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(ABSTRACT)

This research assessed the effects of inconsistencies in graphic direct manipulation
interfaces. Objective and subjective measurement techniques were employed to determine
how inconsistencies affected performance in an Apple Macintosh-based computer
application called “The Personal Organizer.” Three groups of 11 participants, all familiar
with the Macintosh computer, were given a set of similar tasks on different versions of the
application in a pretest (control version), treatment (control or one of two inconsistent ver-

sions), post-test (control version) experimental design.

Performance was measured using two objective measures: task completion time and the
number of input control actions. Analysis of variance and correlational procedures were
used to interpret these measures. A set of 29 bipolar semantic differentials were used to
form a subjective measure of consistency. The linear sum of the scores on a subset of these
items was used to create a composite measure of consistency. An analysis of variance
procedure was performed on the composite measure, called the Preference Index.

Results show that time and subjective measures are not identical in their ability to
discriminate between inconsistent versions of the interface. It is concluded that the
inconsistency of the interface has different effects on subject’s ability to complete tasks as
compared to subject’s ability to rate interface consistency. Interface designers should be
aware that subjective ratings of interface consistency need to be collected in concert with
objective performance measures to assess the effects of graphical user interface
inconsistencies upon human performance.
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CHAPTER

1

INTRODUCTION

T o design the user interface of a system
is to design the user’s model
Thomas P. Moran, 1981

The design of graphical computer interfaces involves many complex issues. The issue of
consistency is a primary criterion for usable interface designs. Consistency across
applications allows users to transfer existing computer skills to new applications.
Consistency can reduce training time and user errors, while increasing the user’s opinion of
softwares quality (Kellogg, 1987; Polson, 1988). In addition, the wide availability of
various computer platforms increases the need for consistency across computer hardware.

Figure 1 shows ranges of consistency for a computer environment (adapted from
Robert, 1988). An interface design that is consistent within one program, defined in Range
1, might not be consistent with other programs in Range 2. It is not clear when specific
consistency issues that appear at one range take priority over inconsistencies at other
ranges. Consistency created at one level may create inconsistencies at another level. The
ability to determine where and how to make consistent software is an important issue to
interface designers. With better understandings of consistency, designers will build
graphical interfaces that perform better and be accepted by the end users.
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Consistency

Range 1: Within a program

| External task | Internal task

$

Range 2: With other programs
Word DeskPaint Excel Etc...

!

Range 3: With other systems

Next Macintosh Iris Etc...

!

Range 4: Compatibility with the Environment
- natural laws - human conventions

Office Equipment Vehicle Etc...

Figure 1.  Different ranges of consistency in a computer environment (Adapted from
Robert, 1988).

Consistency is defined as “system usage that meets the user’s expectations.” As
shown in Figure 1, external tasks refer to actions that allow links to system software or
other applications. Internal task consistency defines those tasks specific to the application.
Consistency with other systems relies on document conversion capabilities and does not
rely on functional or interface similarity. Today the trend is to make applications and
documents transportable, thus expanding the scope of Range 3. Compatibility with the
environment relies on consistency with external conventions. This is achieved with

metaphors in the software design.
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Moran’s Command Language Grammar (CLG) (1981) provides a framework for
researchers to stratify consistency issues (Kellogg, 1987; Robert, 1988; Bouchard and
Robert, 1989). CLG defines a series of rules that state the operations required to complete
tasks in a system. Moran divides a user interface into three component parts, each with two
levels (Figure 2). The overlap of rings in Figure 2 reflects the interactions associated with
the CLG. Polson stated that strict decomposition of an interface into the six independent
levels probably is futile. Items that fit in one component can also affect the other
components — this is represented by the overlapping areas. Polson (1989) pointed out that
design decisions ripple through the CLG. A decision that applies to one operation or task in
the interface can also affect other parts of the interface.

Conceptual
- semantic
- task

Communication Physical
- syntactic - spatial
- lexical - devices

Figure 2. Moran’s three components of a user interface.
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Icon placement, naming conventions, and command sequences are a few issues that
need to be classified in the CLG. The placement of these issues into CLG levels is based on
where the primary effect of the inconsistency occurs in the design. This statement does not
imply that the placement of an inconsistency into a specific level affects only that level. The
description of an inconsistency as belonging to a particular level is based on how the
inconsistency is identified. No formal methods are available at present to describe and

classify inconsistencies.

