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ABSTRACT

Using the GOMS model (Card, Moran, and Newel!, 1983), a help system was developed
which was complete and well structured. The content of this help system was determined from

the goals, operators, methods, and selection rules, needed to perform HyperCard™™ authoring
tasks. The index to these help methods, which was an integrated part of the system, was
determined from the hierarchical goal tree provided by the GOMS analysis. To determine the
effectiveness of using GOMS as a design aid for help systems, the GOMS help system was
compared to a state-of-the-art help interface developed by Apple® Computer which was
modified slightly for experimental purposes (Original help system). Two groups of 14 users,
assigned to one of the two help systems, retrieved help information for 56 tasks separated into
4 sessions. The results indicated that the GOMS users were significantly faster than the
Original users with the iargest speed difference occurring in the first session. Moreover, user
performance with GOMS help was relatively stable, while users of the Original help improved
significantly over the sessions. Interestingly, users subjectively rated the GOMS heip system
higher than the Original help system. The experiment suggests that the GOMS users were
provided an explicit structure in the help system which allowed them to easily find help
information. This was quite unlike the Original users who had to learn where help information
was located. Overall, the resuits from this information retrieval study indicate that a GOMS
model can aid in the development of help systems which are easy to use, easy to learn, and well
liked.
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Using GOMS for Help 1

INTRODUCTION

Do help systems actually help the user? If the goal of an online help system is to assist
the user in accomplishing their computer-based tasks, the answer at this time is uncertain
(Shneiderman, 1986). In reviewing online help research Shneiderman found that online help
may be inferior to hard-copy manuais (Cohill and Williges, 1985; Dunsmore, 1980; Relles.
1979). However, in some of these studies ‘here are data which suggest that online rie'p i3
superior to no help (Cohill and Williges, 1985: Relles, 1379) and that online help can be
imprcved (Borenstein, 1985; Magers, 1983). Yet, as indicated by Elkerton (1988) the
specific aspects whizh improve the effectiveness of online help are relatively unknown.

This is disappointing. After all, online nelp is a safety net for .sers who may be having
problems accomplishing their computer-based task. To build a better safety net there are three
broad areas of knowledge which must be understood. Two areas are the content and presentation
of help (see Wright, 1988), while the third is concerned with help access mechanisms (see
Borenstein, 1985). Of the three, knowledge about help content is relatively undeveloped
whereas research on help presentation and access is more widely available (see Elkenton,

1988; Houghton, 1984; Kearsley, 1988; Shneiderman, 1986). This may explain the
equivocal research results when it is realized that help content must be addressed before
decisions on help presentation and access can be made. For example, the research by
Borenstein (1985) focused on help access methods, but revealed that differences in the quality
of the help text may account for much of the improvement in the usability of the help interfaces.

Thus, this research focuses on how the content of an effective online help system can be
specified based on theoretical models of human cognition. The model proposed for specifying the
content of an online help system is the GOMS mode! (Card, Moran, and Newell, 1983) of
human-computer interaction. Using this model, users can be provided information on Goals or
meaningful tasks that can be accomplished, step-by-step Methods for accomplishing these
goals, Operators or actions required of users, and if multiple interface methods exist,

Selection rules, for choosing a specific method. The GOMS model provides the user with the
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procedural knowledge required for operating the interface. This procedural knowledge is to be
contrasted with the typical help information which consists of command lists containing the
syntactic details for command use. This information is at the level of operators since users are
provided the low-level details for interacting with the interface. Although operator-level
knowledge may be useful for more experienced users, research suggests that novice users need
to know what methods or procedures are necessary and available to accomplish their tasks
(Elkerton. 1988; Wright, 988).

Another reason for selecting GOMS as the mode! for help system content is that it is a
widely documented model for human-computer interface design. Thus, this model could be used
to develop a help system during the initial design stages rather than after the interface is
developed. Using the same GOMS model to design the interface and the help documentation could
result in a substantial reduction in development time and effort. Designers familiar with
writing GOMS models for interface design could use these models to construct the help system
which then could be evaluated with the initial prototype interface. This use of GOMS models is
quite different from other efforts which have used GOMS to predict the time to use and learn
interfaces (see Kieras, 1988). Instead, the emphasis here is on the qualitative content of the
mode! rather than its quantitative predictions.

Using a help system consists of at least two components: retrieving appropriate help
methods and then executing these methods in an interface task. This paper only presents the
results from an information retrieval investigation. Our hypotheses were that users of a help
system developed using GOMS would be faster and more accurate in finding appropriate help
information. We suspected that structuring the help system using GOMS would explicitly cue
users where appropriate help information was located. Specifically, the hierarchical goal
structure of a GOMS model would serve as a direct indexing mechanism to detailed interface
methods. We also thought that developing a help system using a GOMS model would lead to a more
complete description of interface methods and thereby improve the accuracy of users retrieving

help information. Providing this explicit, task-oriented structure and a complete description
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of the interface methods also has been suggested by Duffy, Mehlenbacher, and Paimer (in press)
as a procedure for designing and evaluating online help systems.

To test our hypotheses we chose authoring tasks from HyperCard™ on the Apple®
Macintosh M computer as our learning environment. Choosing HyperCard allowed us to develop
the experimental task environment quickly. More importantly, HyperCard is distributed with
an online help stack (hereafter called the “Original" help stack) which we used as a state-of-
the-art comparison system. This help stack is implemented in hypertext, emphasizes both
procedural (how-to-use-it) and conceptual {(how-it-works) knowledge, uses both textual and
pictorial presentations, and uses a variety of help access techniques. Thus, the Original help
stack has many features which may be beneficial to help system usability. Comparisons
between it and a help stack created using GOMS (hereafter called the GOMS help stack) would

indicate how important an explicit, procedural model is to help system usability.

METHOD

Participants

Thirty-four staff and students at the University of Michigan volunteered and received
nominal payment for participating in this study. Of the 34 people, the data of 3 were excluded
because of software failures, the data of 2 were removed because of time constraints, and 1
participant was excluded due to a failure to pass a criterion test on the HyperCard application.
The remaining 14 males and 14 females were assigned equally to each experimental group so
that the two groups had approximately the same level of experience using the Apple Macintosh.

All participants were required to have a minimum of 4 months of experience using the
Macintosh with exposure both to a word processor (e.g.. Microsoft® Word or MacWrite ™M) and
a graphics application (e.g., MacDraw™™ or MacPaint™). However, all participants were
required to have never used HyperCard. All participants filled out a computer-based
background questionnaire (developed using HyperCard!) regarding their computing experience.

As shown Table 1, there was a wide range of experience in terms of use of the Macintosh. other
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TABLE 1

Background Computing Experience of the Participants

Experience Measure

Macintosh Experience
- Macintosh Use (Months of use)

- Frequency of Mac use

(Times per week)

- MacWrite (Months of use)
- MacWrite (Times per week)
- MS Word (Months of use)
- MS Word (Times per week)

- MacPaint (Months of use)

- MacPaint (Times per week)

- MacDraw (Months of use)

- MacDraw (Times per week)

- CricketGraph (Months of use)

- CricketGraph (Times per week)

Computer Classes
~umber of clisses where computer applicaticns
were learned
Number of Programming Languages and
non-Macintosh Machine Used
- machines (8 given)
- languages (10 given)

How much programming have you done
on the Mac? (1=never to S5=experienced)

Programming Experience
(subjective rating assigned by the participant;
1 = beginner, S5 = expert)
Have you ever used the Toolkit on the Mac?
Do you know what an authoring language is?

Do you know any authoring languages?

Have you ever used any HyperText or
Hypermedia systems?

Use of Computer
- home
school/work

Percentage

yes
no
yes
ne
yes
no
yes
no

12-24

<4

<1

<1

<1

<4-8

<1

1%
89%

11%
89%
11%
89%
4%

96%
4%

96%
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computers, and a wide variety of computer languages. We thought this general experience with
computers. specifically the Macintosh. and the lack of experience with HyperCard was

representative of many new users of HyperCard. Moreover, it gave us an opportunity to study
the use of a heip system by a group of experienced Macintosh users who wanted to know how 1o

use a new apgplication.

Equipment and Software

The experiment was conducted on an Apple Macintosh Il computer with an 11-inch
monochrome display. The Macintosh was equipped with 1-megabyte of memory and was running
HyperCard. The experimental software was written in HyperTalkT™ and included software to
log responses from users at a resolution of 10 responses/s. Although a keyboard was available
during the experiment, participants rarely used it and primarily used the mouse !0 point and

click on buttons.

HyperCard Help Stacks

GOMS help stack. To test whether a GOMS model provides better procedural
structure and material for a help system required us to focus on whether the content made a
difference rather than the presentation or access mechanisms for the help. Theieicre. the
presentation for the GOMS help stack was limited strictly to written text. In terms of access
mechanisms, we used the same methods in the GOMS help stack as in the Original help stack.
Consequently, we limited ourselves to the use of index tabs, arrow buttons, square buttons. and
invisible word buttons marked with asterisks. Figure 1 shows these buttons and gives a brief
explanation of their use. Examples of the help stacks in the following sections will present
instances in which the access mechanisms were used.

The design cf the GOMS help stack closely followed a GOMS analysis of the HyperCard
authoring task. A full GOMS analysis revealed that 128 methods were required for the
HyperCard authoring task and resulted in a GOMS help stack of 175 cards. Due to the size of this

analysis, a full presentation of the GOMS model or the help stack cannot be made.  For this




Using GOMS for Help 6

paper. a portion ot the analysis and pieces of the GOMS help stack will be presented to give the

reader an understanding of the hep stack.
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Figure 1. Button access mechanisms used in the help stacks.

