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Abstract of Dissertation Presented to the Graduate School
of the University of Florida in Partial Fulfillment of the
Requirements for the Degree of Doctor of Philosophy

EFFECTS OF FIELD INDEPENDENCE, COMPUTER EXPERIENCE,
AND DYNAMIC PICTORIAL ONLINE HELP PRESENTATIONS ON

LEARNING APPLICATION FUNCTION IN A GRAPHICAL USER INTERFACE

By
John Gordon Tyler

December 1993

Chairman: Lee J. Mullally
Major Department: Instruction and Curriculum

The graphical user interfaces of modem computer applications use dynamic pic¬

torial elements to represent application functions. Online help messages assist users

learning to operate those functions. Online help, however, rarely incorporates pictorial

elements. Instructional message design and visual learning theories suggest that pictori-

ally encoded messages should result in greater learning than purely verbal help messages.

H. A. Witkin's theory of cognitive style suggests that learners with greater field indepen¬

dence will perform better in complex visual environments, such as those found in

graphical user interfaces. Some researchers suggest that prior computer experience is the

most important determinant of performance in an unfamiliar human-computer interface.

This study was conducted to examine the effects of individuals' level of field

independence and prior computer experience on application task performance in a

graphical user interface. This study also investigated Aptitude x Treatment interaction

effects between computer users' cognitive style (field dependence-independence) or their

level of computer experience and the use of dynamic pictorial message elements in online

help messages.
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From a population of university business college students, 38 volunteer subjects

were randomly assigned to one of two online help treatments: text-only help or text-

with-motion-video help. The two help treatments were identical except for the addition

of digital motion video segments. Field independence was measured using the Group

Embedded Figures Test. Computer experience was assessed using the Computer Experi¬

ence and Competence Survey. Time in help was measured as the total time online help

messages were displayed during training. These variables were applied as covariates in a

multiple covariance analysis. Performance on computer application tasks was the

dependent variable. Subjects completed an individualized computer-based training

regimen including a pretest, twelve lessons covering system and spreadsheet application

functions, and a posttest.

The results showed that subjects with higher field independence had significantly

higher task performance scores than subjects with lower field independence. Also, sub¬

jects with more computer experience had significantly higher performance scores than

those with less prior experience. No significant differences in performance on application

tasks resulted from the addition of dynamic pictorial message elements in online help.

The results of this study may contribute to the design of adaptive human-computer inter¬

faces and online help systems.
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CHAPTER 1
INTRODUCTION

The goal of this study was to investigate the effects of aptitude differences

among individual computer users and the effects of dynamic pictorial message presen¬

tations in computer-based instruction (e.g., online help). Two distinct characteristics of

computer users, cognitive style (measured as field independence) and computer experi¬

ence, were examined to determine whether relationships exist between these

characteristics, the presence of pictorial message content in online help, and perfor¬

mance on computer tasks. Specific research questions were raised to examine the

effects of computer users' cognitive styles and levels of computer experience on their

performance on application tasks in a graphical user interface (GUI). In addition, this

study was designed to determine whether Aptitude x Treatment interaction (ATI) effects

occurred between either cognitive style or prior computer experience and the presence

of dynamic pictorial message elements in online help.

Statement of the Problem

The human-computer interface (HCI) provides an environment for the interac¬

tion between a human user and the dynamic operations of a computer. A graphical user

interface, one class of HCI, uses a variety of pictorial message elements in addition to

verbal elements (text) to represent computer states and functions (Horton, 1990; Shnei-

derman, 1983). A computer state, or processing condition, may be verbally described

using text message elements, or it may be visually presented by encoding with static or

dynamic pictorial elements.

Learning to recognize computer states and manipulate computer functions often

requires learning from information displayed online, in the form of system or
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application help messages. Online help messages typically consist of text messages that

explain a function, state, or procedure. Although computer states and functions are

routinely represented in a GUI using dynamic, pictorial elements, online help messages

rarely incorporate pictorial message elements.

instructional message design principles suggest that the modality of message

elements employed during instruction should be the same as the modality found in per¬

formance situations (Fleming & Levie, 1978). Instructional message design theory also

suggests that the better a symbol system conveys the critical features of a concept or

task, the more appropriate it is during instruction (Salomon, 1978). Reinforcing infor¬

mation presented verbally with appropriate visuals has been shown to result in

significantly greater learning over presenting verbal messages alone (Fleming, 1987).

Research on the cognitive style dimension field dependence-independence has

shown that subjects who tend to be more field-independent identify and distinguish

objects in a complex visual field more readily than less field-independent subjects

(Witkin, Moore, Goodenough, & Cox, 1977). Additional studies by Witkin et al. (1977)

have shown that a learner's verbal abilities are only marginally correlated with his or

her level of field independence. These findings suggest that when using an unfamiliar

graphical interface, users with higher field independence should perform better than

users with lower field independence. According to Witkin's theory, this would result

from increased comprehension of the complex visual environment by individuals with

higher field independence.

Comparative expertise research has shown that when introduced to new com¬

puter systems or applications, computer users differ widely in initial performance,

depending primarily on the extent of their prior computer experience, and to a lesser

degree on the difference between the type of interface encountered previously and the

one being introduced (Whiteside, Jones, Levy, & Wixon, 1985). These findings suggest
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that with increased prior experience, where the potential for computer operation skill

transfer exists, initial performance will be higher than without prior experience.

The problem addressed by this study was the lack of experimental evidence to

demonstrate theoretically anticipated effects of field independence and computer expe¬

rience on learning application functions in a GUI. In addition, there was a lack of

evidence regarding what effects the use of dynamic pictorial message elements in online

help information would have on learning application functions in a GUI.

Prior research has not provided clear answers to the following instructional

design and human-computer interface design questions: Does either the user's level of

field independence or level of computer experience moderate the effectiveness of spe¬

cific message designs for online help? In particular, does a user's level of field

independence interact with varying levels of pictorial content in online help to influence

performance on tasks in a GUI? Would the extent of a user's prior computer experience

interact with varying levels of pictorial content in online help to influence performance

on application tasks? Would certain combinations of field independence and computer

experience interact in unique ways with the presence of dynamic pictorial elements in

online help to influence performance on tasks? This study was designed and conducted

to answer these questions.

Need for the Study

Graphical User Interfaces and Visual Learning

Pictorial or graphical user interfaces have been rapidly replacing textual inter¬

faces as the primary means for manipulating computer system and application functions.

By representing state and function using nonverbal graphical elements (both static and

dynamic), graphical user interfaces have achieved greater expressive power than text-

based user interfaces (Horton, 1990). By improving the fidelity of representation for

computer state and function, graphical user interfaces may improve computer users'
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ability to learn and control a wider range of functions than would be expected when

text-based user interfaces are employed.

Online help systems display documentation for computer operations and appli¬

cation functions via video display devices. Online help messages consist primarily of

textual (verbal-digital) message elements that verbally describe the help topic. Online

help messages rarely incorporate pictorial (visual-iconic) elements that visually illustrate

the help topic. This would be an appropriate design for help messages in a primarily

textual user interface. Instructional message design principles suggest, however, that

online help messages describing the use and manipulation of visual-iconic elements in a

GUI should also contain visual-iconic elements that refer to and depict the computer

operations and application functions. Specifically, Fleming and Levie (1978) stated:

"In general, the modality used in the final testing or application situation should be the

modality employed during instruction" (p. 106). Affirming the utility of this principle

applied to the design of online help messages was one goal of this study.
As computer users interact with their systems using graphical, direct-

manipulation techniques, learning computer functions shifts from a primarily verbal

paradigm to an increasingly visual one. Strong verbal language skills cease to be the
sole aptitude required for successful learning and competent task completion. Visual,
nonverbal cognitive skills should take on added value and have greater influence on

concept attainment. This expectation follows from Paivio's dual-coding theory and has
been supported by research on the use of graphics in human-computer interfaces

(Rieber, 1990; Rieber & Kini, 1991).

Two aspects of dual-coding theory are important when considering online help

message design. First, verbal and visual cognitive mechanisms are interrelated; their

learning effects are symbiotic. That is, information that is coded in both verbal and

visual modes is remembered more readily and more accurately than information

encoded in only one mode (Fleming, 1987). Dual-coding theory also suggests that
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visual stimuli are encoded more frequently in both modes than are verbal stimuli, thus

strengthening the value of visual, nonverbal stimuli for instruction.

Visual learning theory differentiates between presentations using static and

dynamic graphical presentations. Graphics have been shown to be effective attention-

gaining devices (Rieber & Kini, 1991). When appropriately designed, graphics may

enhance learning during computer-based instruction. Animated, or dynamic, graphical

images are fundamentally different from static graphics. Animation in computer-based

instruction involves rapidly updated computer screen displays, presenting an illusion of

motion. Because computer states and functions are themselves dynamic, their pictorial

or iconic representations in graphical user interfaces may be animated at appropriate

times. Just as online help presentations should incorporate the pictorial elements found

in graphical user interfaces, these elements should be appropriately animated to provide

a more effective representation of the computer state and function (Rieber, 1990).

Individual Characteristics and Performance in HCI

Prior research has documented significant variability of performance when users

are first introduced to unfamiliar computer systems and applications (Pocius, 1991;

Whiteside et al., 1985). Although many potential sources exist for this variance, and

while most sources have not been reliably measured, human-computer interaction

research has become increasingly focused on identifying the factors involved. For

example, HCI researchers have reported effects of general intelligence, prior computer

experience, cognitive style, academic background, and age on computer-based learning

outcomes (Pocius, 1991). Among the individual characteristics found to influence per¬

formance during computer-based instruction, two were selected for further examination

in this study: (a) cognitive style and (b) computer experience.

Cognitive style. In a review of field dependence-independence research (Witkin

et ah, 1977), four essential characteristics of cognitive style were described. Cognitive

style (a) refers to individual differences in how people perceive, solve problems, and
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learn; (b) is a pervasive dimension that influences one's personality, not only one's

cognitive processes; (c) is stable over time, although it may be manipulated or altered

over time; and (d) is a bipolar dimension, where "...each pole has adaptive value under

specified circumstances, and so may be judged positively in relation to those circum¬

stances" (p. 16).

Witkin’s research has identified field dependence-independence as the cognitive

style dimension most widely investigated and systematically applied to educational

problems. His theory of cognitive style was not intended to narrowly categorize indi¬

viduals as "field-dependent" or "field-independent." Rather, these terms have been used

as convenient, if somewhat misleading, labels for extremes of performance on percep¬

tion tests (e.g., the Group Embedded Figures Test). In defining field dependence-

independence, Witkin et al. (1977) made the following assertion:

Because scores from any test of field dependence-independence form a
continuous distribution, these labels reflect a tendency, in varying degrees
of strength, toward one mode of perception or the other. There is no
implication that there exist two distinct types of human beings, (p. 7)

In describing individuals' cognitive styles, Witkin et al. consistently referred to

relative, rather than absolute, characteristics. For example, "relatively field-independent

persons have been found more likely to impose structure spontaneously on stimulus
material which lacks it” (1977, p. 9), and "the relatively field-dependent person tends to

adhere to the organization of the field as given" (p. 9). An individual's ability to per¬

ceive structure in a complex graphical computer application and the ability to correctly

interact with that application could be expected to correlate positively with that

individual's degree of field independence.

Computer experience. A user's prior computer experience can dramatically

influence performance in a new, unfamiliar human-computer interface. In comparative

expertise research, performance differences between novices and experts have been

analyzed with regard to how they performed in problem solving situations (Lesgold,
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Gabrys, & Magone, 1990), or on other cognitive operations such as memory and per¬

ception (Aster & Clark, 1985). Whiteside et al. (1985) demonstrated consistent

differences between expert and novice computer users' performance on tasks in familiar

and unfamiliar user interfaces. They observed that as users' familiarity with the type of

interface increased, the higher their performance tended to be. User knowledge of

computers, in most cases directly derived from experiences using them, has been cited

as the most significant factor affecting performance on computer tasks (Moran, 1981).