The CLG shows the relationship among the physical, conceptual, and communication
components. The physical component was not addressed in Moran’s work, while Robert
(1988) did use it to find inconsistencies in a user interface. The conceptual component of
the CLG includes the task and semantic levels, which are both based on abstractions of
system functions. The task level organizes the user’s needs into a structure that defines
what events occur in the system. The semantic level defines the system’s attributes and
operation without defining the implementation. The communication component consists of
the syntactic and lexical level. The syntactic level recodes the semantic level concepts into
actual commands, arguments, and state variables. The lexical level defines the actions and
system rules needed to invoke the defined syntax.

Clarification of how inconsistencies at these levels impact objective and subjective
measures will help user interface designers. Three versions of an application, called “The
Personal Organizer,” were used in a pretest, treatment, post-test experimental design. The
design used three groups of 11 subjects each, all familiar with the Apple Macintosh
computer. Each group was given a set of similar tasks on a control version, followed by
another set of tasks on the consistent (control) version, or one of two inconsistent versions.
The post-test followed with similar tasks using the control version for all three groups.
Subjective ratings and objective measures of time and input control actions were collected
to identify the effect of inconsistencies in the graphical direct-manipulation interface. The
application versions varied in terms of the communication, conceptual, and physical levels
of consistency.
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CHAPTER

2

BACKGROUND
AND LITERATURE
REVIEW

Many technical areas contribute to the design of computer applications. General
handbooks and guidebooks for user interface design can help create properly designed
interfaces (Brown, 1988; Shneiderman, 1987; Smith and Mosier, 1984). Shneiderman’s
(1987) first golden rule of dialog design is to “strive for consistency.” Shneiderman stated
that “consistent sequences of actions should be required in similar situations, identical
terminology should be used in prompts, menus, and help screens, and consistent
commands should be employed throughout” (1987, p. 61). This rule is good in theory, but
difficult to apply.

Some user interface design guidelines were designed for specific computer
environments. The Human Interface Guidelines: The Apple Desktop Interface (Apple,
1987) draws on some research for defining the implementation of the Macintosh
environment. Digital Equipment Corporation published the XUI Style Guide (1988) to
assist programmers in developing an X User Interface for DecWindows. IBM published
Common User Access Panel Design and User Interaction (1987) for its System Application
Architecture (SAA). Every computer company uses unique rules and conventions for
specifying their graphic user interfaces. Consistency is stressed in these works because it is
an essential feature of effective user interface designs.

In a broad sense, rules are requirements, style guides define specific implementations,
and guidelines state reasonable and practical implementation practices. Each of these

documents have a common focus: the consistency of the user interface.
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Carroll, Mack, and Kellogg (1988) discussed the use of interface metaphors in user
interface design. Computer applications, designed to handle work previously done without
computers, use metaphors to draw on previous knowledge and methodologies that might
lead to a positive training effect and a sense of familiarity for the user. Since many
problems can be solved with computers, the link between the external environment and the
computer is useful in helping users adapt. The ability to learn and use a product is usually
based on previous experience. Whether the person has ever seen or heard of the product,
the user will use his or her experiences to form a knowledge base for new experiences.
This knowledge base can stem from “typewriters, calculators, or video games, as well as
from computer systems. A good user interface relies on these experiences” (IBM, 1987,
p.- 9). The use of metaphors creates links from this knowledge base to computer
applications. Similarly, consistency within a specific application can be used to help a user
map the knowledge of one function to untried tasks within the application. This mapping
might involve a common metaphor, a specific interaction style, similar command syntax, or
a common procedure.

Kieras and Bovair (1986) showed that learning time for a new system is reduced if the
user is familiar with another system that employs similar rules. This also can be applied to
applications found within the same system. They determined that learning a new set of
command keys for every application is less efficient than transferring a single set of rules to
new environments. Reisner (1981) working on similar research concluded that “structural”
consistency (i.e., the number of rules needed to define a system procedures) helped user
performance. She observed that users made “expectation errors” in the treatment version,
where they applied new, learned procedures to new objects. No statistical analysis was
performed by Reisner.

In a command line environment, some programs use different methods for creating
command syntax. Table 1 shows four common commands; Cut, Copy, Paste, and Undo.
The command syntax shown in Table 1 contrasts with guidelines set forth for the
Macintosh (Apple, 1987). Macintosh programs with these edit functions use the same set
of keys (Command Z, X, C, V for Cut, Copy, Paste, and Undo, respectively). This means
that despite the program used in the Macintosh environment, there usually will be a
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knowledge base that can be applied to the new application. This is an example of applying
consistency in Range 2 of Robert’s levels of consistency.