As an example, consider the task of deleting a field. In the experiment, this task was
phrased: "Get rid of a selected field.” The relevant GOMS methods needed to execute this task
appear in Table 2. The specific notation used in this description is "Natural GOMS Language”
(NGOMSL) and was developed by Kieras (1988). NGOMSL was used because there is almost a
direct transiation to procedural directions once a method is described in this language. In fact.
comparison of the NGOMSL for deleting a field in Table 2 with the procedural directions for that
task in Figure 2 illustrates the close resemblance between the two descriptions.

As shown in Figure 2, upon entering the GOMS help stack users would see Card 1 which
contains a list of the possible actions on index tab buttons. Users could then click on an index
tab. such as "Delete,” to get more information on the specific goals that can he accomplished.
Going to Card 2 shown in Figure 2, actions and objects are combined to indicate that there are
interface methods for deleting stacks, backgrounds, cards, buttons, fields, text in fields. and
text in pictures. Users can then click on the appropriate square button, in this case "Fields,” 1o

go to another card with the detailed method.

|
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TABLE 2

NGOMSL Methods Used to Delete a Field

Method to accomplish the goal of deleting the field
Step 1: Decide: If necessary, Then accomplish the goal of selecting the field
Step 2: Accomplish the goal of using a specific field delete method
Step 3: Report goal accomplished

Method to accomplish goal of selecting the field
Step 1: Decide: If necessary, Ther use the Browse tool to go to the card with the tieid
Step 2: Choose the Field tool in the Tools menu
Step 3: Note that the fields on the card and background are displayed
Step 4: Click on the field to be selected
Step 5: Report goal accomplished
Selection ruie set for goal of using a specific field delete method
If you may want to paste the field somewhere else,
Then Choose "Cut Field" from the Edit menu
If you want to permanently delete the field,
Then Choose "Clear Field" from the Edit menu

(Alternative operator: Press delete on the keyboard)
Report goal accomplished

Up to now, the only part of the NGOMSL model that has been discussed is an action-object
table which maps HyperCard actions and objects to goals that can be accomplished. However.
once users proceed to the detailed methods each statement in the NGOMSL description has a
specific translation into the help directions. For example, in the NGOMSL description in Table 2
and on Card 3 in Figure 2, the first step of the field deletion method consists of deciding if the
field needs to be selected and if necessary accomplishing that goal. The "Decide" operator in the
NGOMSL model is used to pose a simple question to users. It is a judgement call on the part of
the analyst (see Kieras, 1988) if users can determine whether a field is selected or not. The
justification for this judgement call is that a selected field is readily apparent to users since it

is outlined with a moving dashed line.
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Figure 2.  GOMS help cards needed for determining how 1w Jdelete a field.

Goals are indicated in the method-level directions by words marked with asterisks. |f
users do not know how to select a field, then this button can be clicked to retrieve the detailed
method. This seleciion 15 shown on the third card in Figure 2. In this way, users can retrieve
as much proc= .= information as they need and exploit the adjustable level of detail that IS
inherent in the NGC**SL model.

As s cwnir :able 2 and on Card 3 in Figure 2, the next step indicates that users must
make a decision on which deletion method should be executed. In encoding this setection rule, the
analyst had to determine what task features are useful in deciding which method is most

effective. Although specifying this information may seem arbitrary, leaving the decision up to
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a novice user may be dangerous. In this case, a novice could accidently delete a field and never
be able to retrieve it without knowing that "Clear" permanently deletes the fiela.

Another characteristic of the NGOMSL analysis, which is reflected in the help directions.
1S a judgement call on which operations users have knowledge about and need no further
description (these are called high-level operators in NGOMSL). For example, in this NGOMSL
analysis it was decided that users knew what the Browse tool was and could use it to go to other
cards {see the field selection method in Table 2 and on Card 4 in Figure 2). In this experiment.
moving with the Browse tool is a relatively rudimentary skill in HyperCard which users should
know before entering the help stack since they were taught this in training. Therefore, there is
no need for further analysis or to specify directions on browsing. |f users required this
information. the analysis and directions could be easily adapted by turning the high-level
operator into a goal.

Two final characteristics of the use of NGOMSL for procedural directions need to be
mentioned. First, a high-level operator was used to direct users' attention to the HyperCard
display as shown in the third step of the field selection method in Table 2 (see also Card 4 in
Figure 2). In this step, users would have to scan the display for the field that they wanted to
delete. A judgement call was made not to analyze this operator further since there is sufficient
information for users to follow and understand. The second feature of the NGOMSL model and the
procedural directions is that users are told explicitly when they are finished executing a method
(see the last steps of the methods in Table 2 and on Cards 3 and 4 in Figure 2). In this way,
users can be sure that they do not need to perform any further actions and can proceed to

accomplish other goais.

Original help stack. The Original help stack was modified for the experiment.
Notably, material on HyperTalk was eliminated from this stack since the tasks would not
require use of this programming language. {n addition, an "Introduction” to HyperCard was

eliminated from the Original help stack since it could trap users. In total, these modifications
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reduced the Original help stack from 437 to 233 cards. Eliminating this material was believed
to result in a fairer comparison with the GOMS help stack (and perhaps a more conservative
one) since information not relevant to the authoring task was removed without unduly altering
the structure of the Original help stack.

Differences between the GOMS and Original help stack can be seen by looking at the heip
cards a user might access when trying to find information on deleting a field. Six cards
containing help informaticr about how to delete a field are shown in Figure 3. Upon entering the
Original heip stack the user would see Card 1 that has a set of help topics listed on the index
tabs. Perusal of these topics, however, reveals that they are not as action-oriented as the
GOMS help stack. There are actions such as "Browse," “Paint,” and "Copy,” but the rest of the
topics are general reference sections.

To retrieve information for deleting a field in the Original help stack, users would have
to guess that the Reference section contains the relevant interface methods. They would then
have to deduce that the topic "Creating/modifying fields,” seen on Card 2 in Figure 3, has
information on deleting fields. Clicking on this square button would take users to Card 3 which
does not offer any information on deleting fields. However, if users were to click on the right
arrow at the bottom of Card 3 they would see that Card 4 has an incomplete method for deleting a
field. This method is incomplete since it fails to tell users how to select the field. To determine
how to select a field, users would have to access Card A in Figure 3 which is contained in a
different section (or one of several other cards with information on selecting a field).

The other way users could access the information contained on Card 4 in Figure 3 is to
retrieve it through the index. This involves clicking on the "index" topic tab and then moving
through 8 cards until the topic “Field; delete, deleting” was found (see Card B in Figure 3).
Clicking on this topic would then bring users to Card 4 directly.

This pattern of the help stack being organized differently, containing incompiete help

methods, and having information spread over several cards throughout the stack held true for
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many tasks. It was suspected that u- *rs would have to navigate through several cards, perhaps

not finding all of the information required for the task on any single card.

HyperCard Authoring Tasks

HyperCard authoring tasks involve manipulating (i.e., creating, copying, deleting,
modifying, moving, selecting, specifying, and checking) objects (i.e., stacks hackgrounds.
cards. buttons. fields, text in fields, and text in pictures). The 56 authoring tasks that users
had to find in the help stacks are shown in Appendix A. The tasks were worded to avoid giving
users any direct cues on where the help information was located in either help stack. in

addition, the authoring tasks were chosen from an action-object analysis shown in Table 3. The

TABLE 3

Action-Object Analysis of the Authoring Tasks

Text in Text in

Actions  Stack Background Card Button Field Fields  Pictures
Check 0" 1 1 1 1 1
Create 1 1 1 1 1 1 1
Copy 1 1 1 1 2 i 1
Delete 1 no 1 2 1 1 2
Modity

Move nh nh 1 2 2 1 1
Select 1 1 nh 1 1 1 2
Specity 1 1 1 4 3 1 1

" The numbers in each cell

nh - Indicates that the task is not possible in HyperCard.

signify the number of tasks used in the experiment.

no - Indicates that the task is not documented in the original help stack.




Using GOMS for Help 13

goal of this analysis was to assure that a comprehensive set of authoring tasks was chosen for
the experiment. As shown in Table 3, all actions were systematically sampled with the
exception of modify. Moditying objects was not included since it combines other simpler tasks
that were already sampled. Finally, one task, checking a field, was not chosen because interface
methods were very similar to other tasks (i.e., checking a background, card, or button).

The multiple tasks in some of the cells of Table 3 allowed us to manipulate another
characteristic of the authoring tasks. Specifically, the tasks were developed to require use of:
{(a) completely unique methods, (b) methods that share cards from previous tasks, (c) methods
with a procedural structure similar to methods seen in previous authoring tasks, and (d)
methods that are contained on exactly the same cards as previous authoring tasks. Examples of
these four types of authoring tasks are shown in Table 4. The reader is referred to Appendix A

for details on the specific relationships between tasks.

TABLE 4

Examples of the Four Types of Authoring Tasks

Task 10: Pick a button
Task 19: Relocate a selected button from one card to another card

ich rds with Other Task

Task 4: Pick a stack
Task 15: Duplicate a selected background and put it into another stack

T i imilar Pr r r re_with r Task

Task 28: Duplicate a selected field and place it on the same card by using the option key
Task 42: Duplicate a selected button and place it on the same card by using the option key

D. Tasks Which Access the Same Cards as Qther Tasks

Task 27: Get rid of a selected button
Task 55: Get rid of a selected button, but save a temporary duplicate of it
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Unique tasks were defined as two tasks which share no help cards and have a unique
procedural structure. Therefore, although Task 10 and Task 19 in Table 4 share a common
object (buttons), they do not share cards since Task 19 indicates that the button is already
selected. In terms of procedural structure the tasks are clearly different. Picking (selecting)
a button requires users to click on it using the button tool. Whereas, relocating a selected
button requires users to cut and paste it using menu commands.