Aonlving ATI Research to Online Help Design

Aptitude x Treatment interaction research is appropriate where the instructional

design problem involves determining how the elements of an instructional message

might affect learning for certain individuals under certain task conditions (Clark &

Salomon, 1986). In the design of online help messages, for users differing along

dimensions of cognitive style and computer experience, an instructional designer must

determine the level of information abstraction and the combination of media attributes

to apply to maximize user performance.

The general and specific effects that aptitudes such as field independence have

across a variety of instructional treatments need to be better understood. ATI research

techniques may be usefully applied to investigate such effects. Snow and Lohman

(1984) described the goal of theories of instructional treatment design: "There was a

clear prescriptive goal for such a theory. It was the design of an adaptive instructional

system . . . [providing] alternative instructional treatments to fit the major differences in

aptitude profiles among students" (p. 350).

One of the advantages of computer-based instruction, including online help

information, is its potential to adapt each presentation to the aptitude and ability char¬

acteristics of the individual learner. Where these characteristics can be reliably

measured and are clearly understood, instructional design principles may be applied to

adjust the presentation to optimize the fit between the learner and the lesson. Before
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proceeding to design and validate adaptive instructional systems; however, principles

defining relationships between learner characteristics and specific instructional treatment

variables must first be identified and their reliability established. This has been a fun¬

damental research objective of instructional designers developing intelligent tutoring

systems (Perez & Seidel, 1990; Wiggs & Perez, 1988). This study was designed to

identify and measure specific ATI effects and to contribute toward the design of future

adaptive instructional systems.

Another goal of this research was to test the validity of instructional message

design principles based on Paivio's dual-coding theory applied to the design of online

help in a GUI. In addition, this research attempted to determine whether Aptitude x

Treatment interaction effects exist between an individual user's cognitive style or level

of computer experience and the use of pictorial messages in online help. Evidence

relating to such interaction effects has been systematically collected and examined in

this study.

Definition ofTerms

The term graphical user interface implies more than the use of a graphics display

terminal to present a human-computer interface. There are four key aspects to the

design and operation of a GUI: (a) the technique of direct-manipulation is broadly

applied; (b) the state of data and program objects is consistently represented using

nonverbal, pictorial (iconic) symbols; (c) changes in system states of interest to the user

are visually perceivable when they occur; and (d) functions that cannot be controlled

using pictorial symbols are accessible using textual menus of consistent structure and

organization (Shneiderman, 1983).

The term field dependence-independence has been applied by Witkin et al.

(1977) and many other researchers to designate a dimension of cognitive style. Witkin

et al. described this trait as "the extent to which the person perceives part of a field as

discrete from the surrounding field as a whole, rather than embedded in the field ... or,
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to put it in everyday terminology, the extent to which the person perceives analytically"

(p. 7). Further, they described field dependence-independence as "a broad dimension of

individual differences that extends across both perceptual and intellectual activities"

(p. 10).

In general terms, experience has been defined as knowledge or skill gained

through activity or practice. The term computer experience has been used in this study

to refer to both the extent of prior computer interaction activities and the types of prior

computer interaction experience (e.g., interaction with different types of user interfaces,

computer applications, and systems). Fur thermore, computer experience is operationally

defined in this study as the score obtained on the experience scale of the Computer

Experience and Competence Survey.

Pictorial message elements are the structured components of an information

display, comprised of organized visual-iconic symbols, and designed to convey specific

meaning. Pictorial (visual-iconic) symbols also are differentiated from textual

(verbal-digital) symbols. Pictorial message elements may be either static or dynamic.

Dynamic pictorial elements periodically or continuously change in appearance, whereas

static pictorial elements have fixed visual appearance. In this study, digital motion

video playback sequences were used to operationalize dynamic pictorial message ele¬

ments within the instructional treatment.

Hypotheses

This study was designed to answer several research questions relating to a

learning situation in which computer-based instruction was implemented using online

help displayed in a GUI, where the GUI was unfamiliar to the users, and where the

instruction was systematically varied by adding dynamic pictorial elements to text-based

help displays. The research questions were stated in the form of the following null

hypotheses:
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1. No significant differences in application task performance result from a

three-way interaction among field dependence-independence, prior computer experience,

and the presence of dynamic pictorial message content in online help.

2. No significant differences in application task performance result from an

interaction between prior computer experience and the presence of dynamic pictorial

message content in online help.

3. No significant differences in application task performance result from an

interaction between field dependence-independence and the presence of dynamic picto¬

rial message content in online help.

4. No significant differences in performance on computer application tasks exist

between subjects viewing text-only online help and subjects viewing online help con¬

taining text and dynamic pictorial elements.

5. No significant relationship exists between prior computer experience and a

computer user's performance on computer application tasks in an unfamiliar GUI.

6. No significant relationship exists between field dependence-independence and

a computer user's performance on computer application tasks in an unfamiliar GUI.

Assumptions and Limitations

The hypotheses given above state the core questions of this research. In

attempting to find answers to these research questions, a number of assumptions were

made and certain limitations were accepted which constrained the research problem and

the generalizations which might be made regarding the results. These assumptions and

limitations are discussed in detail below.

Variance ofTreatment Duration

The time that subjects spent using online help messages was another, potentially

confounding variable in this study. The use of online help, and the selection and dis¬

play of dynamic pictorial elements, was entirely subject to individual user control and
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discretion during task completion. The use of online help by subjects participating in

this study was assumed to be representative of their use of help in similar computer

application learning tasks. The between subjects variance of the use of online help was

statistically controlled by treating time in help as a concomitant variable in the analysis
of covariance.

Population Sampled

The subjects for the experiment were sampled from an adult population of pri¬

marily undergraduate university students enrolled as business college majors. This

population was expected to exhibit a unique and characteristic distribution of cognitive

style and computer expertise. The generalization of results in this study has therefore

been restricted to this population. Caution should be used in generalizing any results

from this study to other populations.

Task Motivation

The computer application and the nature of application tasks were selected to be

meaningful and relevant to the sample population. Individuals from the sampled popu¬

lation (business majors at a university) were required to demonstrate competencies in

computer operations, specifically spreadsheet applications. In addition, tasks were

arranged in a sequence such that the completion of each task was one step toward a

project goal (e.g., creating and printing a graphical representation of a small company's
annual balance sheet data). The tasks, therefore, had intrinsic incentives that were

expected to increase subjects' motivation to leam the operations of the computer system

and to complete application tasks.

Novelty Effects

The computer-based instructional treatments (online help messages) were

assumed to involve a degree of novelty because the sample was comprised of students
with varying computer experience, but who had no prior exposure to the computer
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system used—IBM Operating System/2 1 version 2.0 (OS/2)—and its direct-manipulation

GUI. At the time of this study, this version of OS/2 was a new product with many new

features, particularly with respect to the design and operation of its GUI. Novelty

effects may have also derived from the use of digital motion video technology to

present the dynamic pictorial message elements in online help. The presence of these

novelty effects was considered when describing and characterizing the results of this

study.

Summary

Principles of instructional message design should be carefully applied to the

design of online help in human-computer interfaces. Where these interfaces employ

direct-manipulation techniques and rely on the use of pictorial (visual-iconic) symbols

to represent computer state and function, online help should also employ similar pre¬

sentation symbologies. For some individuals, learning should improve as the

instructional conditions more closely resemble the criterion task performance condi¬

tions. These learning benefits, however, may be altered or limited by individual

differences.

Computer user characteristics, particularly cognitive style and computer experi¬

ence, may influence learning and performance in the human-computer interface. The

combination of specific online help designs with these user characteristics may result in

detectable Aptitude x Treatment interactions. Detailed understanding of such ATI

effects may prove to be useful in the design and development of adaptive, computer-

based instructional systems. This study was designed to identify and measure

relationships that exist among the online help message design variables and the user

aptitude variables (computer experience and field dependence-independence), and to

1 Operating Svstem/2 and OS/2 are registered trademarks of International Business
Machines Corporation.
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recommend directions for future research on related problems of instructional design for

human-computer interfaces.



CHAPTER 2
REVIEW OF LITERATURE

Overview

This study was designed to examine the effects of field independence and com¬

puter experience on application task performance in an unfamiliar graphical user

interface (GUI). This study also was designed to investigate whether Aptitude x

Treatment interaction effects occur between computer users' cognitive style (field

dependence-independence) or prior computer experience and the use of dynamic picto¬

rial message elements in online help messages. The research questions addressed by

this study were derived from an examination of theories contributing to research on

instructional message design, human-computer interaction, cognitive styles, and com¬

puter expertise. This chapter describes these theories and where they intersect,

identifies issues raised in previous research, and summarizes the body of literature rel¬

evant to the research questions addressed by this study.

Instructional Message Desiun for Visual Leaminn

Modality in message presentation refers to the sensory modes utilized to convey

meaning. One principle of instructional message design states that "the modality used

in the final testing or application situation should be the modality employed during

instruction" (Fleming & Levie, 1978, p. 106). This principle is relevant to the design of

online help where the criterion tasks require performance in a highly pictorial or

graphical human-computer interface. It suggests that instruction (e.g., information pre¬

sented in online help) should incorporate supporting pictorial message elements together

with textual elements.

14
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The symbol systems used to convey information during instruction differ in their

capacities to support the extraction of meaning (Salomon, 1978). The better a symbol

system can convey the critical features of an idea or event, the more appropriate it

should be for instruction. In a direct-manipulation user interface, where tasks involve

the manipulation of iconic visual symbols, the online help should directly incorporate

those iconic symbols, rather than simply refer to them with verbal descriptions.

Dual-Mode Theories

Dual-mode theories suggest, and evidence supports the argument, that repeating

verbal information with visuals results in significantly greater learning over verbal

messages alone (Fleming, 1987). Dual-coding theory contends that two independent

information encoding mechanisms exist. One stores and processes information as ver¬

bal codes while the other stores and processes information as visual images. These two

modes also are referred to as analytic and analogic modes, respectively (Clark &

Salomon, 1986).

Paivio's dual-coding theory of visual learning clearly suggests that to support

construction of an adequate mental model of the computer system and its operations, the

online information should attempt to present messages describing those operations using

visual, nonverbal stimuli in addition to textual, verbal stimuli (Rieber & Kini, 1991).

Both static and dynamic visual stimuli may be incorporated into the online messages.

Because a direct-manipulation GUI is inherently a dynamic pictorial display, it follows

that adding dynamic pictorial message elements to online help would enhance its effec¬

tiveness. This study was designed in part to examine certain effects of using dynamic

pictorial message elements in online help.

Dynamic Pictorial Message Elements

Dynamic pictorial message elements may be incorporated into online help using

various techniques, such as animated graphics or motion video windows. The use of
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animated graphics in computer-based instruction is becoming increasingly common

(Horton, 1990; Rieber, 1990). Instructional message design principles suggest that

where temporal or directional concepts are being taught, dynamic pictorials may be

used to visually portray these concepts and this will improve learning (Rieber & Kini,

1991). Operating a computer system with a GUI requires understanding the visible

motion of dynamic pictorial symbols in the user interface. It follows that the use of

dynamic pictorials in online help may improve task performance in the GUI. This

study was designed to measure the effects of dynamic pictorial elements by incorporat¬

ing digital motion video segments into online help messages.

Instructional message design principles suggest that instruction should incorpo¬

rate dynamic pictorial symbols wherever such symbols are employed in a task

environment, to support the extraction of meaningful information relevant to that task

environment. These principles have not been tested, however, with respect to the design

of online help in direct-manipulation interfaces. One goal of this study was to evaluate
the utility of the dual-coding theory as applied to learning application operations in a

graphical user interface.