TABLE 1. Commands for Cut, Copy, Paste, and Undo in Various Applications

IBM PC Program Cut Copy Paste Undo

Word Perfect 5.0 | Ctrl F4 then #1 | Ctrl F4 then #2 | Ctr]l F4 then #3 | Curl F4 then #4
MS Write Shift+Del Crtl+Ins Shift+Ins Alt+Bksp
Volkswriter 3.0 | AltF8 none AltF6 None

PFS Write F4 F3 F6 Crtl F4

Designers can incorporate consistency in applications using a variety of methods. Lotus
1-2-3 (a popular IBM PC spreadsheet program) is a good example. Cohen and Schirmer’s
(1989) review of Lotus 1-2-3 pointed out five major features that contribute to its
dominance in the industry. One feature is the “implementation of the <Escape> key [that
gives] the user a consistent, non-destructive method of retracing his steps or correcting an
error”’ (Cohen and Schirmer, 1989, p. 9).

Koritzinsky (1989) concluded that it was more important to be consistent with user’s
perspective of an interface than to constrain the shape of a new icon. The author was
referring to a circular clock icon. A square clock icon would be consistent with the other
system icons, while a circular clock icon would be consistent with the shape of watches
and wall clocks. No experimental evidence was cited to indicate whether the shape of the
object affects subjective or objective performance. Making the clock consistent with
“square” digital clocks was not addressed.

Whiteside, Jones, Levy, and Wixon (1985) examined user performance with command,
menu, and iconic interfaces. They tested a system as a whole because it “represents a
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design team’s best overall solution to optimizing many variables, [and] we claim that a test
of the system as a whole is more fair and valid than a (perhaps impossible) decomposition
into component variables” (1985, p. 185). They suggest that, due to the complexity of a
user interface, attempts at decomposition probably are futile.

Ham (1987) stated that “no matter how much trouble it is, take pains to be consistent in
every way possible: punctuation, significance of colors, mode of input, location of
messages...” (1987, p. 114). On the other hand Grudin (1989) pointed out many instances
where consistency is not the most important issue to be resolved. Other researchers (Wolf,
1989; Briggs; 1989; Grudin, Ehrlich, and Shriner, 1987) agree that it is better to strive for
consistency. Ham clearly addresses the need for an interface to be consistent with the users
model. Unfortunately, Ham’s theory proposed in that statement is problematic, since it
might not be realistic to be consistent in every possible way. Something consistent in one
context probably will be inconsistent from a different point of view. In addition, there are
costs associated with being consistent: user testing, the system timeline, and designer
effort. A possible solution is to allocate resources toward creating consistency in aspects of
the interface where performance would be affected by its absence, than creating consistency
in every aspect of the interface. Grudin (1989) suggests that one should center effort on
understanding the tasks of the worker, rather on just being consistent. Grudin pointed out
that consistency is not the goal, but only a method for achieving usability in a design. An
appropriate design should allow for consistency within the context of the workers’ tasks.

2.1 Characteristics of Consistent Interfaces

Even a simple definition of consistency is difficult to apply. A dictionary defines
consistency as an “agreement with what has already been done or expressed; conformity
with previous practice” (Mish, 1983, p. 303). Often, a designer may be trying to match an
interactive style to a user’s cognitive representation of the system’s workings. The user’s
representation might not include any previous computer practice and would be based only
on experiences from non-computer activities (like reading a restaurant menu or using a
typewriter). This type of agreement can play an important role in the learning process.
Bouchard and Robert defined consistency as “the quality of the system which respects the
user’s expectations” (p. 2, 1989). Some research has gone further in this vein by

BACKGROUND AND LITERATURE REVIEW 8



attempting to build methods for detecting and understanding how consistency effects the

usability of an interface.

Hammer, Kunin, and Schoichet (1983) concluded that a consistent interface is one “in
which different things are handled in similar ways with similar syntax” (p. 129). The word
“things” in this statement refers to the object in a verb-object syntax, where actions were
performed on system objects. They cite four criteria for designing a user interface: the
interface should be natural, easy to learn, easy to use, and consistent. Although the authors
do not cite empirical data to support their criteria, they claim that consistency is the
cornerstone of a usable system.