Tasks which share cards with other tasks have a common card or cards which may be
accessed when looking for help information. These tasks, however, do not have a similar
procedural structure. This is particularly clear for the relationship between Tasks 4 and 15 in
Table 4. Picking (selecting) a stack is part of the method for putting a background in another
stack. Still, the tasks are fundamentally different in structure. Task 4 involves having users
either click on a stack button or opening a stack with a menu command, while Task 15 involves
having users cut and paste cards.

Tasks which have a similar procedural structure with other tasks are those tasks in
which only the object of the interface method was changed. However, these tasks do not share
any cards. For example, for Tasks 28 and 42 users would have to execute the same procedural
steps with the exception that they would be duplicating a button or a field, respectively. This
method similarity is pervasive in the GOMS help stacks due to the procedural consistency of the
Apple Macintosh and HyperCard.

Finally, some tasks would access exactly the same cards as some other previous tasks.
Therefore, GOMS users would have previously seen the help cards for Task 55 after having
retrieving help information on how to get rid of a selected button (Task 27). We included these
tasks to see if users could remember where help information was located.

The prediction was that the GOMS help stack would lead to faster and more accurate
retrieval of the help methods which share or have similar help information (Task B, C,and D in
Table 4). The GOMS help stack should be more memorable due to its strong relationship to the

HyperCard tasks. This consistency with the iasks may have provided users a method to predict
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where the appropriate help information was located. In contrast, since help information was

not structured in this way in the Original help stack these effects would not be as pronounced.

Procedure

The experiment was conducted in two phases. The first phase was used for collecting
background data, training users on Hyps “ard, and training them on experimental procedures.
In total, this background and training phase lasted approximately 30 minutes. In the second
phase of the experiment users looked for information on the 56 authoring tasks. This phase of

the experiment lasted approximately 30 to 120 minutes.

Background and training. A paper and pencil background form was used to coilect
data on gender, age, field of study. year ir school, and educational degrees. In addition, all
users were asked how much overall experience they had using the Apple Macintosh (in months)
and how frequently they used it during the week. Next, a background questionnaire was used to
collect the data that appears in Table 1 of this report. This HyperCard questionnaire was useful
for collecting this data quickly and automatically, and also familiarized users with moving
through a stack by clicking on buttons.

Next, all users were given a short tutorial on how HyperCard works. This tutorial was
also presented using HyperCard. The tutorial required users to browse through a set of cards
and read about HyperCard concepts such as what are common HyperCard objects, what is the
"home stack”, how does one save in HyperCard, and what are the tools of HyperCard. This
tutorial actively engaged users and often required them to practice what they just learned.

After users finished the tutorial on HyperCard concepts, they were given two tests: a
true-false test on the concepts and a hands-on test on browsing skills. The true-false test on
HyperCard concepts was presented using HyperCard and required users to answer ali the
guestions on the test. If they had an incorrect answer on any of these items, they were informed
and given additional information to read. After reviewing this material users were asked to

correct their answers. This occurred repeatedly until all the answers were correct.  Users
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were monitored on how many times they needed to answer the questions. If users were incorrect
7 or more times. they were immediately excused from the experiment for failing to understand
basic HyperCard concepts. Only one user was excused from the experiment for this reason.

Following the concepts test, users were asked to demonstrate their browsing skills. I
users did not know how to perform a skill or did so incorrectly, the experimenter showed them
how to do it correctly. Users were excused from the experiment if they failed to perform 3 or
more of these browsing skills correctly. For this test, all users passed and were deemed capable
of browsing through HyperCard stacks.

The final set of training tasks involved finding help information in 2 small HyperCard
stack. Users were given three trials in which to find information. This practice gave users
hands-on practice with the experimental procedures. Users were shown how to start a trial,
indicate when they found the correct help information, how to end a trial, and how to use all the
access mechanisms shown in Figure 1.  Before starting the practice trials, all users were
instructed to find all the essential information needed for executing each of the tasks and to do so

as quickly and as accurately as possible.

Experimental trials. During the experimental trials users were instructed to
locate help information for the 56 authoring tasks which were divided into 4 sets of 14 trials.
The specific tasks assigned to each of the 4 sessions are given in Appendix A. This assignment
was used to make sure that users had retrieved heip information on simple tasks (e.g., selecting
objects) before retrieving help information on more complex procedures. Within each session
the task order was counterbalanced with a balanced Latin square.

To start a trial, users clicked on a button and then were presented a HyperCard display
similar to Card 1 in Figures 2 and 3. Users were instructed to first fook at the top of the
display and to read the task fully before beginning their search. This task description was
displayed during the entire trial. After understanding the task, users were to browse through

the help stack looking for information which was essential for executing it. When users found
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relevant information on a card, they were to "mark” the card by clicking on the check box in the
top. right-hand corner of the display. Users were allowed to mark as many cards as they liked
(but at least one card) and were also allowed to "unmark" cards.

When users felt they had found all the essential information, they simply clicked on the
"Exit" index tab. Feedback was given as to whether they had found all the help information. This
feedback was provided at one ot three levels: (1) "Good! You found all the help information!!! "
12} "OKi You ivund some of the nelp information,” and (3) "You did not find any of the help
information.” Feedback at level 1 was provided when users found ail the possible infcrmation
for that task in the specific help stack. This feedback was found to be essential for motivating
users to perform the retrieval task accurately.

After completing each trial, users were presented a button to start the next trial. A
break was given at the end of everv session (14 trials). On all trials, a variety of data was
automaticatly collected on how much time and which cards were marked. At the completion of all
four sessions users were asked to fill out a subjective questionnaire, presented using
HyperCard, on how they felt about the help stack and HyperCard in general. This HyperCard
questionnaire appears in Appendix B. In addition, users also filled out an open-ended

questionnaire about the experiment.

RESULTS

Retrieval Time and Effort

Help by session analyses. One indication of how much effort was required to find
information is the number of cards browsed. A two-way analysis of variance (ANOVA) on the
type of help stack (GOMS vs. Original) and the retrieval session (1 - 4) for the number of
cards browsed revealed significant main effects for the type of help stack (F {1,26] = 7.89, p <
0.01) and retrieval session (F [3,78] = 17.46, p < 0.0001). In addition, a significant Help
Stack by Retrieval Session interaction was found (F [3,78] = 28.80, p < 0.0001). As shown in

Figure 4, there was a large difference between the help groups for the number of cards browsed
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during the first retrieval session which diminished over subsequent sessions. Post hoc
Newman-Keuls procedures (o = 0.05) indicated that there were significant differences beiween
groups for every retrieval session except Session 4. Moreover, there were no differences
between retrieval sessions for the GOMS help stack. while there were differences between the
first session and the rest of the other sessions for the Original help stack. These results suggest
that there were overall differences in the amount of materiai woked ar petween the two help
groups (GOMS: 9.0 cards vs. Original: 12.7 cards) which was mediated by the retrieval session.
Users of the GOMS stack looked at a constant amount of help information over the 4 retrieval
sessions, whereas users of the Original stack decreased the amount of help information they

prowsed during the experiment.

—— GOMS
——&— Original

Number of Browsed Cards

0 T T 1
1 2 3 4

Retrieval Session

Figure 4.  Mean number of browsed cards for the help stacks across retrieval sessions.

Not surprisingly, similar resuits were found for retrieval time. A two-way ANOVA on
retrieval time revealed significant main effects for the type of help stack (F[1,26] = 8.41, p <

0.01) and retrieval session (F [3,78] = 62.67, p < 0.0001; with a significant Help Stack by
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Retrieval Session interaction (F [3.78] = 39.70, p < 0.0001). As iliustrated in Figure 5. the
overall time difference between groups (GOMS: 69.1 s vs. Original: 89.9 s) was manifested
fargely in the first session. In this first session. users of the Original help stack required more
than twice the amount of time to find help information. Post hoc Newman-Keuls procedures («
= 0.05) confirmed that there were significant differences between the help groups in Session 1
with no other significant differences between groups in the other sessions. In addition. there
were few significant differences across retrieval sessions for GOMS users and a large

significant difference between Session 1 and the rest of the other sessions for Original users.
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Figure 5.  Mean retrieval time for the help stacks across retrieval sessions.

The number of cards browsed and retrieval time can be combined to form a measure of
the number of cards browsed per minute to see how fast users looked through the cards. A two-
way ANOVA on the number of cards browsed per minute revealed a marginally significant main
effect for the type of help stack (F {1,26] = 3.27, p < 0.1), a highly signiticant effect for

retrieval session (F [3,78] = 81.51, p < 0.0001), and a highly significant Help Stack by
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Retrieval Session interaction (F [3,78] = 10.03. p < 0.0001). As shown in Figure 6. the two
groups of users started out at approximately the same browsing rate. Then, each group
increased its browsing rate in subsequent retrieval sessions. These increases in browsing rates
were found to be significant using post hoc Newman-Keuls procedures (a = 0.05) except
between Sesstons 2 and 3 for the GOMS users. In addition, there were significant differences in
browsing rates between GOMS and Original users for every retrieval session except Session 1.

This indicates that the Original users increased their browsing rate to a greater extent than the

GOMS users.
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Figure 6.  Mean rate of browsing cards for the help stacks across retrieval sessions.