Human-Computer Interface Desiun

Direct-Manipulation and Nonverbal Literacy

Graphical user interfaces were developed to allow the computer user to more

directly manipulate an interactive computer system's state, instead of relying on com¬

mand language interpreters (Shneiderman, 1983). The manipulation of visual iconic

symbols displayed by the computer, using visual tools (e.g., an arrow pointer), results in

an immediately visible change in system state. This is the central principle of direct-

manipulation interface design. It requires the real-time animation of iconic display

elements that are mnemonics for system or application states and functions. These

visual iconic symbols appeal' to the user to represent controls that operate functions of
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the computer which otherwise would be invisible and more difficult to understand and

manipulate.

Learning to control computer functions in a GUI involves different cognitive

processes than are required of a user learning the same functions in a textual, command

language user interface. This follows directly from research on verbal and nonverbal

literacy (Sinatra, 1986). A learner's perception and memory of the syntax and semantics

of verbally encoded messages depends on verbal language skills, which are sequential

and analytical in nature. On the other hand, the perception and memory of spatial-

temporal manipulation of pictorial elements depends on visual and kinesthetic processes,

which are holistic and analogical in nature. This contrast between analytical (verbal)

and holistic (nonverbal) processes also has been presented as the fundamental determi¬

nant of cognitive style differences (Miller, 1987). Thus, a theoretical link can be

proposed between dual-coding theory and cognitive style theories. This link provides a

basis for this study.

Symbol Systems and Mental Models

An instructional message design that is appropriate for teaching the skills

required in a verbal command language interface may be inadequate or inefficient for

teaching the skills required in a predominantly iconic interface. This derives from

Salomon's theory of media attributes. "The closer the match between the communica-

tional symbol system and the content and task-specific mental representations, the easier

the instructional message is to recode and comprehend" (Clark & Salomon, 1986,

p. 468).

Learning to manipulate a computer system's functions requires the user to

develop an internal representation, or mental model, of the system (van der Veer, 1990).

A mental model may be based largely upon propositions encoded verbally, as would be

expected for users of a command language interface, or it may be based predominantly

on analogical images. An effective mental model should parallel the organizational
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metaphors depicted in a GUI. Factors that influence the development of these mental

models are significant determinants in the design of user interfaces. The ease with

which a user creates an adequate mental model of a computer system or application

largely determines the productivity that user will be able to achieve.

The formation of mental models while learning computer functions in a graphi¬

cal user interface depends more heavily on analogical, rather than analytical,

information processing. Individual differences in cognitive style, particularly field

dependence-independence, are characterized by differing tendencies to exercise analyti¬

cal information processing. This theoretical link between cognitive style and

construction of mental models provides a basis for a deeper understanding of how field

independence may influence performance on tasks in a GUI.

Direct-manipulation user interfaces support formation of visual as well as verbal

mental models, which computer users may construct to help them manipulate system

and application functions. The ability of users to form correct mental models has been

demonstrated (van der Veer & Wijk, 1990). Performance on application tasks in a GUI

is believed to depend on the user's ability to form effective mental models. To the

extent that online help can be designed to facilitate this ability, performance should

improve.

Cognitive Style Effects

The Dimensions of Cognitive Style

Cognitive styles are psychological dimensions that represent consistent tenden¬

cies in an individual's manner of acquiring and processing information. Gregorc (1984)

indicated that "stylistic characteristics are powerful indicators of deep underlying psy¬

chological forces that help guide a person's interactions with existential realities"

(p. 54). Many dimensions of cognitive style have been reported. Canelos, Taylor,

Dwyer, and Belland (1988) summarized nine different cognitive style dimensions.
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Miller (1987) employed an information processing model of cognition in his analysis of

eight dimensions of cognitive style. The most compelling and authoritative research on

cognitive styles, however, has been conducted regarding the dimension of field

dependence-independence, which has been extensively studied by Herman A. Witkin

and his associates.

Field Dependence-Independence (FDD

Begun in 1941, Witkin's research into the human phenomenon of field indepen¬

dence has been extensively reviewed, extended, and broadly applied. Witkin's early

research detected significant individual differences in perceptual abilities, particularly

the ability to perceive an upright object embedded in a tilted frame (Witkin et al.,

1977). The concept of field dependence-independence was first described by Witkin in

1954 (Canelos et al., 1988).

The process of attention is the selective focusing of conscious mental activities.

Research shows that there are both deliberate and automatic forms of attending to

stimuli, and that there is evidence for individual biases toward relying on one form or

the other. Individual differences in selective attention have been found using various

tests to measure field dependence-independence. As measured with the Embedded

Figures Test (EFT), relatively field-independent persons exhibit deliberate attention

focusing and an ability to disembed an item from an organized context of distracting
cues. Relatively field-dependent persons, on the other hand, exhibit a deficit in this

regard or a tendency toward relying on more automatic attention processes (Miller,

1987).

When compared to more field-independent learners, relatively field-dependent

learners are less able to identify discrete objects in complex visual fields, but are better

able to perceive and identify patterns in complex visual fields (Witkin et al., 1977). In

their work defining this dimension of cognitive style, Witkin et al. elucidated the bipo¬

lar, process-oriented, enduring, and pervasive characteristics of cognitive style.
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Although other dimensions of cognitive style, such as impulsivity-reflectivity, also are

being investigated with respect to performance on tasks involving computers (van Mer-
rienboer, 1988, 1990), the FDI dimension is overwhelmingly the most frequently
studied.

Cognitive Style and Comnuter-Based Learning

Many researchers have investigated relationships between the level of field

dependence-independence of computer users and various aspects of their performance
when learning with or from computers (Burwell, 1991; Canelos et al., 1988; Canino &
Cicchelli, 1988; Cathcart, 1990; Cavaiani, 1989; MacGregor, Shapiro & Niemiec, 1988;

Martin, 1983; Mykytyn, 1989; Post, 1987). Despite sometimes inconsistent findings,
the frequency and recency of these studies indicate that compelling purposes motivate
this research. Some of these studies were designed to detect Aptitude x Treatment

interaction effects between learner cognitive style and instructional treatments. One

objective of this study was to systematically measure relationships between cognitive

style and instructional message design variables.
Learners' cognitive style can significantly affect their ability to perceive,

remember, and apply declarative and procedural knowledge. Due to their greater ana¬

lytic capacity, relatively field-independent learners exhibit greater skill disembedding

simple visual stimuli embedded within a complex field. More field-dependent learners

perform relatively poorly at such tasks, due to their greater tendency to process infor¬
mation in a holistic manner. By identifying an individual learner's cognitive style,

computer-based instruction may adapt the presentation to the individual by appropri¬

ately varying certain instructional message design parameters under software control.

Researchers believe that this may significantly improve learning from computer-based

instruction (Canelos et al., 1988).
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Comparative Expertise Effects on Mental Models

Expert-Novice Differences

Experts and novices approach problem solving in different ways (Aster & Clark,

1985; Lesgold et al., 1990). Some researchers have suggested that the underlying con¬

ceptual model in a GUI, evident to expert users, is undetected or misinterpreted by

novice users. These expert-novice differences refer specifically to differing levels of

experience, not to different levels of general intelligence (Aster & Clark, 1985; Mestre

& Touger, 1989).

HCI research also suggests that cognitive processes employed by computer users

early in the use of a new user interface differ from those used later. This may result

from changes in the nature of tasks presented (e.g., tasks become more complex and,

therefore, more difficult) or because users develop new task completion strategies over
time as their expertise increases (Chiesi, Spilich, & Voss, 1979). Another explanation is

that the user's mental models gradually become more complete and accurate (van der

Veer & Wijk, 1990).

Whiteside et al. (1985) found that the performance of users who differ in prior

computer experience was consistent across several different user interfaces. Regardless

of the user interface style presented, novice users with little or no prior computer expe¬

rience performed at the lowest levels. Those users with prior computer experience, but

not with the particular user interface tested, scored higher than novices regardless of the

interface. Those users who had extensive prior experience with the user interface being
tested performed consistently better than either novice users or those with experience in
a different user interface. This study was designed to examine the effects of prior

computer experience on learning application function when an unfamiliar user interface

is encountered.

Computer expertise is not, however, a single, monolithic dimension. At a

minimum, prior experience must be evaluated both in terms of extent (depth) and range
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(breadth). An expert user may have considerable depth of experience, yet be limited to

a single type of user interface or system and thus have limited breadth of experience.

An expert user with both depth and breadth of experience has worked on a variety of

systems with differing interface styles and has sufficient exposure to the operation of

each to be adept at manipulating and controlling many of its functions.

An expert user's experience is, however, rarely global or comprehensive. No

matter how extensive a user's experience, there are aspects of system function that may

never be explored. This is partially due to the complexity of modem computer systems

and partially due to limited user needs. Systems are designed to fulfill the requirements

of a wide variety of users, but each individual user requires only a subset of that

system's functions to perform the tasks at hand. As a computer user's tasks become

more varied and complex, the range of the user's experience with an interface will

increase.

In addition, user experience level is not a stable factor. Whenever a user

engages in a new type of task, that user becomes more experienced (Aster & Clark,

1985; Federico, 1983). The changes that occur in the user during this progression

include becoming more consistent and precise, engaging in more complex forms of task

abstraction, using more automatized and internalized strategies for performance, and

becoming increasingly skillful in the application and interpretation of the rules for per¬

formance.

Mental Models and HCI Metanhors

A user's mental models of a computer system are continually being modified,

extended, and tested against the actual behaviors of the system (van der Veer & Wijk,

1990). Users differ in the style of representation that they apply to construct mental

models, either verbal, visual, or dual-mode styles. "The learning process that leads to

the mental model will be based on analogies to known situations and systems. The

learning process may be facilitated by providing adequate metaphors" (p. 195). In the
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case of direct-manipulation interfaces, visual metaphors are used in the interface design

and appear as pictorial elements which may be visually manipulated by the user. A

visual metaphor that extends a conceptual model assists with perceptual processing and

the formation of a correct mental model.

Comparative expertise research has demonstrated that experts and novices differ

in the way they perceive and solve problems. Research on expert-novice differences

has also shown that these differences are related to experience in a specific task domain

and are not a measure of general intelligence. The mental models possessed by novices

are marked by their simplicity and incorporation of surface features, while those pos¬

sessed by experts reflect greater abstraction and organization according to fundamental

principles related to the task domain. Visual metaphors presented using pictorial sym¬

bols can assist novice computer users with learning system function by supporting

formation of mental models.

Measuring Computer Expertise

One of this study's objectives was to examine the relationship between computer

users' prior experience and their ability to learn application functions in an unfamiliar

GUI. The selection or construction of an instrument to reliably measure computer

experience was therefore of primary importance.

Instruments for assessing computer literacy, experience, and knowledge have

been the subject of much research. During the past decade, computers have become

essential tools applied in nearly every occupation. As a result, public schools, colleges

and businesses large and small have had to determine the computer skills of their stu¬

dents and employees. However, development of instruments to measure computer

skills, knowledge, and expertise has lagged behind concurrent rapid changes in com¬

puter technology. Such tests are difficult to design and validate since the subject matter

and the skills to be evaluated are continually changing as computers rapidly evolve

(LaLomia & Sidowski, 1990).
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For this study, computer expertise was defined as the combination of an

individual's computer experience with that individual's computer knowledge or compe¬

tence. Experience with computers is acquired over time, is cumulative and incremental.

It relates the extent and type of computer usage the individual has engaged in, and is

typically measured using a self-reporting, survey-type instrument. Knowledge of, or

competence with, using computers is highly dependent on the specific computer systems

and programs involved, although this knowledge may transfer more or less well from

one system or program to another. Computer competence may be measured either by

administration of an objective test composed of cognitive knowledge items, or it may be

measured directly within the context of task-specific computer usage.