Blake (1986) defined a consistent interface as having five characteristics:

« Predictable - Users anticipate what the system will do.

» Dependable - The system fulfills the user’s expectations.

+ Habit-forming - The system encourages development of behavior patterns.
» Transferable - Habits developed in one context apply in new situations.

* Natural - The interface is consistent with the user’s understanding.

These attributes can be part of the communication, conceptual, and physical components
of an interface. All could be used as synonyms for consistency.

2.2 Methods for Detecting Inconsistencies

In 1988, a group of experts in Human Computer Interaction (HCI) gathered to discuss
consistency but could not create a good definition (Grudin, 1989). Researchers have
created numerous methods for explaining and quantifying HCI. Some researchers have
found generic methodologies for comparing interface designs (Bachman, 1989; Roberts
and Moran, 1982). Tullis (1983) developed a metric for determining layout complexity,
while Card, Moran and Newell (1983) developed the well known Keystroke Level Model
(KLLM). Reisner (1981) used formal grammatical descriptions to predict ease of use and
Robert and Wang (1989) continue to build statistical metrics for evaluating the importance
of inconsistencies. Others have tried to quantify and classify consistency (Barnard,
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Hammond, Morton, Long, and Clarke, 1981; Berry, 1988; Bouchard and Robert, 1989;
Robert 1988). Although these efforts are laudable, true taxonomies for defining
consistency are still only works in progress.

Briggs (1989) investigated the use of a command wheel diagram, and proposed that it
can “provide a suitable meta-language with which to illustrate the consistent properties of a
command set” (p. 160). The study looked at the consistency of WordPerfect and Word,
both commercial word processors. The command wheel is used to map out the word
processor’s commands for cursor control and deletion tasks. Missing spokes in the wheel
identified inconsistencies in the command syntax. Briggs does not define the command
wheel, but explains it by example. The command wheel method is difficult to adapt for
commands beyond the cursor control paradigm. Briggs questioned if consistency was
dependent on a person’s awareness of the underlying rule structure, or if a user would

benefit from consistency even if he or she were not aware of the inconsistency in the GUIL

Robert (1988) presented a method for detecting inconsistencies in user interfaces. The
first step entailed defining the system. Computer-based bibliographic information retrieval
system using “IF (user action) THEN (system response)” type descriptions were used in
Robert’s work. Robert found that this method, by itself, was not effective for detecting
inconsistencies, and expanded on the six description levels from the Command Line
Grammar (CLG) model proposed by Moran(1981) to evaluate the interface. Moran’s model
has three main components: Conceptual, Communication, and Physical, as discussed in the
Introduction. Each main component has two underlying levels. Robert views these levels
as “six different angles for examining... precise issues where consistency comparisons can
be made” (1988, p.360). Table 2 shows the three components, six levels, and some
interface components analyzed in the bibliographic database system.

The attributes in Table 3 were generated by comparing differences in interface
components found within a specific level. For example, Robert defined command names
that were verbs, nouns, adjectives, expressions, etcetera as the “type of identification” into
the lexical level. When command names were abbreviated differently, the “type of
abbreviation” was created as a lexical attribute. :
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TABLE 2. A Framework for Detecting Inconsistency (Adapted from Robert, 1988)
INTERFACE COMPONENTS

X l% 2 4]
> A 2 N
& s & & & &L
F (4
006§ &0@ Q@& \@Q Qéo'” %o@@ @;) ?}Qz'}-
COMPONENTS  LEVELS 1 1 1 1 | [ |
Conceptual task
semantic

Communication  syntactic

lexical

Physical spatial layout

devices

TABLE 3. Sample Attributes of a Bibliographic System (Adapted from Robert, 1988)

Syntactic | number of arguments

position of arguments

default option (to skip steps)

shortcuts (to go faster)

command nesting (grouping commands under one name)
recursion (to use same command w/o selecting it again)
scope of recursion (over all or some arguments)

time at which commands are shown, vanished, dimmed, or highlighted
Lexical language (English, French)

type of delimiters and type styles

blinking and blinking speeds

identification (noun, verb, expression)

representation (iconic, alphabetic, numeric)

number of words, word length and abbreviations
abbreviations, capitalization, font size and style
Spatial position on a support (visual display, keyboard, mouse)
menu item position (grouping vs. separation)