To investigate the effort of finding the first piece of correct help information, the
browsing time for users before they marked the first correct help card was analyzed. Only
trials in which a correct card was marked were included in this analysis. An ANOVA on the time
to mark the first correct card revealed significant main effects for the type of help stack (F

[1.26] = 22.01, p < 0.0001) and retrieval session (F [3,78] = 32.08. p < 0.0001). Once

|
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again. a significant interaction between type of heip stack and retrieval session w1is observed |F
[3.78] = 35.08. p < 0.0001). The data in Figure 7 show that QOriginal users during the first
session needed almost three times the amount of time to find and mark the first correct card
than GOMS users. Post hoc Newman-Keuls procedures (a = 0.05) revealed that this was the
only significant difference between help groups at each retrieval session. Moreover, the
comparisons of means found that there were no differences between retrieval sessions for the
GOMS users, while there was a significant difference between Session 1 and the rest of the other
sessions for the Original help group. This result is important since users of the Original help
stack could be tremendously frustrated spending close to 2 minutes before finding some relevant

help information.
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Figure 7.  Mean time to find the first piece of correct help information for the help stacks
across retrieval sessions.

Where were the users of the Original help stack spending this additional time in the first

retrieval session? Were users wandering aimlessly through the help stack or were they trying
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to decide if the help information was appropriate to the task? These questions can be partiaily
addressed by looking at the type of help cards people accessed ard how much time they spent on
these cards. A way to classify help cards was whether they were navigational or informational.
Navigational cards directed users to the content of the help methods. Examples of navigational
cards for the GOMS help stack include Cards 1 and 2 in Figure 2 and for the Original help stack
include Cards 1. 2. and B in Figure 3. In contrast, informational cards provided users detailed
methods for executing authoring tasks. Examples of informational cards for the GOMS help stack
include Cards 3 and 4 in Figure 2 and for the Original help stack include Cards 3. 4. and A in
Figure 3.

An ANOVA on the number of navigational cards accessed during a trial revealed
significant main effects for the type of help stack (F [1,26] = 15.60, p < 0.0005) and
retrieval session (F [3,78] = 21.51, p < 0.0001) with the familiar interaction between type
of help stack and retrieval session (F [3,78] = 14.58, p < 0.0001). The data for the
interaction are shown in Figure 8. Post hoc Newman-Keuls procedures . = 0.05) found that
there was a larger number of navigational cards accessed by the Original users in the first
retrieval session when compared to the rest of the other sessions. In addition, there were
significant differences between help groups in each retrieval session and no significant
differences between sessions for the GOMS users. These results imply that users of the Original
help stack accessed a larger number of navigational cards throughout the experiment (Original:
6.6 cards vs. GOMS: 3.5 cards) while also needing to access a large number of these cards during
tne first retrieval session.

In terms of time on the navigational cards a similar result was found aithough the
difference between the help groups over the retrieval sessions was not as consistent. An ANOVA
found significant main effects for the type of help stack (F [1,.26] = 40.13 , p < 0.0001) and
retrieval session (F (3,78] = 100.42, p < 0.0001) with an interaction between type of help
stack and retrieval session (F [3,78] = 50.47, p < 0.0001). The data for the interaction are

shown in Figure 9, and illustrate that the largest significant difference was between the
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Figure 8. Mean number of navigational cards accessed in the help stacks across retrieval
sessions.

Original users in Session 1 and the rest of the experimental conditions (Newman-Keuls, a =
0.05). These results indicate that users were taking more time to navigate through the Criginal
help stack than the GOMS help stack during Session 1. Taking into consideration the total
number of navigational cards browsed, Original users in subsequent retrieval sessions were

going through the additional navigational cards faster than the rate at which GOMS users went

through their navigational cards (see Figures 8 and 9).

For informational cards, very similar resuits were obtained for the number of cards
accessed and the time spent on these cards. For this reason, only the data on time spent on
informational cards will be reported. An ANOVA on this dependent variable found a significant
main effect for retrieval session (F [3,78} = 30.31, p < 0.0001) and the interaction between
type of help stack and retrieval session (F [3,78] = 20.87, p < 0.0001), but no significant
main eftect dus to type cf help stack (F [1,26] = 1.00, p > 0.3). The data for the interaction

are shown in Figure 10. As illustrated the data are very similar to previous interactions with
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Figure 9. Mean time on navigational cards in the help stacks across retrieval sessions.

the major statistical difference residing between the first retrieval session of the Criginal help
stack and the other experimental conditions (Newman-Keuls, a = 0.05). Thus, users of the
Original help stack accessed more informational cards and spent more time on them during the
first retrieval session. However, the lack of any main effect for the type of help stack suggests
that users of the two help stacks were accessing approximately the same number of
informational cards and spending about the same amount of time on them overall.

Most of the analyses have shown that the difference between the help stacks was
manifested largely in the first session. One hypothesis for these results may be that during the
first session users of the QOriginal help stack had to become familiar with the structure of the
help stack and had to learn where help was located. Since the same group of authoring tasks was
presented to all users during the first session, the results also may be due to the particular

authoring tasks presented during the first session. However, a task-order explanation is less
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plausible if one looks at the data which reflects the number of times users revisit help cards

through the course of the experiment.
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Figure 10. Mean time on informational cards in the help stacks across retrieval sessions.

The number of times users revisited cards that were accessed on previous trials was
analyzed with an ANOVA and revealed significant main effects for the type of help stack (F
[1.26] = 22.18, p < 0.0001) and retrieval session (F [3,78] = 19.81, p < 0.0001). In
addition, a significant Help Stack by Retrieval Session interaction (F [3,78] = 9.86, p <
0.0001) was found. Beyond the slight and expected increase in the number of cards revisited
shown in Figure 11, the results of post hoc Newman-Keuis procedures (o = 0.05) revealed
that users of the Original help stack were revisiting help cards more frequently during all
sessions. Therefore, with this more frequent revisiting one would suspect that users of the
Original help stack would learn where information was located. In fact, based on the high-level
of revisiting users of the Original stack seemed to be going to many of the same help cards for

different authoring tasks.
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Figure 11. Mean number of cards from previous trials revisited in the help stacks across
retrieval sessions.

These results can be understood when considering the structure of the Original help
stack. Help information for different actions or objects were often placed on the same card.
Examples of this can be seen on Cards 4 and A in Figure 3. Card 4 illustrates that several
actions (i.e., move, size, copy, and delete) on fields were explained on a single card. Similarly,
Card A in Figure 3 shows that selecting different objects (i.e., pictures, text, fields, or buttons)
was explained on a single card. This is in strong contrast with the structure of the GOMS help
stack where individual methods for each goal, consisting of an action and an object, were
presented on separate cards. Thus, GOMS users may access some of the same navigational cards
during a trial, but eventually would access different informational cards for the different
authoring tasks. This different structure could have led to the difference in the number of cards

revisited between the two help stacks.
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Help by object analysis. Another analysis which sheds light on the differences
between help stacks was an analysis of retrieval time for authoring tasks on different
HyperCard objects. The reason there may be differences in retrieval performance for objects is
that the GOMS stack was constructed using an explicit analysis of the objects and actions (i.e.,
the goal structure) for the HyperCard authoring task.

A two-way ANOVA on retrieval time revealed significant main effects for the type of help
stack {F [1.26] = 10.50. p < 0.005) and type of object (F [6,156] = 21.8, p < 0.0001). In
addition, a significant Help Stack by Object interaction was found (F [6,156] = 4.07, p <
0.0001). As can be seen in Table 5, retrieval times were consistently longer for the Original
help stack. However. there were some authoring tasks which required significantly more time
to find the help information. These authoring tasks involved stacks, cards, and backgrounds and
required from 49% to 83% more time to find help information in the Original help stack.

This result is surprising since stacks, backgrounds, and cards are the basic building blocks of

HyperCard.

TABLE 5

Retrieval Time for the Different Objects in the Authoring Tasks in Each Help Stack

Qbiect QS Qriginal Difference  Difference?”
Stack 88.4s 131.6s 49 % yes
Card 46.1 84.2 83 yes
Background 86.4 130.7 51 yes
Button 62.2 72.3 16 no
Field 70.8 76.8 8 no
Text in Field 61.1 73.0 19 no
Text in Picture 73.3 89.7 22 no

*Based on post hoc Newman-Keuls procedures (a = 0.05).

Help by action ai.alysis. A similar type of analysis was conducted for authoring

tasks which included different actions. This analysis would indicate the difficulty of finding
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help information for different actions in the authoring tasks for the two help stacks. A two-way
ANOVA on retrieval time revealed significant main effects for the type of help stack (F [1,26] =
10.24. p < 0.005) and type of object (F [6,156] = 23.87, p < 0.0001). In addition, a
significant Help Stack by Object interaction was found (F [6,156] = 13.33, p < 0.0001). The
data for this interaction are shown in Table 6.

As shown in Table 6, there was only one action in which the GOMS help stack yielded

slower times when compared to the Original help stack. For the other actions it took users of

the Original help stack from 3% to 154% longer to find information on specific actions. In fact,

for the authoring tasks involving the actions of copy, move, and select there was a significant
increase in the amount of time required to find the information in the Original help stack. This
increase was also surprising since copy, move, and select are common actions used in

HyperCard authoring tasks.

TABLE 6

Retrieval Time for the Different Actions in the Authoring Tasks in Each Help Stack

Percentage Significgnt
Action [ceV <] Qriginal Difference Difference?*
Check 90.4 s 86.5s - 4% no
Copy 56.7 89.3 57 yes
Create 88.2 105.6 20 no
Delete 44 .4 52.5 18 no
Move 49.4 70.9 44 yes
Select 51.6 131.3 154 yes
Specify 92.0 94.9 3 no

‘Based on post hoc Newman-Keuls procedures (a = 0.05).