Published computer literacy, competency, and knowledge assessment instruments

have become outdated by the significant and rapid changes in computers and computer

applications. One area of computer skills and knowledge particularly exposed to rapid

change is the use of application programs such as word processors, spreadsheets, data¬

base systems, and graphical or drawing editors. Assessing expertise in the use of such

computer application programs requires measurement of performance on those aspects

of application software which impinge directly on the user's ability to control the

computer's function. Such control is exercised through an interaction dialog with the

computer via the human-computer interface. An instrument designed to measure com¬

puter expertise must have a component that measures the ability to interact with

software through a variety of user interfaces, both visual-iconic and verbal-digital in

nature.

Components of Expertise

The measurement of expertise-the quality or aptitude of being an expert within

a particular domain—must comprise the measurement of both experience and knowl¬

edge. Experience can be expressed in terms of frequency and duration of practice

within the domain. For computer user expertise, this may be expressed as a numerical
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value ranging from zero, indicating no experience, to some arbitrarily high value, indi¬

cating the highest experience level among the particular sample of individual users.

An equally important aspect of expertise is cognitive knowledge regarding the

functions of computer systems and applications and how the software may be operated.

Knowledge about computer systems and operations is frequently referred to as computer

literacy in the research literature on educational computing. In a review of six com¬

puter literacy and aptitude scales, LaLomia and Sidowski (1990) found all six had

defined computer literacy and operationalized their definitions in different ways. Items

testing knowledge of computer operations or applications appeared in most of these

instruments.

Both experience and knowledge were measured in the Computer Competence

Test developed for the 1986 National Assessment of Educational Progress (NAEP)

(Educational Testing Service, 1988). In creating the NAEP Computer Competence

Test, Martinez and his colleagues at ETS extensively and systematically developed 228

objective, multiple-choice items to measure computer experience and knowledge (Mar¬

tinez & Mead, 1988). These included items covering general knowledge of computer

systems, knowledge of four common types of computer applications, and knowledge of
two computer programming languages. Items designed to assess student attitudes
towards computers were also included. The test was administered to students in the

third, seventh, and eleventh grades during the 1985 to 1986 school year.

All of the published and privately available computer experience and computer

literacy instruments reviewed had serious content validity problems due to being pub¬

lished more than five years previous to this study. Thorough editing and revision would

have been required to improve the validity of these instruments. The Computer Com¬

petence Test developed for the NAEP was selected for use in this study as the most

comprehensive instrument. All the original NAEP test items were obtained from ETS.
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The selection of items used, the editing of item text, and other modifications to the

NAEP items made for this study are described in Chapter 3.

The measurement of computer literacy and expertise has become a subject for

much research in the past decade. The availability of valid and reliable instruments for

measuring computer expertise has been limited by the rapid changes in computer tech¬

nology and applications. Computer competence tests developed prior to the widespread

availability of graphical user interfaces would require substantive changes to accurately

measure expertise with current computer systems. The instrument used in this study to

measure computer experience was derived from the Computer Competence Test devel¬

oped for the 1986 National Assessment of Educational Progress.

Summary

This study was designed to investigate an apparent link between the theory of

field dependence-independence and the dual-coding theory of visual learning. This link
was predicated on a characterization of the mental processes for visual learning as being
more holistic-analogical than those for verbal learning. Research into the formation of

mental models by users of direct-manipulation computer interfaces provided a paradigm

for this investigation. Researchers have found that relatively field-independent com¬

puter users learn the operations of some computer interfaces more readily than do

field-dependent users. This suggests that field-independent users may develop mental

models more efficiently than field-dependent users. By manipulating the pictorial con¬

tent of online help messages, this study attempted to test whether users with different

levels of field independence would respond differently to varying levels of visual-iconic

content.

Prior computer experience has been identified as the most significant factor

contributing to successful performance in learning new human-computer interfaces.

This study examined the influence of computer experience on performance in an appli¬

cation where information about application operations was presented using online help.
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Instruments designed to measure computer experience, knowledge, literacy, and compe¬

tence have not kept pace with the rapid changes in human-computer interfaces. In order
to reliably determine the effects of computer experience on performance, instruments
that accurately measure experience must be developed. This study employed one such
instrument and attempted to demonstrate its validity and reliability.



CHAPTER 3
METHODOLOGY

Introduction

This study was conducted to examine the effects of field independence and

computer experience on learning computer application functions in an unfamiliar

human-computer interface. Students who were enrolled in a university-level business

curriculum completed a computer training session during which their use of online help

was observed and their performance on computer tasks was measured. In the training,

students were randomly assigned to one of two different online help formats. Online

help provided information on how to use the computer system and a spreadsheet appli¬

cation. One online help format displayed text-only information, while the other format

displayed dynamic pictorial elements in addition to text. The display of help messages

in both online help formats was under individual student control at all times. The

dependent variable was performance on application tasks in the training posttest.

A multiple covariance analysis was used to examine effects of the online help

format, prior computer experience, cognitive style (field dependence-independence), and

the amount of time in help on application task performance. This analysis also tested

for potential Aptitude x Treatment interaction (ATI) effects among field dependence-

independence, computer experience, and the display of dynamic pictorial content in

online help.

Before proceeding with this study a pilot study was conducted (Tyler, 1993).

The objective of the pilot was to validate the instructional materials and performance

measurement procedures and to collect data to support methodology decisions which

could not be made based solely on existing literature. Results of the pilot study that

28



29

directly influenced the design of this study are described where appropriate. This

chapter presents the experimental design, the population and sample, the assessment

instruments, the instructional treatments and materials employed, and the data collection

methods used in this study.

Experimental Desiun

A fully randomized experimental design with pretest-treatment-posttest sequence

was employed in this study. A random sample of 38 subjects was obtained from a

population of university students enrolled in an undergraduate business management

course. The subjects completed assessments for field independence and prior computer

experience. Each student in the sample was then randomly assigned to one of two

treatment conditions consisting of different online help formats. Both help formats

displayed identical textual information, while one displayed dynamic pictorial elements

in addition to the text. Each student completed individual computer training in the use

of a personal computer equipped with a direct-manipulation graphical user interface

(GUI) and a graphical spreadsheet application. The training consisted of a pretest, 12

training lessons, and a posttest. During the training, online help was the primary

instructional resource available to students. For the students to obtain information on

operating the computer system or the spreadsheet application, they had to activate
online help displays. At the completion of training, students' posttest performance

scores were analyzed using an analysis of covariance.

Analysis of Covariance

Data collected in this study were interpreted using a one-way analysis of

covariance (ANCOVA) with multiple covariates. This analysis was performed using an

ANCOVA hierarchical regression analysis technique (Cliff, 1987). This technique is

equivalent to multiple covariance analysis through multiple regression (Huitema, 1980).

In this multiple covariance analysis, the effects of the treatment factor (a categorical
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variable) and multiple covariates (interval scale concomitant variables) on the dependent

variable were determined using linear regression models. The use of ANCOVA in this

study had three purposes: (a) determine whether significant interactions had occurred

between the online help format and any of the covariates, (b) test the effects of the two

different online help formats on the dependent measure, and (c) examine the regression

relationships between the concomitant variables (covariates) and the dependent measure.

This approach for ANCOVA emphasized a linear regression analysis between the

interval dependent and independent variables, within each level of the treatment factor.

Independent variables. There were four independent variables in this analysis.

The two aptitude variables, field dependence-independence (FDI) and computer experi¬

ence (CEXP), were measured as interval scale random variables. FDI was measured

using the Group Embedded Figures Test (GEFT) (Witkin, Oltman, Raskin, & Karp,

1971). CEXP was operationalized as the score on the experience scale of the Computer

Experience and Competence Survey, which was developed for this study using items

selected from the Computer Competence Test of the 1986 National Assessment of

Educational Progress (Educational Testing Service, 1988).

Time in help (THELP), a third interval scale independent variable, was mea¬

sured using a computer software logging program. THELP reflected the accumulated

time, in minutes, that a subject displayed online help messages during the 12 training

lessons. The final independent variable was the online help treatment factor (TREAT).

TREAT was a categorical variable with two levels representing the two online help

formats to which subjects were randomly assigned. The first treatment level was text-

only help (TOH), wherein online help displays contained only textual information. The

second treatment level was text-with-motion-video help (TMVH), which displayed the

same text as TOH, but also displayed-when initiated by the subject—dynamic pictorial

message elements in the form of motion video windows.
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Dependent variable. The dependent variable in this analysis measured the

subject's performance on computer operation tasks in the direct-manipulation GUI.

Application task performance was computed as the training posttest performance score

(POST). The training posttest, administered at the completion of the training lessons,

was composed of three application tasks involving operation of a graphical spreadsheet

program. This performance measure accounted for both task completion accuracy and

time-on-task.

Despite its computational complexity, ANCOVA was the most appropriate ana¬

lytical procedure for this study. This was due primarily to the continuous nature of

measurements used to assess both field independence and computer experience (Cliff,

1987). Since interval measures on these aptitude variables were used, rather than con¬

verting the interval scores into levels of blocking variables, greater precision was

attained in determining the relationships between each aptitude variable and the depen¬

dent measure. Also, in evaluating the effect of the online help format, ANCOVA

reduced any unintentional bias in the comparison of treatment groups that might have

occurred as a result of experimental mortality or sampling fluctuations. Comparison of

treatment groups was done on the basis of adjusted group means rather than actual

group means. Adjusted means removed the within-group variance accounted for by the

regression of the dependent variable on each of the covariates. The adjusted treatment

mean differences could therefore be interpreted as independent of all variables used as

covariates (Huitema, 1980).

Assumptions for ANCOVA

There are several assumptions for the analysis of covariance, including those

which apply to analysis of variance. First, the observations must be independent. In

this study, treatments were individually administered, so this assumption was met.

Second, the dependent measure (POST) was normally distributed within each treatment

group, satisfying the assumption of normality of Y scores. Additional assumptions
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apply in a unique manner to ANCOVA and are discussed in detail in the following

paragraphs.

Homogeneity of regression slopes. This assumption for ANCOVA states that the

regression slopes of the dependent variable on any covariate must not be significantly

different between treatment groups. If the regression slopes associated with the various

treatment groups were not the same, it would mean that the ANCOVA model did not fit

the data. In that case, an alternative method such as the Johnson-Neyman technique

would have been required (Stevens, 1990). Testing this assumption was the first step in

the analysis technique applied in this study.

Homogeneity of variance. In ANCOVA, there should be no significant differ¬

ences in the distributions for each of the covariates between the different levels of the

treatment variable, particularly when group sizes are unequal (Stevens, 1990). In this

study, subjects were randomly assigned to one of the two online help formats. After

accounting for mortality effects, 18 subjects completed training in the TOH group while

20 subjects completed training in the TMVH group. Because this resulted in an unbal¬

anced design, a test of the homogeneity of variance was required.

Independence of treatment and covariates. In ANCOVA, the treatment should

not directly influence the covariate scores obtained. In this study, the aptitude variables

CEXP and FDI were obtained prior to, and therefore independent of, the instructional

treatment. The third covariate, THELP, was measured during training and could have

been indirectly influenced by the treatment. An ANOVA on THELP was performed to

determine that this covariate was independent of treatment (Huitema, 1980).

Linearity of regression. ANCOVA assumes a linear relationship between each

covariate and the dependent measure. For this data set, a visual inspection of scatter-

plots generated when POST was plotted against CEXP, FDI, and THELP demonstrated

that the assumption of linear relationships was tenable.
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Selection of Covariates.