alignment, indentation

Robert did not systematically determine the number or type of attributes. He states, “to a
large extent, the number of attributes that is considered may determine the power of the
method for detecting inconsistencies™ (1988, p. 360). No previously created list of possible
attributes was referenced, and identification of inconsistencies depended on the evaluators.
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Once these attributes were determined, differences within the same category and across
each attribute at specific levels were compared. Differences between the components were
labeled as possible inconsistencies. Differences then were classified as inconsistencies “as
long as the classification made sense in the context of the task. Indeed, the task was used as
the ultimate guide because it is responsible, to a large extent, for the structure and operation
of a system” (1988, p. 360). Although not systematically repeatable, this heuristic method
is one of the few examples in the literature that tests inconsistencies in an interface.

On a subjective level, all but one participant reported that the system was easy to learn
and use, with a few negative feelings. So, while there were many inconsistencies, as
defined by Robert’s method, it was not reflected in the subjective evaluations of the users.
Decrements to objective performance (i,e., time to complete tasks, number of errors) from
the inconsistencies was not measured. It is unclear if inconsistencies not found by the
subjects were (1) masked by other interface features, (2) not salient enough to be noticed, or
(3) not within the scope of the users’ objectives.

Kellogg’s (1987) experiment addressed consistency in the user interface and its effect on
user performance using Moran’s (1981) CLG framework. In Robert’s (1988) work the
levels were crossed with specific components of the interface (Table 2), while Kellogg
divided the interface components into two distinct groups at the conceptual level: internal
and external consistency. Kellogg looked at conceptual rather than procedural consistency.
Procedural consistency is generally found in design guidelines (e.g., the assignment of
function keys or the placement of a menu item). Conceptual consistency was defined in
terms of the “internal coherence of a system’s structure and the nature of the mapping from
user-level goals to system procedures” (Kellogg, 1987, p. 389).

In Kellogg’s (1987) experiment, three groups of users were assigned two sets of tasks,
each group having a different version of the interface with analogous tasks. Versions were
consistent, inconsistent, and consistent plus salient. The versions all performed the same
functions, but varied in the semantic procedure. In the first trial a significant difference was
found between the inconsistent and the two consistent interfaces, but in the second trial the
effects were not significant. Subjects also recalled more correct procedures from the
consistent interfaces and recalled fewer inappropriate procedures. An important result from
this experiment was that the subjects rated the consistent interfaces more positively on 15 of
17 bipolar adjective scales taken from Coleman, Williges and Wixon (1985). Kellogg

BACKGROUND AND LITERATURE REVIEW 12



summarized that users of the consistent system performed tasks more quickly, recalled
system procedures almost perfectly, and correctly inferred untried procedures. Users in the
consistent group also had greater confidence in their abilities to use the system.

Kellogg’s conclusions were similar to Payne and Green’s (1986) findings that
consistency in system design allowed users to generalize rules and actions from known
procedures to novel tasks. Payne and Green concluded that consistency can impact the
performance of users without users knowledge. In an experiment on syntactic consistency,
Payne and Green (1986) found that a high-level consistent syntax for three types of tasks
was the easiest to learn of three syntax structures tested. A second design incorporating two
rule structures used in the same tasks was harder to learn than a design with a distinct
command structure for each category. The ability to use a consistent set of syntax in a
variety of tasks proved to be the most effective method for inter-application consistency.

In conclusion, consistency and its effect on the creation of usable interface designs is
defined poorly and not well understood. The general viewpoint is that consistency is good,
but it is not known how to determine where and in what context something should be
consistent. Also, the use of information from users in a software design process is
warranted, but knowing when to ask for their input and what questions should be
addressed has not been adequately researched. The present research looked at how

subjective and objective performance differ in graphical user interfaces.

2.3 Objective

The present research addressed the following question concerning consistency in graphic
user interface design.
How do time, keystroke and subjective measures differ with variations in
the consistency of an interface?
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CHAPTER

3

METHOD

3.1 Participants

A screening test was administered to 112 “experienced” users to determine their level of
proficiency on a Macintosh computer. A priori assumptions were not made about the
participants’ level of expertise, although experience with the Macintosh and HyperCard
was required to pass the screening test. The screening test was designed by human factors
engineers and pilot participants during the iterative design of the control version of the
application. Passing of the screening test was defined as the top scoring 33 participants that
were administered the test. This screening test is outlined in Appendix A. The questions
were chosen to represent an experienced Macintosh user’s knowledge.

