Users can scroll the

windows by simply pointing at the appropriate spot with the mouse. Scrolling is implemented with

function keys on the non-mouse version (e.g. "Press f13 to scroll backward"). Help with the

mechanics of the help system itself is also always available with a mouse selection; a spot at the

bottom of the screen sas_ "Press HERE for help with the ACRONYM Help System". This, too, is

done with a function key in the mouseless version. An error mess_ige is printed if the user tries to

select an inappropriate part of the screen with the mouse.

The use of ACRONYM is further illustrated by example in Appendix B. Reading that example

will probably give the reader who has never used ACRONYM a clearer picture of how the system

works. A brief videotape of ACRONYM in action is also available.

5.3.2. The ACRONYM Database

The most important thing about the ACRONYM database is that it is a database -- a database of

knowledge about help systems, rather than a set of texts for use in specific circumstances. It was not

designed to support a single help mechanism, but instead to structure the help data in such a way as

to facilitate retrieval via several different mechanisms. This kind of database a!h)ws the maintainers

to add new help mechanisms without having to write new texts.

ACRONYM's database is structured as a network in which the basic object is an indivisible chunk

of help text. These texts are linked to each other by pointers, which are used both for the

construction of menus and for the parsing of command lines. Pointers may be syntactic, in which

case they are used for parsing, semantic, in which case they are used for menu construction, or both.
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Purely semantic pointers can be specified forward or in reverse, to sitllplify fleshing out the database;

duplicate pointers are automatically eliminated. Each text has a short name, used in the database

implementation to specify pointers, and a long name, which is the one line of text displayed in

menus.

As stated before, the ACRONYM database comes primarily fi'om Sobell's excellent text on the

UNIX system [112]. It was necessary to supplement these texts with additional texts to describe those

commands which are not part of standard UNIX but are in common use at Carnegie-Mellon. (It was

considered essential that the depth and breadth of the ACRONYM database should be

approximately the same as the standard help system to which it was being compared.) These texts

were written in a format and level that resembled Sobell's texts as much as possible. It was also

necessary to supplement the Sobell texts with additional texts that explained concepts, such as "file"

and "directory", which were not available in the right format in the Sobell book. Finally, of course, it

was necessary to link these texts together with pointers; no such linking was provided by the Sobell

book. (Such links would not make much sense in the context of a textbook.)

5.4. The Implementation of ACRONYM

This section describes some of the details of ACRONYM's implementation. It can be skipped

without loss of continuity by the uninterested reader.

ACRONYM was implemented on a Digital Equipment Corporation VAX-11/750 running UNIX

and Emacs. The terminal used was a Xerox Alto personal computer running a terminal emulation

package (rchat) which simulated a 60 line intelligent terminal with a mouse. 18 Most of the code was

written in Mock Lisp, the Emacs extension language, but the most computation-intensive portions

were written as a C process communicating with Emacs via the CMU IPC [86]. This allowed the C

program to parse the command line asynchronously, so that there were no user-level delays for

parsing. (This also meant that occasionally the help update performed when the user pressed SPACE

was not completed until the user had typed several more characters.) The system ran with no

detectable response delays on the VAX when unloaded, and with a few seconds delay for context-

sensitive help when the VAX was heavily loaded. However, for the experiments the system ran at

high priority, and hence with very fast response.

18The terminal emulation package did not permit graphics or ,sophisticated control of the mouse. The mouse identified its
own location only by its character row/column position, rather than the much finer resolution of which the hardware was
capable.
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The details of the implementation of ACRONYM and its data structure were dictated ill large part

by the decision to build the system within Emacs. Emacs offers several advantages in such a system,

most importantly the built-in provision of sophisticated screen management, string handling, and

process management facilities. However, its facilities for file access are rudimentary: either it reads

in an entire file or nothing at all. Thus, the implementation either had to store the ACRONYM

database in one or a few large files whicla would be read by t'macs in their entirety and then taken

apart as needed, or it had to store the database in a very large number of small files, each containing

the help text for a single node in the help network. This latter approach was used, as it held out the

clear promise of faster performance in the Emacs environment. _9 A system operating independent of

Emacs could easily achieve the same performance without such a proliferation of files simply by

using pointers into files and random disk access.