To conduct ANCOVA for this data set, each of the proposed covariates was

scrutinized for appropriate use in the analysis following two recommendations by

Stevens (1990). First, independent variables that were correlated with the dependent

variable could be used as covariates. For this study, the relevant Pearson correlations

were: (a) CEXP with POST, r = 0.63; (b) FDI with POST, r = 0.42; and (c) THELP

with POST, r = -0.51. Given these correlations, CEXP, FDI, and THELP were appro¬

priate for use as covariates with POST as the dependent variable.

Second, when multiple covariates are used they should not be strongly correlated

with each other, so that each may contribute a unique component to the analysis. For

this analysis the relevant Pearson correlations were: (a) CEXP with FDI, r = 0.21; (b)

CEXP with THELP, r = -0.40; and (c) FDI with THELP, r = -0.19. Except for the

moderate correlation between CEXP and THELP, these covariates contribute separately

to the analysis.

As a final consideration for selecting covariates, Huitema (1980) recommended

limiting the number of covariates used, in relation to the sample size, to prevent the

adjusted means from becoming unstable. Following this recommendation, the

ANCOVA model in this study included only three covariates.

Computing ANCOVA with Three Covariates

Performing analysis of covariance with three covariates is not a common statis¬

tical procedure. In general, it is an extension of a one-way ANCOVA, but with

multiple covariates. Huitema (1980) referred to this as multiple covariance analysis.

This method proceeded in three steps. First, a test for the assumption of homogeneous

regression slopes was performed. This test determined whether there were significant

interactions between online help format and any of the three covariates. Second, after

confirming that no significant interactions had occurred, a test was performed to

determine whether the online help format had a significant effect. Third, the analysis
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determined whether there were significant regression effects on the dependent measure
for any of the three covariates.

For all computations described below, the sources of variance for each

ANCOVA model were computed using the Statistical Analysis System (SAS)1, release

6.07. Procedures for programming the SAS General Linear Models (GLM) procedure

to perform the ANCOVA hierarchical regression analysis were derived from Cliff

(1987) and from SAS User's Guide: Statistics (SAS Institute, 1985). Certain statistical

tests not supported in the SAS GLM procedure were also required. The formulas for

calculating these test statistics are described below.

Test for homogeneous regression slopes. In this study, ATI effects were antici¬

pated by the research questions. The test of the ANCOVA assumption of homogeneous

regression slopes was a key first step in the analysis, because it tests for interactions

between the covariates (aptitude variables) and the treatment factor. Had significant

interactions been found, continuing with the remainder of the multiple covariance

analysis would not have been appropriate.

Testing the assumption of homogeneous regression slopes required computing

the sum of squares for two linear regression models, referred to as the complete model

and the reduced model (Agresti & Agresti, 1979). These two regression models were

used to calculate the between-groups regression sum of squares and the within-groups

regression sum of squares. An F test statistic was then computed as the ratio of the

mean squares between over the mean squares within.

The general form of the complete ANCOVA model with 3 covariates is shown

in Equation 1. This linear regression model yields predicted Y scores (YPred) and

includes the Y-intercept (a), Y-intercept difference parameter (6) for the effect of

SAS is a registered trademark of SAS Institute, Inc.



35

treatment (A), regression slope parameters (p¡) for each covariate (X,), and cross-

product term coefficients (y¡).

Xpred = ct + 8A + p]X[ + p2X2 + P3X3 + y,(X,A) + y2(X2A) + y3(X3A) (1)

The reduced ANCOVA model, shown in Equation 2, follows the form of the complete

model but eliminates the interaction terms. The reduced model calculates predicted Y

scores assuming there were no interactions between treatment and the covariates.

Xpred = a + 8A+ p,X, + p2X2 + P3X3 (2)

The regression sum of squares and error sum of squares were computed for the

complete and reduced models shown above. These values were then used to compute

the F statistic to test for significant interactions between the covariates and the treat¬

ment. This F statistic, calculated using Equation 3, tests the assumption of

homogeneous regression slopes (Cliff, 1987).

(SSEr,R - SSe/) / P(g- 1)
E = (3)

SSürC / (N - pg - g)

In Equation 3, SSErrR is the error sum of squares for the reduced model, SSE„r is

the error sum of squares for the complete model, p is the number of covariates, g is the

number of groups, and N is the total number of subjects. If the resulting value of F did

not exceed the critical value, F,a.05jKg.1)£.pg.g], the ANCOVA assumption of homoge¬
neous regression slopes would have been met.

Test for significant treatment effect. Where the assumption of homogeneous

regression slopes was valid (i.e., no significant interactions between treatment and

covariates had occurred), the analysis next tested the treatment effect. For this test,

another F statistic was calculated to determine whether the regression lines representing

the two treatment groups had different Y-intercepts.

Similar to the test for homogeneous regression slopes, this test statistic was

computed using the error sums of squares for a complete model and a reduced model.
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To compute this F statistic, the complete model was the ANCOVA regression equation

without interaction terms—the reduced model from the previous test—shown in Equation

2. The reduced model for this test was the regression equation with only terms for the

covariates, shown in Equation 4.

Xpred = ci + P,X, + p2X2 + PjXj (4)

The formula for calculating the F statistic for this test is shown in Equation 5. As in

the previous test, this equation compares the error sum of squares for the complete

model (S£Etrc) with the error sum of squares for the reduced model (SSE„R). Also, p is
the number of covariates, g is the number of groups, and N is the total number of sub¬

jects (Cliff, 1987).

(£&„»-S£e„c) / (g- 1)
£ = (5)

SSErc / (N-g-p)

This test determined whether there were significant differences between the two online

help treatment groups on the dependent variable POST. Where the resulting value of F

did not exceed the critical value, F(„,05i.1^.g.p], the null hypothesis of no significant
treatment effect was not rejected.

Test for significant regression effects. The third and final step in this analysis

was to test whether there were significant regression effects on task performance for

each covariate. In this step, the ANCOVA resembled a multiple regression analysis and

the covariates became predictor variables (X¡) in a prediction equation, as shown in

Equation 4.

For each covariate, an F statistic was tested to determine whether a significant

relationship existed between the covariate and the dependent variable, posttest perfor¬

mance. In other words, this tested whether the regression slope coefficients (P;) in this

prediction equation were nonzero. These F statistics were computed using a standard

linear regression analysis procedure.
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The analysis of covariance method described above was used to test all the

hypotheses for this study. ANCOVA provided greater power than alternative methods,

but involved greater computational complexity. Given that this study was primarily

focused on examining the regression effects of the aptitude variables (covariates) on

application task performance, and determining whether Aptitude x Treatment interac¬

tions had occurred, ANCOVA was the most appropriate analytical method for the data

gathered in this study.

Population and Sample

The population from which subjects were drawn for this study consisted of stu¬

dents majoring in business curricula at a state university in southern Florida. Subjects

were randomly sampled from all students enrolled in four sections of Management

Information Systems, an undergraduate course required of all students majoring in a

business college program at the university. A total of 129 students comprised the

available population pool. In this student population, 85% were upper class under¬

graduates. After identifying the population and conducting initial screening, individual

computer training sessions were held at a nearby corporate product evaluation center.

At the initial screening, all students were asked to volunteer for the study. In

return they received free training on an advanced personal computer operating system

and a graphical spreadsheet application. No other form of compensation or course

credit was given for participation. Because the subjects were business majors who were

required to learn computer operations, and because they were volunteers, a high level of

motivation to complete the training was anticipated. Experience with similar students

during the pilot study had confirmed this.

From the four course sections, all 129 students were screened using the Sign-up
Form for OS/2 Training and the Computer Experience and Competence Survey. These
instruments were administered during regular class sessions. The sign-up form was

designed to collect demographic and computer experience data. It is included here as
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Appendix A. This form was also designed to check whether students had prior experi¬

ence using the computer operating system (IBM Operating System/2 version 2.0).

Individuals in the population who indicated prior experience using this system were

eliminated prior to selection. Because the graphical spreadsheet application, PM Chart2.

was included as a feature of the OS/2 operating system product, experience with this

application was also determined in the initial screening.

Power estimate and sample size. Based on data gathered during the pilot study, a

relatively large effect size (f > 0.80) was estimated for the effect of computer experi¬

ence on task performance. A small effect size (f < 0.50) was anticipated for the effect

of field independence on task performance. Using these effect size estimates, the

sample size for the study was set at 60 subjects using Cohen's power tables (Stevens,

1990). This value was based on setting a = .05, group size to 30, and achieving power

of 0.87 for an estimated effect size of f = 0.40. This effect size corresponds to that

observed in the pilot study for the effect of field independence on posttest performance.

Experimental mortality. From the population pool, 60 student volunteers were

randomly selected and were scheduled for training appointments. Experimental

mortality resulted from appointment cancellations, no-shows, and incomplete training.

Of the 60 volunteers, 18 students scheduled training appointments and later either can¬

celled the appointments or failed to appear for their training sessions. The remaining 42

students attended training sessions as scheduled. This sample was composed of 2

Sophomores (5%), 16 Juniors (38%), 20 Seniors (48%), and 4 students (10%) who

reported other academic status. There were 26 males (62%) and 16 females (38%) in

this sample.

Incomplete training also contributed to mortality. Of the 42 subjects who

attended training, 32 subjects completed all 12 training lessons plus the pretest and

2 PM Chart is copyright 1991 by Micrografx, Inc.
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posttest. Of the ten remaining subjects, four completed fewer than eight lessons and

were dropped from the analysis due to incomplete data. The loss of subjects due to

these mortality effects contributed to power problems in this analysis. The loss of four

low-experience subjects shifted the computer experience distribution slightly toward

higher scores. However, the distribution of computer experience scores for the resulting

sample of 38 was not significantly different from the distribution for the initial sample

of 60. Two of the four subjects dropped had scored above the mean on the GEFT,

while two had scored below the mean. Finally, these four subjects were evenly divided

between the two online help formats. The balanced loss of subjects indicates that mor¬

tality did not bias the results.

Summary of the sample. The resulting sample of 38 subjects exhibited diversity

on both computer experience and field independence measures. All subjects completed

at least 8 of the 12 lessons during the training, covering all aspects of skills required for

the pretest and posttest. GEFT scores for this sample ranged from 2 to 18. These 38

subjects had normally distributed scores on the computer experience subscale (CEXP)
of the CECS instrument. CEXP scores for the sample ranged from 9 to 58. Although

mortality effects reduced the size of the sample, it remained representative of the target

population with regard to these aptitude measures.

Random Selection and Assignment

Using the CEXP scores obtained from initial screening, a stratified random

sampling technique was used. The resulting sample’s distribution of computer

experience was similar to the distribution in the population pool. Using this approach,

60 students were initially selected from the volunteer student population to form a

representative sample to participate in the study. These students were contacted directly

to confirm their willingness to participate and to schedule their training appointments.

After having scheduled their training sessions, each student was randomly

assigned to one of the two online help formats, text-only help or text-with-motion-video
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help. From a randomized list of volunteers, each was alternately assigned to TOH or

TMVH to ensure equal treatment group sizes. Random assignment to treatment mini¬

mized initial differences between treatment groups. Mortality effects (students who

scheduled training sessions but failed to appear) during the study caused treatment

group sizes to become unequal. In this sample (N = 38), 18 were assigned to the TOH

treatment, while 20 were assigned to the TMVH treatment. The analyses performed

accommodated for this unbalanced design.

Instrumentation

Instruments and methods used to measure cognitive style (field dependence-

independence), prior computer experience, and computer task performance were central

aspects of the design of this study. The instruments chosen from published sources or

developed for this study to assess these individual characteristics are described in this
section.

Volunteer Siun-up Form

129 students were initially screened using the Sign-up Form for OS/2 Training

(Appendix A). Responses to questions on this form provided student identification data
such as name, phone number and academic status. It also included eight questions

designed to estimate the students' computer experience. This data was used when stu¬

dents were contacted to schedule their individual training sessions. Students who

indicated very little experience were scheduled for longer training appointments.