Thirty-three participants (29 males and 4 females) volunteered for the actual experimental
study. Each participant spoke English as their native language, and read and signed an
informed consent form (Appendix B). Sixteen undergraduate students, 12 graduate
students, 3 faculty members, and 2 staff members from Virginia Polytechnic Institute and
State University (VPI) participated. Participants possessed an average of approximately
four years of experience with Macintosh computers. The age of participants ranged from 18
to 39, with a mean age of 25 years.

Each subject participated for approximately 2-1/; hours in one session, not including the

screening test. Participants received compensation of software (15 disks of shareware), or
six disks and six dollars.
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3.2 Materials and Apparatus

Three versions of an application were created using SuperCard 1.5. Hardware consisted
of a Macintosh IIfx with a Radius high resolution color monitor (1152 x 882 pixel
addressability), an 8-bit color board, 8 megabytes of RAM, and an Apple mouse. The
System (v. 6.0.5) operated in the MultiFinder mode. The application, called “The Personal
Organizer,” included a datebook, notepad, calendar, facsimile transmitter, address book,
area-code finder and telephone dialer.

Functionally, all versions of the application performed the same operations. The
consistent version had “no” inconsistencies. It was refined and iterated by human factors
engineers and graphic designers from the Eastman Kodak Company in Rochester, NY,
human factors graduate students from VPI, and the author. This was done by designing the
control version to follow existing guidelines (Apple, 1987; Apple, 1989). Twelve pilot
participants from the Eastman Kodak Company and VPI, each having 5 to 15 hours of
experience with the application, were used to refine the consistent version.

The two inconsistent versions embodied unique sets of inconsistencies. Appendix C
outlines the differences between the three versions of the interface. Some inconsistencies in
Appendix C were similar in both inconsistent versions of the interface — in other cases it
varied between all three versions. Sometimes a consistent “state” could only have one
inconsistent state. For example, the Find function remembered the previously found word
in the consistent version. In the inconsistent versions, the Find function did not remember
the previously listed text. Both inconsistent versions varied similarly in this

“inconsistency.”

A modified Questionnaire for User Interface Satisfaction (QUIS) was used to rate the
interfaces after participants completed each of the three sets of tasks (Chin, Diehl, and
Norman, 1988). Bowers (1990) cited others that reported users of the QUIS were not
reading every question when the scale ranged from left to right (negative implication to
positive). The questions were bipolar semantic differentials on a 1 to 7 rating scale. Bowers
modified the structure of the scale without changing the questions. Bowers concluded that
users were more thoughtful in their answers. Therefore, the order of the questions and the
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position of the positive and negative anchors to the scale were randomly assigned for each
questionnaire used in the experiment. All participants received the three questionnaires in
the same order (See Appendix D for a sample of the questionnaire). The questions were

used to determine if consistency affected the opinions of the participants.

Upon completion of the three sets of tasks and questionnaires, an additional set of
subjective measures consisting of bipolar scales and interview-style questions were
administered (Appendix E). These measures were for research in progress and were not
analyzed in this experiment. However, they are included for completeness. Bipolar scales
were used to collect preference data for the application and the interface. An unstructured
set of 22 questions at the end of the experiment were used to elicit information about
specific attributes of the treatment version that may have been missed by the bipolar scales.
The answers were used to assess the type and number of inconsistencies identified by the
participants. Additional questions were asked to obtain the subject’s age, type of computer

use, and computer experience.

3.3 Experimental Design

Participants were assigned randomly to a group (Figure 3). The first set of tasks (a set
has two blocks of eight tasks and a questionnaire) lasted approximately 60 minutes. The
next two sets lasted approximately 30 minutes each, with rest periods after every block.
The blocks of tasks were similar across sets. For example, one type of task was for placing
a name, address, and phone number in the Address Rolodex, but each occurrence used a
different name, address, and phone number. The blocks were presented in a random order

for each participant, as were tasks within Blocks.

Although the sets of tasks were identical, the two blocks of tasks within each set were
intentionally different. The types of tasks found in each block are defined in Table 4. A
complete listing of the 48 tasks used in the experiment is presented in Appendix F. There
were three reasons for choosing a variety of tasks. First, participants would become more
familiar with the extent of consistency in the interface when exposed to a variety of tasks.
Second, by having tasks repeated infrequently, participants would become less bored.
Third, participants also could learn about more of the interface without being able to
anticipate tasks.
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