Help by task type analyses. In addition to analyzing tasks with respect to the
actions and objects that were involved, tasks were analyzed with respect to whether they share
help cards and whether they had a similar procedural structure. For reasons explained earlier,
we expected that tasks sharing cards or having similar procedural structure would lead to faster

retrieval of help information with the GOMS help stack.
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An initial analysis of the effect of task type on retrieval time for the two help stacks was
performed using a two-way ANOVA. Significant main effects were found for the type of help
stack (F [1.26] = 5.56, p < 0.05) and task type (F [3.76, = 65.34, p < 0.0001). {in addition,
a significant Help Stack by Task Type interaction (F [3,78] = 21.68, p < 0.0001) was found.
As can be seen in Table 7, the largest significant difference between task types was for unique
tasks. This large effect is consistent with the previous help by session analyses since many of
the unique tasks were presented during the first session. This suggests that tasks not sharing
cards or similar procedural structure in the GOMS help stack were much more difficult to find
in the Original help stack. However, evidence for the superiority of the GOMS help stack for

tasks sharing cards and with similar procedural structure was not found.

TABLE 7

Retrieval Time for the Different Task Types in Each Help Stack

Percentage ignifican
Task Type S Qriginal Difference Ditterence?*
Unique 73.6¢ 125.5s 71 % yes
Shared Cards 75.4 75.9 0 no
Same Cards 59.5 60.0 0 no
Similar Method 46.5 55.0 18 no

‘Based on post hoc Newman-Keuls procedures (o = 0.05).

Why was the type of task effect only partially observed? One possible explanation is
related to the previous hypothesis on how the structure of the Original help stack encouraged
users to revisit help cards. Since help information for different actions or objects were often
placed on t1e same card, this reduced the uscis' search for new help information considerably.
One would expect that this reduction in search for the Originai help stack could offset any
pertformance improvements due to the explicit structure of the GOMS help stack. Apparently,
the Original help stack had a structure which made it easy to find related help information.

However, the price paid was the initial time to find help information in the first session.  Since
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this initial analysis produced a generally uninteresting result for task type (i.e., we were not

directly interested in the structure of the Original help stack), further analyses were not

conducted.

Retrieval Accuracy

The accuracy of users retrieving the correct help information was analyzed at two
levels. At a high level, these analyses determined the number of times users received different
feedback messages (found all, some, or none of the help information) and how many cards were
marked correctly or incorrectly. At a finer level, each card in both help stacks was scecred for
how many NGOMSL steps it contained. Then a detailed analysis was conducted on how much
correct help information was retrieved.

Feedback scores. Table 8 shows the number of times users in both stacks were
presented with the three types of feedback. In this analysis, feedback indicating that the user
found all the information actually means that the user found all available information in the
help stack. This is important since the Original help stack frequently did not have a complete

method for each authoring task. As shown in Table 8, users of the GOMS and Original

TABLE 8

Feedback Frequency for the Users of the Two Help Stacks

Hel k None Emm@m All Total
QOMS 113 166 475 784
Original 157 157 470 | 784
Total 270 353 945 1568

help stacks received feedback that they found all the help informaticn at approximately the same
frequency. The major difference between the two groups was whether they retrieved some of

the help information or none of the help information. When compared to Original users, GOMS
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users had more instances in which they retrieved some of the information and fewer instances
in which they retrieved none of the information. A chi-square analysis on the counts in the
Table 8 revealed that the difference between GOMS and Original users was significantly different

(;(2[2] = 115, p < 0.01). Although not a large practical difference, this analysis does reveal

that users of the GOMS help stack found more partial help information than none at all.

Number of marked cards. The number of correct cards marked by users of both
stacks was analyzed with an ANOVA. This analysis only revealed a significant main effect for
retrieval session (F [3.78] = 34.47, p < 0.0001) with no significant effect for type cf hoip
stack (F [1.26] = 1.67, p > 0.2) or the Help Stack by Retrieval Session interaction (F [3,78]
= 1.06. p > 0.3). As shown in Figure 12, there was very littie difference between the two

groups in each of the sessiois.
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Figure 12. Mean number of correct cards marked across retrieval sessions.

A more interesting result was the number of incorrectly marked cards. An ANOVA

revealed significant main effects for the type of help stack (F [1,26] = 4.24 , p < 0.05),
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retrieval session (F [3.78] = 7.55, p < 0.0002), and the interaction between the type of help
stack and retrnieval session (F [3,78] = 11.23. p < 0.0001). As illustrated in Figure 13, post

hoc Newman-Keuls procedures (o = 0.05) found that GOMS and Original users were marking

approximately the same number of incorrect cards during the first retrieval session. However,

after the first session there was a slight decrease in the number of incorrect cards marked for
both groups followed by & .gnificant increase in the GOMS group and an insignificant increase
in the Original group. For sessions 2 through 4, GOMS users marked significantly more
incorrect cards than Original users suggesting that GOMS users might be using different

criteria for marking cards.
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Figure 13. Mean number of incorrectly marked cards across retrieval sessions.

A detailed analysis of the location of the marked incorrect cards was conducted to
determine if users were marking cards directly adjacent to and accessible from correct cards
because they were unsure of whether to include these cards. This might increase the number of

incorrect cards marked in the GOMS stack since many related help cards were linked together in
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a hierarchical fashion. For example, in Figure 2 on Card 3 there is an asterisk indicating that
more information was available on selecting fields (Card 4). Depending on how the authoring
task was worded users may need to mark Card 4 in addition to Card 3. Therefoie, if users
initially did not mark all the required cards, they would receive feedback indicating that they
had marked only some of the cards. This feedhack could bias users to mark more cards than
necessary for the authoring task. In contrast, this phenocmenon would be less likeiy to occur
with the Original help stack since cards are usually not linked in a hierarchical fashion.

An ANOVA on the number of incorrect cards which were marked incorrectly, but which
were directly adjacent to a correct card, showed significant effects for the type of help stack (F
(1.26] = 3049 . p < 0.0001) and the Help Stack by Retrieval Session interaction (F [3.78] =
46.27 . p < 0.0001). No significant main effect for retrieval session was found (F [3,78] <
1.0. p > 0.5). As iliustrated by Figure 14, the data supported the hypothesis that after the
first session GOMS users marked incorrect cards which were adjacent to correct cards more

frequently than Original users. Post hoc Newman-Keuls procedures (a = 0.05) revealed that
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Figure 14. Mean number of incorrect cards marked that were directly adjacent to a correct
card for the help stacks across retrieval sessions.
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GOMS users significantly increased thewr rate of marking these cards after the first session
while Original users significantly decreased marking these cards. In addition. these procedures
showed that there were significant differences in the number of incorrect cards marked between
GOMS and Original users for every session except the first. In fact, the difference of
approximately 0.8 to 1.0 card in Sessions 2 through 4 between the GOMS and Original users
isee Figure 12) is very close to the number of additional incorrect cards marked by GOMS
users overall. This strongly supports the hypothesis that GOMS users were encouraged by the

feedback and the linkage of the cards to mark cards directly adjacent to correct cards.

Number of NGOMSL steps. A finer level of accuracy analysis was conducted to
determine how many observable NGOMSL steps were retrieved by users for each task. This
required that the help cards for each task be scored in each stack to determine the number of
observable NGOMSL steps. Scoring the GOMS stack was straightforward since the step-by-step
directions were developed directly from the NGOMSL mode!l. All that was required was to
determine whether a step involved an observable operator. Examples of observable operators
include selecting a command, clicking on a button, or pressing a key.

Scoring the Original help stack for the number of observable steps was more
complicated. To score the Original help stack the two authors made independent judgements to
determine the number of observable NGOMSL steps described on each card. A check on the
reliability yielded a correlation coefficient of 0.89 and an agreement for ine exact score of
71.5%. Appendix C details the scoring procedures used in this analysis. Based on this
analysis, it was determined that the Original help stack had on the average 85.9% of the
observable NGOMSL steps that were contained in the GOMS help stack. This confirms the
assertion that the Original help stack was less complete than the GOMS help stack.

An ANOVA on the proportion of observable NGOMSL steps retrieved revealed significant
main effects for the type of help stack (F [1,26] = 8.07, p < 0.01) and retrieval session (F

[3.78] = 3.78. p < 0.05) with an interaction between the type of heip stack and retrieval
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session (F [3.78] = 5.09. p < 0.005). As can be seen in Figure 15, there was an overall
difference in accuracy between the two groups (GOMS: 0.68 vs. Original: 0.59). However. the
interaction shown in Figure 15 also shows that this effect was mediated by the retrieval session.
Post hoc Newman-Keuls procedures (a = 0.05) revealed that users of the GOMS help stack
retrieved significantly more NGOMSL information in Sessions 1 and 4, while differences
between groups in Sessions 2 and 3 were insignificant. Depending on the retrieval session,
users of the GOMS help stack retrieved approximately 5 to 20% more of the observable NGOMSL
steps than users of the Original help stack. This was not the large superiority in retrieval
accuracy that was predicted for GOMS help. Similar to the analysis at the feedback fevel. the
difference in accuracy is statistically reliable, but it is questionable whether it is a practical
difference. In fact. this observed difference in retrieval was approximately the same as the
14.1% average difference in the information available between the help stacks. Therefore, the

GOMS help stack did not improve retrieval accuracy beyond what would be expected a priori.
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Figure 15. Mean proportion of observable NGOMSL steps retrieved in the help stacks across
retrieval sessions.
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These resuits are surprising when the absolute values of the proportions are taken into
consideration. Poor retrieval accuracy can be expected for the Original help stack since help
matenal was often spread over several unconnected cards. However, this was not the case for
the GOMS help stack. Yet, users of this help siack failed to retrieve approximately 25% of the
GOMS information. Why didn't GOMS users retrieve more information when it was compietely
documented in the help stack?