Finally, the form was signed by students as an indication of their interest in voluntarily

participating in the computer training and study.

Computer Experience and Competence Survey (CECS)

During initial screening, subjects completed the CECS instrument, a multiple-

choice, self-reporting survey of prior computer use. This survey was composed of three

scales: user demographics (CDEM, 8 items), experience survey (CEXP, 39 items), and
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cognitive items (CCOG, 47 items). The experience scale items were designed to mea¬

sure the amount and types of prior computer experience. The competence scale

includes items designed to measure knowledge of computer systems and applications

and how they operate. This instrument, like the GEFT, was designed to be conducted

in a group setting such as a classroom. The 94-item CECS instrument was timed to be

completed within 30 minutes. Sample items from the CECS are included here in

Appendix B.

The CECS items were derived primarily from items developed for the Computer

Competency test of the 1986 National Assessment of Educational Progress (NAEP)

(Educational Testing Service, 1988). For many items, the original NAEP versions were

used verbatim. Some items were edited to account for differences in the target popula¬

tion (university students versus secondary school students). Other items were modified

to accommodate the significant changes in personal computers during the six years

between the development of the NAEP items and this study. NAEP items designed to

measure computer programming knowledge were not included because those items did
not appear to relate closely to knowledge of or ability to operate computer applications.
The resulting CECS instrument was designed to determine the extent of a subject's prior

computer experience and knowledge of computer systems, applications, and their

operation.

Due to reliability and validity problems found in the CCOG (cognitive knowl¬

edge) scale during the pilot study, this scale was not used in the data analysis. Only

scores from the CEXP (experience) scale were used in the study.

CEXP ecological validity estimate. The subjects' initial computer experience

was also measured using a three-task computer operations pretest. The scores on the

pretest were expected to correlate strongly in a positive direction with the subjects'

CEXP scores. The pilot study had confirmed this strong positive correlation (r = 0.85),

which establishes a reasonable measure of ecological validity for the CEXP scale.
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CEXP reliability estimate. An analysis of the computer experience scale

revealed problems with several items. First, items 17 and 18 were not included in the

reliability estimate because they were not calculated into the CEXP score (these two

items provide qualitative data only). In addition, items 43 through 47 formed another

qualitatively scored component of CEXP and were also excluded from the reliability

computation. The resulting CEXP scale included 32 items, but initially showed only

moderate reliability (a = 0.61).

A procedure to increase the reliability of the CEXP scale was used, based on a

routine incorporated into the reliability procedure of the Statistical Package for the

Social Sciences (SPSS), version 4.0. This routine used an iterative approach to increase

reliability by removing individual items. As each item was removed, alpha was recal¬

culated for the remaining items. All items were finally ranked in the order of

decreasing negative influence on alpha. Using this approach, Chronbach's alpha for the

CEXP scale was improved to 0.85 by removing nine items (listed in order of their

removal: 42, 30, 12, 11, 40, 38, 10, 31, and 39). These items had the greatest negative

influence on alpha. The final CEXP scale therefore had 23 scored items with improved

reliability. The CEXP scores with improved reliability are used throughout the

remaining data analysis and discussion.

Improving the reliability of the CEXP subscale increased the power of the

analyses of covariance where CEXP was used as a covariate. More consistent determi¬

nation of computer experience among subjects within the sample allowed more accurate

analysis of regression slopes. Removal of the nine items did not significantly affect the

correlation between CEXP and posttest scores (r = 0.63). The initially low reliability of
the CEXP scale was partially explained by the variety of item types within the scale.

The improved reliability CEXP scores adjusted for response inconsistencies by remov¬

ing those items that least contributed to the instrument's reliability.
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CEXP scores obtained. The population mean CEXP score was 30.0 (SD = 10.9).

CEXP scores appeared normally distributed, ranging from 9 to 62. For the sample

(N = 38) attending training sessions, CEXP scores ranged from 9 to 58, with a group

mean of 31.4 (SD = 11.0).

Group Embedded Figures Test (GEFT)

All subjects who attended training sessions completed the Group Embedded

Figures Test. GEFT scores were used to measure the subjects' cognitive style (degree

of field independence). Scores on the group-administered scale ranged from 0 (extreme

field dependence) to 18 (extreme field independence).

The GEFT is a widely used and extensively normed instrument that measures

field dependence-independence, one dimension of an individual's cognitive style. It is a

20 minute test consisting of 18 items presented in three individually timed sections.

Scores for college-aged men have a mean of 12.0 (SD = 4.1) and 10.8 for women

(SD = 4.2) (Cavaiani, 1989). Because the range of scores is continuous between 0 and

18, it is considered incorrect to label a subject "field-independent" or "field-dependent"

(Witkin et al., 1977). Using two parallel forms of the GEFT with identical time limits,

an internal consistency reliability estimate of 0.82 (for both males and females) was

obtained (Mykytyn, 1989). Validity measures based on comparing results on the GEFT

to results on the EFT (an individually administered form of the GEFT) show correla¬

tions of 0.62 for females and 0.82 for males (Cavaiani, 1989).

GEFT scores obtained for this sample (N = 38) ranged from 2 to 18, with a

group mean of 12.4 (SD =4.1). As expected, this sample distribution was skewed

revealing a larger percentage of more field-independent individuals than would be

found in a general public sample of same-aged subjects (Witkin et al., 1977). This

sample distribution is similar to that reported for other college student populations

(Cavaiani, 1989; Witkin et al., 1971).
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Task Performance Assessment

Measurements of computer task performance were taken for each subject in the

training pretest and posttest. Each test was comprised of three tasks. A performance

score was calculated for each task and the sum of the scores for the three tasks in each

test formed the total test performance score. The computer task performance score

reflected the accuracy and rate of task completion and was calculated using Equation 6.

ET
PS = * P * DW (6)

AT

Where:

PS = Performance score

ET = Expected time to task completion

AT = Actual time to task completion

P = Percentage of task completed

DW = Difficulty weighting factor

This method of scoring performance approximately followed the calculation

used by Whiteside et al. (19S5). This score quantified users' performance on tasks

taking into account the rate of task completion and the competence demonstrated on the

task. This formula normalized time across all tasks by dividing expected task

completion time (10 minutes) by the actual task completion time. In addition, task dif¬

ficulty was taken into account by using a difficulty weighting factor. This factor

accounts for increasing task difficulty across a series of tasks.

Exnected time to task completion (ET), This was a constant (10 minutes),

determined by taking the average time subjects required for completing the tasks, then

adding 20%. This value was initially based on the researcher's estimate. The final

value was established based on task performance data gathered during the pilot study.

This also served as the time limit allowed for attempting to complete a task. This time
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limit prevented subjects from spending too much time attempting a task and helped

limit their frustration when no progress was being made, particularly during the pretest.

Actual time to task completion ¡AT). This value was computed for each task by

measuring the total task completion time, beginning to end. Subjects were observed

during task completion and their computer interactions were logged by an observer.

Regardless whether the subject was continually on-task or not, total time to task

completion was used. Subjects remained seated at the computer work station during

tasks. The work station environment was controlled to minimize distractions and sub¬

jects were not allowed to take breaks between tasks during the pretest and posttest.

Also, subjects were not allowed to discuss their performance or other aspects of the

study until after they had completed all lessons and tests.

Percentage of task completion (Pi. This value reflected the degree of success on

the task with respect to predetermined mastery criteria. Each task was composed of five

subtasks. For every subtask completed correctly, P was increased 20%. For example, if

a subject completed only four of five subtasks, that task was scored 80% complete.

Subjects received P = 1.0 for every fully completed task.
Task difficulty weighting factor IDW). This value represented approximate task

difficulty, which was operationally defined as the minimum number of discrete opera¬

tions in the user interface required to complete the task. Examples of discrete

operations included moving the mouse pointer (cursor) to an object, clicking or

double-clicking with the mouse button on an object, or entering keystrokes (multiple

keystrokes for a single entry were counted as one discrete operation). Three DW levels

were identified to organize the 12 lessons and to design representative tasks for the pre¬

test and posttest. Low difficulty tasks required 1 to 3 discrete operations per subtask,

with a total of 8 to 9 per task. Medium difficulty tasks required 2 to 5 discrete opera¬

tions per subtask, with a total of 15 to 20 per task. High difficulty tasks required 3 to 7

discrete operations per subtask, with a total of 20 to 25 per task.
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Three test tasks, one task from each difficulty level, comprised the training pre¬

test and posttest. The 12 training lessons were designed with gradually increasing

difficulty, with four lessons at each of these three difficulty levels. The pretest and

posttest tasks were designed as equivalent forms, so each task in the pretest had the

same DW value as the corresponding task in the posttest.

By adjusting for task difficulty when computing the task performance score, a

subject's competence was more accurately recorded. Subjects were expected to gain

competence as they proceeded from easy to more difficult tasks. Therefore, more dif¬

ficult tasks were weighted more heavily than the easier tasks.

Instructional Treatment

The instruction provided each subject was individually delivered as a short

computer-based training course. After screening and aptitude assessment, the instruc¬
tion consisted of an introductory videotape, followed by a computer-based interactive

tutorial, followed by a pretest, 12 training lessons, and a posttest. The experimental
treatment (online help format) was administered during the 12 training lessons. Sub¬

jects were randomly assigned to one of two treatment groups: (a) text-only help (TOH)
or (b) text-with-motion-video help (TMVH). These two online help formats were simi¬
lar in all but one respect. In the TMVH group, dynamic pictorial message elements

(digital motion video windows) were added to text messages in online help, while the
TOH group had identical text help messages without the dynamic pictorial elements.

Setting

The computer training sessions were conducted at an International Business

Machines Corporation facility in Boca Raton, Florida. The setting was a product

usability evaluation center that was ideal for this type of study. Individual subjects

were seated in simulated offices—rooms equipped with computer systems, desks, tables,

and other accessories typically found in corporate offices. Each subject completed the
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training in a single session, scheduled during normal business hours or at night, accord¬

ing to the student's preference. During the training each subject was situated beyond

sight and hearing of others, so that he or she would not be distracted while completing
tasks.

Subjects completed the training using a microcomputer equipped with a high-
resolution color display and dot-matrix printer. A standard keyboard and mouse were

also attached as user input devices. The software installed consisted of IBM Operating

System/2 version 2.0 (OS/2), an advanced personal computer operating system with a

graphical user interface (GUI). The OS/2 GUI incorporated direct-manipulation,

object-oriented control features whereby application functions were controlled by

manipulating graphical features with the mouse pointer, rather than relying solely on

verbal menus or command-line interfaces for function selection and activation. User

interaction with the system and the graphical spreadsheet application required manipu¬
lation of appropriate icons, buttons, dialog panels, windows, pull-down menus, and

other user interface controls.

Observers

During the training, subjects were monitored by an observer situated immedi¬

ately outside the simulated office. The observer could view the office interior through a

one-way mirror or through remote-controlled color video cameras. The display of the

computer used by the subject was attached to a second color display at the observer's

console, allowing the observer to closely follow the subject's progress on each task. To

help minimize the level of anxiety a subject might experience from being observed,

subjects were not shown the observer's console until after the training session was

completed.

One of two observers was randomly assigned to monitor each subject. Both
observers had conducted observations during the pilot study so they were familiar with

the training protocol and comfortable with the monitoring procedures. As the observers'
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role included rating subjects on task performance, inter-rater reliability was a concern.

A series of t tests were run, grouping subjects by observer, to determine whether dif¬

ferences existed that were related to the observer assigned. Dependent variables

examined included pretest and posttest scores, and time in help. No significant differ¬

ences attributable to observer assignment were detected.