Thus, ACRONYM stores almost everything as a separate file. What the documentation designer

creates for a help node is two files: the first file is the help text, displayed by ACRONYM in its help

text window, and stored in a file named by the node's unique name followed by the suffix ".help".

The second file, suffixed ".hcom" is a program specifying the way the help node is linked to other

nodes, written in a compiled language that could easily be improved on in future systems. The first

line of such a program is the "tag line" used to identify the node in help menus. The remaining lines

are each pairs of words specifying relations between nodes. The first word gives the link mechanism,

while the second word is the name of the node being linked to.

The link mechanism is simply "@link" to specify a semantic (menu-only) link from the current

node to the node named as the second word. The link mechanism "@key" is the opposite: it

specifies a menu link from the named node to the current node. (The word "key" is intended to

suggest the specification of a key word. For example, file .hcom file for "rm" includes "@key file" to

indicate that "file" is a key word for rm, so that people looking at the help for "file" should see a

menu item leading them to the "nn" command.) Other link mechanisms available are for syntactic

links -- links that are used in the parsing of command lines for context-sensitive help. 'Ilaese

mechanisms specify state transitions: if the parse is in a state corresponding to file current node, the

syntactic links specify how the parse can advance to another node. The simplest such mechanism is a

simple string, indicating that the transition can be made if the user types tile string verbatim. Thus,

for the top level (root) help node, the .hcom file includes the line "rm rm", indicating that if the user

19Emacs can't easily do random access to a file, and can hence extract pieces of a file only relatively slowly. Using

independent files allowed each window's contents to be pre-written into a single file, so that a simple read-file operation was
all that was ever needed, llence the database had thousands of files.
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types "rm" tile parse can proceed to the hell) node "rm". Other syntactic link mechanisms include

"@_file",which is matched (and hence the parse proceeds) if tile user types any existing file name,

"@filewrite", which matches any potentM (writable or existing) file name, "(/!!directory", which

matches any directory name, and "([_!user", which matches any user name. An early version of

ACRONYM included a generalized regular expression parser for syntactic links, but this proved

almost completely useless and was disabled in order to increase performance. It was repl_ced with

"@opt", which matches anything starting with a hyphen ("-" starts most UNIX options), and

"@]any", which matches any single word, and is used as an escape mechanism in those few cases

where the full regular expression parsing would have been genuinely useful. (Such a mechanism

would probably be more useful for parsing help requests in a less rigid command language, but most

UNIX commands are easily and quickly described using the simpler mechanisms.) All syntactic links

are assumed to also be semantic links unless the name of the node being linked to is preceded with an

"@" sign. In such a case, the link is purely syntactic, and no listing will appear in the relevant menu.

A documentation designer modifying the ACRONYM database therefore has to modify only the

"'.help" files and the ".boom" files. Modifying the .help files is simply a matter of editing text, which

is of course what documentation.designers are paid for. Modifying the .hcom. files is clumsier; in a

system designed for real-world use, it would probably be worthwhile to in'vest some effort in the

creation of better support tools to replace the cumbersome language used in ACRONYM. In

particular, a useful tool would utilize a graphical display to create a map of the database, allowing the

database designer to create links by drawing arrows and to specify their syntactic and semantic

content by annotating the arrows.

When it runs, however, ACRONYM does not read the entire database in the format thus

desclibed; this takes too long. Rather, it reads in a compiled description of the database. Hence, a

compiler must be run each time the database is changed. This compiler reads in all of the .hcom files,

constructs an intermediate data representation, and stores this in a file that is actually read by

ACRONYM. The compiler also, after reading in all of file .hcom files, creates for each node a

".hmen" file. 1'his is the menu file that is inserted in the ACRONYM window. (ACRONYM does,

however, add menu items to these files on certain occasions -- the .hmen files are simply the basic

menus for each node.) Thus ACRONYM when running finds both its help texts and its menus in

prewritten files, and needs only to use the compiled database to figure out which files to use. "l]aisis

the primary reason why ACRONYM actually runs faster than the UNIX man command, which is a

much less sophisticated help system but has to mn everything through the nroff text processor before

printing it on the screen. (This is obviously a rather worthless comparison: almost anything is faster