One hypothesis to explain this poor retrieval accuracy with the GOMS help stack was that
users failed to mark relevant help cards directly adjacent to a correctly marked help card.
Since the GOMS help stack was hierarchically structured. users would sometimes have to make
judgements whether additional help information was needed for an autharing task. For the 333
tasks in which GOMS users failed to mark all the correct cards, 144 times (43%) users failed
to mark a relevant help card which was directly adjacent to a correctly marked help card.
Thus. this failure to mark directly adjacent and relevant help cards accounts for some of the
poor retrieval of GOMS users and suggests that users had some Jifficulty making decisions on
what help information was relevant to the authoring tasks.

fn contrast, this failure to mark directly adjacent help cards was observed infrequently
for Originai users (49 of the 544 tasks in which users did not retrieve all the help
information, 9%). This lower frequency was probably the resuit of the structure of the
Original help system since there were many more instances when a related help card was not
directly connected to a marked correct card (321 of the 544 tasks in which users did not
retrieve all the help information, 59%).  As expected, this data suggests that a problem with
the Original help stack was that related help cards were not connected which may have resulted

in users not retrieving this information.

Subjective Evaluations
The GOMS help stack was rated superior to the QOriginal help stack on 15 of the 16

subjective scales with the final scale resulting in a tie. Therefore, there was a clear subjective
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preference for the GOMS help stack. Users' subjective feelings about the two help stacks were
analyzed using Wilcoxon rank-sum tests. A summary of the significant differences are provided

in Table 9.

TABLE 3

Significant Results of the Subjective Evaluations Comparing the Two Help Stacks

ive Ratin Normal Approx.
Question OMS Qriginal w (Z-score) P-value
ifi ion
1. In general, how many cards did you
need tc go through to find the
information needed?
(1-very few, 5-a iot) 3.07 3.71 166.50 -1.74 0.0823
2. How often did you feel lost when
using the HyperCard Help system?
(1-never. 5-often) 2.36 3.07 162.50 -1.94 0.0528
3. Would you have preferred to have
looked for the same information as
was coniained in the online HyperCard
Help stack in a manual?
(1-not at all, S-very much) 1.64 2.71 155.00 -2.28 0.0226
neral [@SSi f HyperCar
4. 1-simple, 5-complex 2.50 3.29 167.00 -1.70 0.0897

As shown in Table 9, Original users felt they browsed more cards in the help stack than
GOMS users. Although this is not surprising since Original users actually did browse through
more cards (see Figure 4), it does indicate that users were aware of how much information they
looked through. More interestingly, Original users fei: they were lost more often than GOMS
users. The number of users selecting each point on this subjective scale is shown in Figure 16.
As illustrated, more GOMS users were tending to indicate that they never felt lost, while the

responses for the Original users were more evenly distributed across the scale. Apparently the
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explicit structure of the GOMS help stack was useful in helping users navigate through the help

information and preventing them from feeling lost.

B coms
Onginal

Number of Users

Subjective Rating

Figure 16. Responses to the question: "How often did you feel lost when using the HyperCard
help system?"

Also shown in Table 9 is the significant subjective difference between GOMS users and
Original users in terms of their preference for whether this help information should be placed
in a manual or online. Figure 17 shows that the majority of the GOMS users indicated that they
did not wish the help information to be contained in a manual. In contrast, Qriginal users were
more ambivalent on the implementation of the help. This may be interpreted that GOMS users
were satisfied with the online help stack, whereas Original users were less satisfied and thought

that there could be alternative ways of presenting the help.
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Figure 17. Responses to the question: "Would you have preferred to have looked for the same
information as was contained in the online HyperCard help stack in a manual?"
Finally, the data in Table 9 indicate that users of the GOMS help stack thought that
HyperCard was simpler than users of the Original help stack. As illustrated in Figure 18, 6
GOMS users were tending to indicate that HyperCard was simple, while only 3 Original users
indicated this and none of these users indicated this strongly. Instead, 6 Original users tended to
indicate that HyperCard was complex. Perhaps the GOMS help stack conveys the design of

HyperCard in a straightforward way such that users feel that it is a less complex system.
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Figure 18. General impressions of HyperCard for users of the two help stacks.

DISCUSSION

Usability of the Help Stacks

Retrieval time and effort. The results indicate that the GOMS help stack was
superior in terms of time and effort. However, this superiority was limited to the first session
of the experiment. At least two possible hypotheses can explain these results. First, the
additional time and effort may have been needed by the Original users to learn where help
information was located in the help stack, while this did not seem to be necessary for the GOMS
users. Related to these results is the hypothesis that the structure and content of the GOMS help
stack was organized explicitly around HyperCard authoring tasks enabling users to determine

where information was located.
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The other explanation of the results is that the difference observed between GOMS and
Original users may be due to the specific order of the authoring tasks. This explanation must be
considered since the tasks were not counterbalanced between retrieval sessions, but were
ordered pedagogically so that the simpler authoring tasks appeared before more complex task-
This explanation does not rule out the previous, more interesting hypothesis. However, it does
affect the generalizability of the results. If task ordering does play a factor in the usability of
the two help stacks, then superiority of the GOMS stack can only be assumed for the pedagogical
ordering used in this study. What is asserted here is that this experiment provides convincing
support for the first explanation and also argues against the task-order interpretation.

One of the remarkable differences between the two groups was the strong learning effects
observed with the Original help stack and the apparent lack of learning with the GOMS help
stack. GOMS users only needed a fixed amount of time (approximately 70 s) to find help
information for each authoring task. This constant retrieval time can be understood when
considering the structure of the GOMS help stack. Help information in this stack was very
modular. Individual help methods were provided on separate cards which were explicitly
addressed by the goals of the authoring task (e.g., actions and objects). Users would first have
to identify the appropriate action, then the appropriate object, and then they would be
positioned at the correct help method for that task. This idealized retrieval behavior is quite
similar for each authoring task, and consequently, explains the constant amount of time
required for each retrieval of help.

Retrieval of help from the Original help stack, however, was probably much different.
[nitially, users had to explore many rore help cards which may have allowed them to
understand the structure and content of the help stack. The most dramatic data related to this
initial exploration is the time required to find and mark the first piece of correct help
information. Original users required almost triple the time to find correct help information in
the first retrieval session. As noted, this could be quite frustrating for Original users. In the

real world a help system requiring almost 2 minutes to find the first piece of help information
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may not be used. Put another way: Why should users have to learn the structure of a help
system in addition to learning about the specific help topic?

A closer look at the retrieval behavior of users explains even more. In addition to the
extra exploration during the first session, Original users had to access more navigational cards
during the entire experiment and never approached the ievel of GOMS users. Instead,
comparison of Figures 8 and 9, illustrates that Original users increased their rate at which
they accessed the navigational cards during Sessions 2 - 4. This may indicate that users were

familiar with the stack structure and increased their rate to get through these additional

navigational cards. Or, it could also mean that users were still unfamiliar and possibly confused

with the stack structure and needed to access more navigational cards to find the appropriate
help information.

Evidence for the explanation that users became familiar with the structure of the
Original help stack was provided by the number of cards which were revisited. Throughout the
experiment Original users consistently revisited more cards than GOMS users. As explained
earlier, this revisiting behavior may have been encouraged by the structure of the two help
stacks. The Original help stack often explained several help methods on a single card (see Card
4 and A in Figure 3), whereas the GOMS help stack was modular and encouraged users to access
different help cards. Aithough this revisiting may be an indication of user unfamiliarity and
possible confusion with the stack structure, the tremendous learning which Original users
exhibited argues against this hypothesis. Thus, Original users were consistently and
intentionally going back to the same help cards.

Further evidence for the difficulties users of the Original help stack had with its
structure was revealed by the action and object analysis of the authoring tasks. These analyses
indicated that Original users had more difficulty finding certain actions and objects.
Specifically, Original users took longer to find help information on authoring tasks concerned
with the actions of selecting, copying, and moving, and with the objects of stacks, cards, and

backgrounds. This supports the hypothesis that users had to learn the structure of the Original
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stack since additional time was required for retrieving help information on these tasks.
Furthermore. the results are contrary to the task-order effect since tasks dealing with these
actions and objects were distributed over all four sessions. More interesting, is the fact that
users had difficulty with these common actions and objects. Perhaps these common actions and
objects were overlooked in the design of the Original help stack since a formal procedural
analysis (i.e., GOMS) was not performed.

Finally, the results from the task type analysis indicated that Original users had
difficulty finding help information on unique authoring tasks, while GOMS users had much 'ess
difficulty. This may suggest that the structure of the Original help stack made it difficult to find
these initial authoring tasks. whereas the explicit structure of the GOMS help stack expedited
retrieval performance. However, both Original and GOMS users were equally efficient in
retrieving the same and similar help information. Thus, once the location of the help
information was learned, Original users seemed to remember and retrieve the location of
related help information just as quickly as GOMS users. This was probably due to the structure
and the high level of revisiting associated with the Original help stack. The Original help stack
placed related help information together which encouraged users to revisit this location and

probably improved the user's memory for this information.

Retrieval accuracy. Overall, differences in retrieval accuracy between the two heip
stacks were less than expected. At both a high-level anaiysis of the feedback provided and a
detailed analysis of the number of observable NGOMSL steps retrieved there were only modest
differences between the Original and GOMS help stack (approximately 5 - 20% favoring the
GOMS group). Although 20% sounds like a large difference, approximately 14% of this
difference could be accou =2d for by a prior differences in accuracy between the two stacks.
Moreover, this difference may have been induced from the experimental conditions.
Specifically, users may not have been given sufficient feedback to improve their retrieval

performance. Just telling users that they had found none, some, or all of the information and
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not providing users a chance to see the correct help information limits their corrective
behavior. Ideally, the most natural way of correcting user's retrieval accuracy would involve
having users perform the help methods for the authoring tasks.