Instructional Sequence

The computer training protocol was delivered in five stages: orientation, intro¬

ductory video tape and tutorial, pretest, lessons, and posttest. A sample of 42 subjects

attended individual training sessions at the corporate product evaluation center. Most

training sessions were held during normal business hours although several were held in
the evening. The training periods were scheduled to last three to six hours. Actual

training times ranged from 2.6 to 6.8 hours, with a mean training time of 4.1 hours.

Orientation. First, subjects were escorted into the product evaluation facility

housing the simulated office where they remained throughout the training. The training
observer then verbally presented an overview of the purpose of the facility and the

computer training lessons. Subjects then reviewed and signed informed consent forms
and nondisclosure agreements.

Introductory video tape and tutorial. The introductory video tape, Working With

OS/2 Version 25, provided the students with a general overview of features in the

operating system and its graphical user interface. This 40-minute video tape demon¬

strated use of system features and defined the several different object types in the

system GUI. It provided illustrative scenarios for using OS/2 applications, gave non¬

interactive instruction to the subjects, and augmented the instruction provided by the

OS/2 system tutorial.

Working with OS/2 Version 2 is copyright 1992 by Comsell, Inc.
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Each subject was then seated at the microcomputer to complete the interactive

tutorial. The system tutorial program was started and ready to use when the subject was

seated. Subjects were allowed as much time as needed to complete the tutorial. This

typically required 30 to 40 minutes. The system tutorial provided practice using basic

and slightly more advanced operations and functions of the system, focused on using

the mouse to directly manipulate objects in the GUI. Observer assistance to subjects

was not provided after beginning the tutorial, except in a few cases of software failures

that required observer intervention.

Training pretest. A training pretest was given immediately following completion

of the system tutorial, with the subject operating the computer. The pretest included
three pretest tasks, designed with increasing levels of difficulty, as described previously.
The five subtasks in each pretest task were selected from subtasks found in the training

lessons. Thus the pretest accurately reflects the content and design of the lessons, mea¬

suring performance on operations the subject was expected to learn during training.

Subjects were allowed up to 10 minutes to complete each pretest task. Many subjects

completed the tasks in less time while others were unable to complete the tasks in the
allowed time. Tasks in the pretest were sequenced so that subsequent tasks could be

started without requiring the preceding task to be completed. The pretest tasks were

scored using the task performance formula (Equation 6) and the sum of the three pretest

task scores was used as the pretest performance score.

Training lessons. After the pretest, subjects completed a series of 12 lessons,

during which one of the two online help formats, TOH or TMVH, was encountered.

The subjects were given a tersely worded task description as they began each lesson and

were encouraged to use online help whenever they experienced difficulty or were

unable to proceed. Although discouraged from requesting assistance from the observer,

when such assistance was requested the subject was directed to use online help to learn

more about that particular operation. The instructional materials included the printed
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task description for each lesson, plus the online help messages. Because each subject

determined the extent to which he or she would use online help in a given lesson, the

amount of instructional information viewed during training varied considerably between

subjects. Use of online help was tracked automatically by system software.

Subjects were given as much time as necessary to complete each lesson. How¬

ever, if an impasse was reached where no progress was made for five minutes, the

subject was prompted by the observer to access help for a specified help topic. If the

subject completed a lesson satisfactorily, the next lesson description was immediately

provided. If an entire lesson or portions of the lesson were not completed correctly, the

errors were logged and the subject was allowed to proceed to the next task. Lessons

were structured to facilitate smooth transitions from one lesson to the next.

When subjects reached an obvious impasse, the observer redirected the subject to

first reread the task and subtask directions. Occasionally subjects required help inter¬

preting the directions. If the subject was still unable to proceed, the observer then

prompted the subject to open the online help facility. When the subject could not locate
an appropriate topic, the observer directed the subject to the specific help topic for that
situation. Observers did not directly instruct subjects with procedures for task comple¬

tion.

The 12 training lessons were designed with gradually increasing difficulty (four

lessons each in the low difficulty, medium difficulty, and high difficulty groups). The

series of 12 lessons had three objectives: First, it provided practice in elementary skills

for operating the system and its graphical user interface. Second, it provided practice

using the online help facilities. Third, it provided training in the use of the PM Chart

graphical spreadsheet application.

Each lesson included a task description, composed of five subtasks or steps.

Lessons 1 to 3 covered system tasks in the user interface, such as creating a new folder,

copying several files from a diskette into a folder, and moving the PM Chart program
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icon into the folder. Application tasks (Lessons 4 to 12) included modifying an existing

file using PM Chart features, loading spreadsheet data, and creating several presentation

graphics.

The lessons were also arranged as a series of tasks within a meta-task, so there

was a clear project goal the subject could perceive as each lesson was completed. The

directions for the 12 computer training lessons are included in Appendix C.

Training posttest. The posttest was administered immediately following

completion of the 12 training lessons. The three posttest tasks were equivalent, but not

identical, to the three pretest tasks. The posttest scores were used as the primary mea¬

sure of learning outcomes in this study.

Gain scores (the difference between a subject's performance on the pretest and

posttest) were calculated for each subject. Although commonly applied in educational

research, use of gain scores has been criticized on the basis of generally poor reliability

(Stevens, 1990). Specifically, when the correlation of pretest and posttest scores

approaches the reliability of the test, the reliability of gain scores goes to zero. For this

reason, gain scores were not used as dependent measures in the analysis.

Experimental Instructional Variable

The two treatment conditions (online help formats) were identical except for one

variable: the presence of dynamic pictorial elements in the spreadsheet application

online help messages. Online help provided instruction for subjects as they attempted

to learn application functions during lessons 4 to 12. The two online help formats are

described below, along with characteristics of online help common to both treatments.

General online help characteristics. The online help facility in the system, the

information presentation facility, presented help messages displayed within windows

adjacent to or overlapping the application windows. The help messages consisted of

text formatted as paragraphs, sentences, and lists. Dynamic pictorial elements (digital

motion video sequences) could be displayed, in addition to the text content, in the
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experimental treatment condition. Direct-manipulation window controls were provided

so the help window could be moved, resized, and closed at any time at the discretion of

the user. Figure 3-1 illustrates the OS/2 application help window interface for the

graphical spreadsheet application used in this study.

All help windows incorporated standard controls that allowed the user to access

additional functions, such as printing a help topic, viewing the help index, and moving

forward or backward through selected help topics. The sequence of information dis¬

played at any time in the help window was controlled in an interactive manner. The

user could select a help topic and then change the topic at any time. Help messages

often displayed related topic labels, called links. Links appeared as text displayed in a

different color (green) than standard help text (blue). The related topics could thus

Figure 3-1. OS/2 help window interface used in PM Chart, showing video button.
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easily be accessed by double-clicking on the desired link. The selected help topic

would then be displayed in the help window, overlaying the previous help topic in the

help window. The user could also interact with the application at any time without

closing the help window. When in use, the entire help window remained visible, occa¬

sionally covering a small portion of the application window.

The information presentation facility in this system provided a hypertext

implementation that supported selective access to information structured in a nonlinear

manner. Subjects were able to select a series of related help topics, when desired, sim¬

ply by repeatedly selecting links in the displayed help windows. When the desired help

information had been viewed, the subjects closed the help window and returned to the

application to complete the task at hand.

Text-only help (TOH1 treatment. This treatment provided instruction in online

help messages that included only text (verbal-digital) message elements relating to the

selected help topic. No graphical or pictorial message elements were included in these

help messages. The text contained in the help topics was carefully edited to fully
describe application functions. In many help messages, the text extended beyond the

window borders. For these messages, the user had to scroll within the help window to

read the complete help topic text. Subjects' use of online help was automatically

tracked using system software to record the total time in help and the topics displayed.

Text-with-motion-video help (TMVH) treatment. This online help format

incorporated the same text messages as the TOH treatment. In addition, a Video button

was added to the help window controls. An example of a help window showing the

location of the Video button is shown in Figure 3-1. When a subject selected the Video

button, a motion video sequence was displayed in a window overlaying the previously

visible help text. This overlay technique was identical to how related help topic text

windows appeared whenever text links were selected. When a motion video sequence

had ended, the final video frame remained visible as a static image until that window
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was closed. Display of these video sequences by subjects was tracked in the same

manner as the display of text help topics.

The digital motion video playback facilities employed in this study included

Digital Video Interactive4 (DVI) hardware and software features. Additional custom¬

ized software was developed to provide an interface between the OS/2 information

presentation facility and DVI. DVI playback at 12 frames-per-second was used to

present the dynamic pictorial sequences that visually portrayed application functions

described in the help text. Each video sequence, lasting from 15 to 40 seconds, was

designed to match a specific help topic's text message. Each video sequence was pro¬

duced using an 8mm video camera aimed directly at an active high resolution computer

display. The camera's S-video output signal was connected directly into the DVI cap¬

ture adapter input, so that the camera output could be captured without loss of signal

quality. The camera remained stationary during each sequence, usually tightly cropping

the PM Chart application window being manipulated according to the accompanying

help text. This approach follows from instructional design principles based on dual¬

coding theory (Fleming & Levie, 1978).

Although professional grade video equipment was used to develop the video

sequences, conversion to the digital display format in this system induced some loss of

visual detail in the image. Several subjects commented that the images were "blurry"

but maintained they could understand and follow the video sequences. Visual quality of

the digital video sequences also was reduced by limiting the size of the playback win¬

dow to the help topic window size. The video images thus displayed showed

application features smaller than they appeared in the application interface itself.

Despite these visual quality issues, subjects assigned to the TMVH treatment frequently

stated their preference for the video help format.

Digital Video Interactive and DVI are trademarks of Intel Corporation.
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Data Collection

Data was gathered in several ways for this study. Scores on the aptitude mea¬

sures of interest were obtained by hand-scoring the test answer forms for the GEFT and

CECS instruments. During training sessions observers manually logged the actions of

subjects, while at the same time the computer automatically logged online help activity.

These techniques are described below.

Automated Online Hein Tracking

Subjects were instructed to use online help whenever they were uncertain of how

to proceed with a task. Instructions for using online help were repeated several times

throughout the training lessons. Custom computer software was used to automatically

collect data on the use of online help. This software consisted of a help tracking pro¬

gram that automatically created a log file for each subject containing accurate timing
data on the subject’s use of online help. Each time a help topic was opened, the time in

help for that topic was recorded in the log file. The total time in help (THELP) was
calculated for each subject and used as a dependent variable in the analyses of

covariance described below.

The help tracking program ran in the background (not visible to the student) as
the subject completed the training lessons. For each help topic opened, the log con¬

tained the topic name, the time the topic window was opened and closed, and the

elapsed time for each topic. Total time in help was computed as the sum of the elapsed
times. For students in the TMVH treatment, the use of video help segments was also

recorded. The elapsed time for the video segments opened by the student was included
in the total time in help. A sample help tracking log is included in Appendix D.

Because help windows could remain open while a subject was interacting with

the application, the observer also kept records of help usage. The observer was respon¬

sible to log any occasion where a subject left a help window open when interacting with

the application. Only two of the 38 subjects had used help in this manner. For these
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subjects, their time in help scores were adjusted to accurately reflect when they were

using help and when they were interacting with the application.

Observer Event Logging

Subjects were observed by the researcher, who sat at a control panel in an adja¬

cent room and recorded significant events in a computer database. During the training,

the observer continually updated the database by adding records of actions taken by the

subject and, occasionally, by the observer. Each entry in the log was automatically

time-stamped to facilitate accurate timing of the subject's actions. For the three tasks in

the pretest and posttest, log entries indicated success or failure for each subtask and how

long it took to complete each task. The log files were later examined to calculate the

pretest and posttest performance scores. A sample event log is included in Appendix E.