The accuracy analysis, however, did disclose that GOMS users may have difficulties
making decisions on what information was necessary to nerform the authoring tasks.
indications of this difficulty comes from data which shows users either marking or not marking
cards directly adjacent to correctly marked cards in the GOMS help stack. First, GOMS users
marked more cards incorrectly which were directly adjacent to a correctly marked card than
Original users. Second. GOMS users often failed to mark correct cards which were directly
adjacent to a correct card.

How could these two results occur simultaneously? The answer may be that GOMS users
had difficulty identifying the correct level of detail from the hierarchical, procedural
directions. For exampie, the large number of incorrectly marked cards could have been
navigational cards directly above the detailed, step-by-step methods in the GOMS hierarchy. Of
the 603 tasks in which users marked incorrect cards 39% of the time the cards were
navigational. In contrast, the large number of correct help cards which were not marked in the
GOMS stack could have been additional detailed methods that the main help method accessed (e.g.,
opening a dialogue box). In this case, of the 144 tasks in which GOMS users failed to mark
correct cards, 57% of the time the unmarked cards were detailed informational cards situated
below a correctly marked card in the hierarchy. This data suggests that users were having some
difficulty deciding whether cards above or below a correct card in the hierarchy should be
marked. This may be an inherent difficulty with the hierarchical and adjustable level of detail
in the GOMS help stack or it could be an artifact of the experimental procedures. Once again,
just having users retrieve help information may not provide enough feedback on what help
information was needed.

A final interesting result revealed by the accuracy analysis is the low overall retrieval

accuracy of both help groups in terms of the number of observable NGOMSL steps retrieved.
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GOMS users failed to retrieve 32% of the help information, while Original users failed to
retrieve 41% of the help information. Based on an analysis of the cards users failed to mark. it
was found that GOMS users may have been inaccurate for some of the reasons described above.
However. for Original users the retrieval accuracy was due to the lack of links between related
help cards. The Original help stack often failed to cross-reference help cards which were
procedurally related.

For example, for the authoring task where the line height of text on a card must pe
determined, users would have needed to access both Card 1 and Card 2 in Figure 19 for perfect
accuracy. Essentially, Card 1 tells the user how to open the dialogue box shown in Card 2 which
displays the line height. However, there is no direct link between Card 1 and 2. This
inadequacy of the Original help system may have resulted from a lack of formal analysis of the
procedural structure of HyperCard authoring tasks. Such an analysis would have identified the
procedures which should have been cross-referenced so that users could have easily accessed

the additional related help methods.
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Figure 19. Example of procedurally-related help cards from the Original help stack which
were not linked together.
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Formal and informal subjective evaluations. in total, the GOMS nelp stack was
preferred subyectively over the Original help stack. Users of the GOMS help stack felt they had
to go through less help information, felt lost to a lesser extent, preferred the online format. and
viewed the HyperCard application as more simple than complex. These formal evaluations also
agreed with the informal comments users provided to an open-ended questionnaire. GOMS users
often commented that the help information was structured effectively for fast and efficient
performance. Although there were few negative comments about the usability of the GOMS help
stack, some users stated that sometimes they felt lost and that they disliked going through
several layers of help information.

Simitariy the informal comments for the Original help stack paralieled the formal
evaluations. Sc...e users commented that the Original help stack should be restructured. One
user commented that the help stack should be more task-oriented and another user made the
specific suggestion that the help stack should be organized around the interface objects. A few
Original users stated that the index was helpful with one user adding that the index should be
redesigned to increase its use. Lastly, some users noted that it took time io understand where
information was located in the Original help stack.

Clearly, these subjective evaluations closely match the observed retrieval performance.
Users apparently liked the structure of the GOMS help stack, whereas users of the Original help
stack seemed to be frustrated with its structure. Interestingly, users of the Original help stack
suggested changes for the Original help stack which seemed largely responsible for the success
of the GOMS help stack. Apparently, some of the improvements in the GOMS help stack are

exactly what users want.

Summary. This information retrieval study showed that using a GOMS model to design
a help system can improve users' retrieval performance and satisfaction with the online help.
However. the results of this experiment may only be a conservative estimate of the superiority

of the GOMS help stack for two reasons. As mentioned earlier, five participants were excluded
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from the experiment due to technical problems. As it turned out, these five participants were
all assigned to the Original help stack. Three of the five were excluded due to software failures
which were caused by data overflow since these users searched the help stack extensively and
took a gredt deai of time to find the help information. The other two participants had to stop in
the middie ot the study due to personal time constraints since they also were taking longer than
expected to find the help information. Therefore, these five participants were very slow
retrieving help and if included in the Original help group would have increased the differences
in time and effort.

A second reason for the results being a conservative estimate of the differences between
the two help stacks is related to the experimental procedure employed in the study. In the
experiment, users were required to repeated'y find help information. This probably reduced
the time and effort differences since users were able to focus solely on the retrieval task. |If
users would have to find the help information and also perform the authoring task there might

be larger performance differences between the GOMS and Original help stacks.

Pros and Cons of Using GOMS for Help System Design

Benefits. The use of GOMS models to develop heip systems has benefits which result in
improved user performance and satisfaction with the system. To reiterate a previous point,
using GOMS models allows the designer to structure the help system in relation to the user's
tasks. This focus on the tasks decreases the amount of learning associated with help system.
thereby allowing users to focus on learning the computer task for which they seek heip. This
seemed to have taken place for the GOMS help stack. These users took a constant amount of time
to find help information indicating that there was little learning associated with the structure
and location of help. In contrast, users of the Original help stack needed initial learning time to
understand the structure and location of help information.

A large part of the effective structure of the GOMS help stack was developed by using the

goal hierarchy to serve as an index into the detailed step-by-step methods. This provides
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explic't cues to users about what actions on what objects (i.e., goals) were possihle. Unlike the
Original help stack. users did not have to guess where information was located. in addition, this
goal structure allowed relatively quick access to the detailed methods.

Using a goal structure to organize user documentation is not new. Carroll and his
colleagues (Carroll. Mack, Lewis, Grischkowsky, and Robertson, 1985; Carroll, Smith-
Kerker. Ford. and Mazur-Rimetz, 1988) have used user goals and tasks to organize material in
manuals and user-oriented reference cards. What is new is the use of a formal model such as
GOMS to develop this organization Instead, Carroll, et al. (1985; 1988) used empirical user
testing to suggest the goals and tasks. Although this is one method of generating user goals (and
perhaps a good first start), it is potentially time consuming and does not guarantee that all the
possible goals and tasks will be observed. A formal GOMS model provides a method for analyzing
the user's task meore completely. This is important since only high-level guidelines (Carroll,
et al., 1988) and advice (Brockmann, 1986) have been provided to make user documentation
more task-oriented.

In addition to focusing on tasks, use of the GOMS mode! allows other principles of
developing good user documentation to be followed. For example, Carroll, et. al. (1988) state
that one important principle for designing a minimal manual is to slash the verbiage. How does
one do this? Use of a GOMS model to focus the documentation or help on the procedures
necessary to accomplish tasks is a promising approach. In this study, the size of the GOMS heip
stack was 25% smaller than the Original help stack (GOMS: 175 cards vs. Original 233 cards).

Beyond providing a method to adhere to these principles, the use of GOMS allows the
designer to assess the completeness and consistency of the help system. Completeness of the help
instructions can be assessed since GOMS is a model that can be executed by a human. Thatis,
the analyst can test the completeness by hand simulating task procedures. This quickly
identifies missing steps in the help instructions. Furthermore, if NGOMSL (Kieras, 1988) is
used, a computer simulation of the procedures in the form of a production system can be

developed (see Anderson, 1983; Bovair, Kieras, and Polson, 1988). Although computer
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simulations were not run in the present experiment, this approach would provide an even more
rigorous test of the explicitness and completeness of the help instructions.

In the present study, there were differences in the completeness of the directions in the
two ielp stacks. The Original help stack had approximately 85% of the total observable
NGOMSL steps contained in the GOMS help stack. Although this did not seem to lead to any
further decrements in the amount of help information retrieved, the completeness of the help
directions may have a ueining impact on whether people can execute (perform) the help
methods. Indeed, the philosophy when using GOMS for designing online help is that the described
procedure should be complete. This is at odds with other efforts (i.e., Carroll, et al., 1985;
1288) where incomplete directions are thought to be beneficial because of their capability to
engage the user to learn the task actively. The contention of the GOMS approach is that
reference materials must be complete since you cannot predict the inferences that will be made
with incomplete help information.

Cne final benefit of using GOMS for designing online help is one of consistency. At the
very lowest level, consistency in the wording of help instructions can be enforced by translating
the GOMS model to written instructions in a routine fashior. At a higher level, GOMS and
production rule analyses are ideal for identifying general methods that can be used in different
contexts (see Catrambone, in press). Identifying and describing these general methods could aid

the user in learning about interface consistency.

Problems. One of the most prevalent problems with hypertext systems is that of
getting lost (Conklin, 1987). Even though more users of the Original help stack indicated that
they felt lost, some users of the GOMS help stack indicated that they felt lost. Why do peopie feel
lost in the GOMS help stack? One explanation may be the depth of the goal hierarchy. The depth
of the goal hierarchy for the GOMS help stack ranged from 1 to 9 cards deep with an average
depth of 3.5 cards. Some depth in the goal hierarchy may be necessary to convey the procedural

structure of the task. However, there may be a tradeoff between this benefit and the possibility
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of users becoming lost. One possible solution to users getting lost in deep goal hierarchies may
be to write longer and less hierarchical procedures. Another solution is to provide a fisheye
view of the goal hierarchy (Furnas, 1986) so that users could keep track of their high-level
goals while browsing lower-level subgoals.

The depth of the goal hierarchy may also impede users from quickly accessing detailed
help methods. Some limited evidence for this is that GOMS users on the average had to browse 9
cards during a trial and took 38.8 seconds to find and mark the first correct card. Although they
accessed fewer cards and took less time than the Original users, this performance quite possibly
could be improved. Once again, the solution may be one of making longer and less hierarcrical
procedures. For information retrieval, there are few benefits for deep hierarchies since
additional goals have to be read and each goal accompanied by a button click 1o access the method
for that goal. Thus, hierarchical help instructions will always lead to longer retrieval times.

The data on retrieval accuracy also indicates that there may be problems with
hierarchical help instructions. Users of the GOMS help stack failed to mark 32% of the correct
telp information. As previously discussed, users seemed to have problems making decisions on
what information was necessary to perform the authoring tasks. More specifically, users
sometimes left lower-level help methods unmarked. Similar problems of users failing to
consider lower-level methods were observed by Kieras, Tibbitts, and Bovair (1984). These
researchers found that users of menu-based instructions for a device often failed to look at sub-
menu instructions. This then resulted in longer performance times since users did not know how
1o execute tasks associated with these lower-level methods. In future studies, these problems in
retrieving help information may tead to poor execution performance for users who are not well
practiced on specific HyperCard authoring skills since they too may skip reading about lower-

level skills.
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Future Research

Since information retrieval is only part of the use of online help, other experiments are
planned to evaluate the use of GOMS for help system design. In particular, a method execution
study is pianned to see how weil users can perform the help methods described in the GOMS and
Original help stacks. This study i1s to determine whether the complete, goal-structured
directions of the GOMS help stack improve users' speed and accuracy when compared to the
incompiete instructions in the Original help stack. Also of interest is whether GOMS users are
inaccurate in performing authoring tasks due to their possible failure to consider lower-level
methods.

A final usability evaluation involving retrieval of help information and execution of heip
methods is also planned. The goal of this study is to confirm that the differences observed in the
information retrieval and execution experiments generalize to more realistic help scenarios.
Instead of performing individual authoring tasks users will be asked to perform a high-level
task. such as creating a stack, which will requir> users to retrieve and execute help methods for

individual authoring tasks.

CONCLUSIONS

This experiment shows clearly that a GOMS model can assist in developing a help system
which improves user information retrieval performance. The GOMS help stack was easy to use.
easy 'c learn, and well liked for information retrieval. This is to be contrasted with the
Original help stack which required additional time to learn the structure and location of help
information. The key characteristic for this improved performance seems to be the goal-
oriented, procedural structure of the GOMS mode! which is exp iculy represented as an index
for the step-by-step methods. Still, despite these benefits there are some challenges which
have to be addressed in future research. Further research must determine how the intermediate
goal structure of a task can be represented without adding information access time or getting

users lost. In addition, ways to encourage users to find and access lower-level help methods
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need to explored. Nevertheless, the positive results from this experiment suggests that GOMS
she':ld be added to the relatively sparse set of methods available to help designers specify help

content.
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APPENDIX A
Authoring Tasks Used in the Experiment

Shown below are the authoring tasks used in this experiment. Included with these tasks
are the session that the task appeared in and the task classification. The classification consisted
of tasks which required the use of: (1) completely unique help methods (UN}, (2) methods that
share help cards from previous tasks (ShC), (3) help methods with a procedural structure
similar to help methods seen in previous authoring tasks (SM), and (4) help methods that are
contained on exactly the same cards as previous authoring tasks (SaC). The number of the
previous task(s) is presented when the task classification refers to other p.2vious tasks.

Task Task
Number Type Task

1 UN Pick some text on a card (not in a field)

2 UN Duplicate the current stack, but do not change the stack in any way

3 UN Type text onto a card (not in a field) using the current text
characteristics

4 UN Pick a stack

5 UN Relocate a card to another place in the stack

6 UN Safeguard the current background so it cannot be deleted from the
stack

7 UN Make a card by pic+ing a command from a menu, but do not change the
card in any way

8 UN Pick a background from the current stack

9 UN Make an empty background in an existing stack

10 UN Pick a button

11 UN Make a stack with one empty background

12 UN Duplicate a card and place it in another part of the stack

13 UN Pick a field

14 UN Determine what is the user level for the current stack

Session 2

15 ShC-4 Duplicate a selected background and put it into another stack

16 ShC-24 Name a card

17 ShC-10,26, Unlock a selected field

19

18 UN Determine how many backgrounds are contained in the current stack

19 ShC-17 Relocate a selected button from one card to another card

20 ShC-14 Get rid of the current stack

21 ShC-28 Duplicate a selected field on a card and piace it on another card

22 ShC-25 Connect a selected button to a card in the current stack
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23

24
25
26
27
28

UN

ShC-1
ShC-22
ShC-1
UN
ShC-21

55

Make a field on a card by picking a command from a menu, but do not
change it in any way

Get rid of a card

Make an npaque button with a user-defined size for a card

Determine what is the font size of the text in a selected field

Get rid of a selected button

Duplicate a selected field and place it on the same card by using the
option key

32
33

34
35
36
37
38
39
40
41
42

ShC-14,20

ShC-26

ShC-6

SM

SM
ShC-17,26
SM

SM

SM

Pick text in an unlocked field

Change a selected button so that it will display the button name on the
screen

Duplicate selected text on a card (not in a field) and place it on
another card

Set up the current stack so that a password must be used when it is
entered again

Determine what is the line height used for text on a card (not in a
field)

Get rid of selected text from a card (not from a field)

Type text into an unlocked field using the current text characteristics

Determine how many cards have the same background

Get rid of selected text from a field

Relocate a selected field from one card to another card

Center some existing text in a selected field

Relocate selected text on a card (not in a field) to another card

Get rid of a selected field

Duplicate a selected button and place it on the same card by using the
option key

44

45
46

47
48
49
50
51
52

53

ShC-16,24
ShC-26,33,
39
ShC-22,25,
30,43,47
UN

SaC-19

UN

ShC-22,30

SaC-17,26,
39

SaC-34

Change a selected button so that it automatically highlights when
used

Relocate selected text in an unlocked field to another location in the
same field

Determine what is the 1D of the current card

Alter the font for text to be added on a card (not in a field)

Replace the current icon for a selected button with another icon

Duplicate selected text from an unlocked field and place it in another
location in the same field

Relocate a selected button to another position on a card

Increase the dimensions of a selected fieid

Determine what is the number of a selected button

Name a selected field

Get rid of selected text from a card (not from a field), but save a
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temporary duplicate of it

54 SaC-17.38 Relocate a selected field so that it is on top of other objects on a card

55 SaC-27 Get rid of a selected button, but save a temporary duplicate of it

56 SaC-1 Pick text on a card (not in a field) that was just typed in
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APPENDIX B

HyperCard Subjective Questionnaire
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APPENDIX C
Scoring Procedures for Determining the Number of Observable NGOMSL Steps

To score the Original help stack the two authors made independent judgements on each
card which had relevant help information in terms whether an observable NGOMSL step was
described on the card. Cards with relevant help information were culled from the Original help
stack by using string searches for words (or related words) in the authoring task. Scores
consisted of 1, 0.5, and 0. A score of 1 indicated that the observable NGOMSL step was present
on the help card. A lenient scoring scheme was used for this category such that a step was scored
as present if it could be inferred by the user. A score of 0.5 indicated that half of a step was
present. This scoring category was required since there were many help cards which had only a
portion the observable NGOMSL step. An example of a half step is a help card which indicated
the appropriate menu command, but failed to identify where it was located in the menu. Finally,
a score of 0 indicated that the observable NGOMLS step was not present.

After initial scoring was complete a reliability analysis was conducted to determine how
closely the two authors’ scores matcned. This initial scoring for the two authors resulted in a
Pearson product-moment correlation of 0.76. A t-test of the coefficient for the slope of the
regression indicated that this was a highly significant correlation (t [353] = 22.07, p <
.0001). A comparison of the exact scores of each card revealed that there was 60.5%
agreement between the two authors. Given the borderline reliability coefficient and the modest
agreement Corween Authors, a checking procedure was devised to see where there was divergence
in the scoring of the two authors.

To check where the authors disagreed, regressions were run predicting one author's
scores from another and vice versa. From each regression, standardized residuals were
calculated to determine cards which had large relative disagreements between the two author's
scores. Cards which had standardized residuals £1.96 (studentized residuals which were in
upper and lower 2.5% of the distribution) were chosen for further scoring analysis. Based con
this residual analysis, differences were resolved between the two authors' scores. For the most
part, differences between scores were the result of calculation errors, scoring inconsistencies
for each author, and judgement differences for observable NGOMSL steps which were scored as
half steps by one author and full steps by the other author.

The revised scores of each author were then reanalyzed in terms of reliability and
agreement. The revised scores resulted in a Pearson product-moment correlation of 0.89. Once
again, a t-test of the coefticient for the slope of the regression indicated that this was a highly
significant correlation (t [353] = 37.62, p < 0.0001). A comparison of the exact scores of
each card revealed that there was 71.5% agreement between the two authors.

Due to the higher reliability and agreement between the two authors' scores, one of the
scoring schemes was selected to compare the marked cards of users to determine how many
observable NGOMSL steps they had retrieved for each task. From the regressions of the two
authors' scores it was found that one author was more lenient in scoring (first author's score =
0.0001 + 0.972 * second author's score). To give users the benefit of doubt, the more lenient
scoring scheme was selected (the first author's scoring scheme).
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