Summary

This experimental study of learning computer operations in graphical human-

computer interfaces was designed to test the effects of university students' cognitive

styles (field dependence-independence) and prior computer experience on their perfor¬
mance on tasks in a direct-manipulation, graphical user interface. The population pool

completed assessments of field dependence-independence and prior computer experi¬

ence. Volunteer subjects randomly selected from the population were scheduled for
individual training sessions. The subjects were randomly assigned to one of two treat¬

ment conditions that differed only with regard to presence of dynamic pictorial elements

(digital motion video) in the online help messages.

After an introductory videotape and an interactive computer-based tutorial, all

subjects then completed an initial computer operations pretest to establish a perfor¬

mance baseline. The subjects completed a series of 12 lessons comprising tasks using

the computer system's graphical user interface and a graphical spreadsheet application.

Task performance was again measured in a posttest at the completion of the training



57

lessons. A completely randomized design with pretest-treatment-posttest sequence was

employed in this study. A multiple covariance analysis was used to determine whether

ATI effects occurred between field independence and treatment, or between computer

experience and treatment. The ANCOVA was also used to detect effects of the two

aptitude measures on performance. The ANCOVA techniques were further employed to

control for between subjects variance on time in help. The results of the study are

described in the following chapter.



CHAPTER 4
RESULTS AND ANALYSIS

Introduction

This study was conducted to determine whether field dependence-independence

or level of computer experience influenced computer users' performance on application

tasks in a direct-manipulation graphical user interface (GUI). Other research questions

addressed in this research concerned whether Aptitude x Treatment interactions

occurred between field independence or computer experience and the presence of

dynamic pictorial message elements displayed in online help. A random sample of 38

university student volunteers attended individual computer-based training sessions. The

students were randomly assigned to one of two treatment groups using different online

help formats. Both treatment conditions required subjects to use online help to obtain

instruction for learning application functions. Text-only help was provided in one

treatment level, while in the other level dynamic pictorial content (digital motion video)

was displayed in addition to help text.

A fully randomized design with pretest-treatment-posttest sequence was used in

the study. Data were analyzed using a multiple covariance analysis (Huitema, 1980).

Field independence and computer expertise were employed as covariates in the

ANCOVA. Time in help was also included as a covariate to control for between sub¬

jects variance on exposure to help messages. The dependent measure was performance

on application tasks in the training posttest.

No significant interaction effects were found between any of the three covariates

and the online help format. In addition, no significant effect was found for the online

help format. Significant regression effects were found for both computer experience

58
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and field independence on application task performance. Increased prior computer

experience and increased field independence were significantly related to improvements

in application task performance on the posttest. No significant regression effect was

found for time in help. These results are described in detail in this chapter.

Results

Data were collected during the experiment and analyzed as described in the

preceding chapter. This section presents the ANCOVA results obtained using the Sta¬

tistical Analysis System (SAS), release 6.07.

The one-way ANCOVA model for this analysis included the treatment variable

and three covariates. The treatment factor (TREAT) consisted of two levels, text-only

help (TOH) and text-with-motion-video help (TMVH). The covariates included com¬

puter experience (CEXP), field dependence-independence (FDI), and time in help

(THELP). The single dependent variable was application task posttest performance

(POST). The 38 students in the sample were randomly assigned to one of the two

treatment groups. There were 18 subjects in the TOH group and 20 subjects in the

TMVH group. The results of the ANCOVA are described below, beginning with a

review of the null hypotheses tested.

Treatment x Covariate Interaction Effects

First, the ANCOVA assumption of homogeneous regression slopes was tested.

This was also a test for interactions between the covariates and the treatment factor.

Therefore, the test for homogeneous slopes tested the following null hypotheses

regarding interactions: Hypothesis 1, that no significant differences in application task

performance would result from a three-way interaction among field dependence-

independence, prior computer experience, and the presence of dynamic pictorial

message content in online help; Hypothesis 2, that no significant differences in

application task performance would result from an interaction between prior computer
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experience and the presence of dynamic pictorial message content in online help; and

Hypothesis 3, that no significant differences in application task performance would

result from an interaction between field dependence-independence and the presence of

dynamic pictorial message content in online help.

As described in Chapter 3, the test for homogeneous slopes required computing

the error sums of squares for two linear regression models, referred to as the complete

and reduced ANCOVA models. Summary source tables for the complete and reduced

ANCOVA models are given in Tables 4-1 and 4-2. The F statistic to test the assump¬

tion of homogeneous regression slopes was calculated using the error sums of squares

for these two models. The resulting test statistic, F (3, 30) = 1.14, p > .05, did not

reach significance. The assumption of homogeneous regression slopes had been met.

Therefore, the null hypotheses regarding interactions between the covariates and the

treatment factor (Hypotheses 1, 2 and 3) were not rejected. No significant interaction

effects on posttest performance were detected between online help format and computer

experience, field dependence-independence, or time in help.

Treatment Effect

Since the assumption of homogeneous slopes was valid for this analysis, the next

step in the ANCOVA was to determine whether treatment differences had a significant

effect on posttest performance. This tested Hypothesis 4, that no significant differences

in performance on computer application tasks would exist between subjects viewing

text-only online help and subjects viewing online help containing text and dynamic pic¬

torial elements.

Testing the treatment effect required computation of a third regression model,

the reduced ANCOVA model without the treatment effect. The summary table shown

in Table 4-3 identifies the sources of variance for the reduced model with the treatment

effect removed. This model determined the regression effects for the three covariates,

assuming the treatment variable had no effect.
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Table 4-1 Summary Table for Complete ANCOVA Model Effects on Posttest Scores

Source df SS F Pr > F

Model 7 89442.35 6.25 0.0001

Error 30 61313.78

Corrected Total 37 150756.13

Source df Type Ill SS F Pr>F

TREAT 1 12.02 0.01 0.9394

CEXP I 26451.12 12.94 0.0011

FDI 1 13391.26 6.55 0.0158

THELP 1 6608.32 3.23 0.0822

CEXP*TREAT 1 4896.28 2.40 0.1322

FD1*TR£AT 1 2816.04 1.38 0.2497

THELPTREAT 1 509.35 0.25 0.6213

Table 4-2 Summary Table for Reduced ANCOVA Model With Treatment Factor

Source df SS F Pr>F

Model 4 82449.42 9.96 0.0001

Error 33 68306.72

Corrected Total 37 150756.13

Source df Type HISS F Pr>F

CEXP 1 27063.47 13.07 0.0010

FDI 1 11437.64 5 .53 0.0249

THELP 1 6682.56 3.23 0.0815

TREAT 1 1266.57 0.61 0.4397

The test of significant treatment effect was performed by calculating the appro¬

priate F statistic, supplying the error sum of squares for the reduced model without the

treatment effect (from Table 4-3), and the error sum of squares for the reduced model

including the treatment effect (from Table 4-2).
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Table 4-3 Summary Table for Reduced Model Without Treatment Factor

Source d£ SS F Pr > F

Model 3 81182.84 13.22 0.0001

Error 34 69573.29

Corrected Total 37 150756.13

Source df Type III SS F Pr>F

CEXP 1 26849.40 13.12 0.0009

FDI 1 10192.35 4.98 0.0323

THELP 1 8541.05 4.17 0.0489

The resulting test statistic, F (1, 33) = 0.61, p > .05, did not reach significance.

Therefore, Flypothesis 4 was not rejected. This test statistically controlled for the

between-subjects variance on the covariates and determined that the adjusted group

means on POST between the two online help treatments were not significantly different.

The addition of dynamic pictorial elements to textual online help in this study did not

significantly effect performance on application tasks in the unfamiliar GUI.

Regression Effects

After determining that the interaction and treatment effects were not significant,

the analysis proceeded to test for significance of regression effects for each of the

covariates. These effects were determined using the Type 111 sums of squares found in

Table 4-2. This table shows the corresponding F statistics and probabilities for the

regression effects of the covariates CEXP, FDI, and THELP.

First, the a priori assumption that time in help would have no significant effect

on performance after controlling for differences on FDI and CEXP was upheld. The

test statistic for regression of POST on THELP, F (1,37) = 3.23, p > .05, did not reach

significance. Increasing use of help, measured as the total time a user displayed help

messages during training, was not significantly related to performance on posttest tasks.
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Next, the regression effects of the aptitude variables, CEXP and FDI, were

examined. The appropriate F statistics were examined to test the research hypotheses.

Hypothesis 5 stated that no significant relationship would exist between prior computer

experience and a computer user's performance on computer application tasks in an

unfamiliar GUI. The test for regression effect of POST on CEXP, F (1,37) = 13.07,

g = 0.001, revealed a significant effect. Therefore, the null hypothesis was rejected.

Prior computer experience, as measured using the Computer Experience and Compe¬

tence Survey, was significantly related to performance on the posttest tasks. As the

level of prior computer experience increased, performance on application tasks was

found to improve.

Hypothesis 6 stated that no significant relationship would exist between field

dependence-independence and a computer user's perfoimance on computer application

tasks in an unfamiliar GUI. The test statistic for regression of POST on FDI,

F (1, 37) = 5.53, 2 = 0.025, showed a significant effect. Therefore the null hypothesis

was rejected. Field dependence-independence, as measured using the Group Embedded

Figures Test, was significantly related to performance on the application posttest tasks.

As field independence increased, there was a significant tendency for performance on

application tasks to improve.

In this analysis, significant regression effects were found for computer experi¬

ence and field dependence-independence. No significant treatment effect was found for

adding dynamic pictorial elements to online help displays. In addition, no significant

Aptitude x Treatment interactions were found. The following analysis of these results

examines the significant regression effects as well as the character of the nonsignificant

interaction and treatment effects.

Analysis

The multiple covariance analysis found no significant interaction effects between

online help format and any of the covariates. Also, no significant main effect was
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found for online help format. Significant regression effects were found for both

computer experience and field dependence-independence. This section presents an

analysis of the regression slopes for the ANCOVA model as they were examined at

each step in the procedure. This analysis begins with a review of the tests performed to

verify that assumptions for ANCOVA had been met.

Testing ANCOVA Assumptions

Homogeneity of variance. To test this assumption, t tests were performed to

determine whether the mean scores and within-group variance for CEXP, FD1, and

THELP were significantly different between the two treatment levels. No significant

differences (p > .05) were found between the treatment group means. Tests of unequal

group variance for CEXP and THELP did not reach significance. A test for unequal

group variance did reach significance (p = .04) for the FDI scores. However, homoge¬

neity of variance is not required when the covariate is statistically independent of the

treatment (Huitema, 1980). Since FDI scores were obtained prior to the training, this

assumption was met for this analysis.

Independence of treatment and covariates. Since computer experience and field

dependence-independence were measured prior to the instructional treatment, these

covariates were measured independently. Time in help (THELP) was measured during

the 12 training lessons when the online help displays were being used. An ANOVA on

TFIELP was computed to verify that it was independent of the online help format. The

resulting test statistic, F = 1.21, p = 0.2796, did not reach significance. There was no

significant effect of treatment level on time in help, so this assumption was also met.

Homogeneity of regression slopes. This assumption was tested in conjunction

with the test of hypotheses concerning interaction between the treatment factor and the

covariates. No significant Covariate x Treatment interaction effects were found, so this

assumption was valid. Additional analysis was performed concerning between-group

regression slope differences, as described in the following section.
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Covariale x Treatment Interactions

There were no significant Covariate x Treatment interactions. Although these

interaction effects did not reach significance, the regression slopes for the two treatment

groups were plotted. Cronbach and Snow (1977) recommended that even nonsignifi¬

cant interactions should be examined, particularly when the number of subjects in each

treatment group is much smaller than 100. In taking this position they stated: "Consis¬

tent nonsigificant results are at least as valuable to a science as are incoherent

significant results" (p. 53).

The complete ANCOVA model (see Equation 1 in Chapter 3) includes a

Y-intercept parameter (a), regression slope parameters (P¡) for each covariate (X,),

cross-product term coefficients (y), and a Y-intercept difference parameter (5) for the

effect of treatment (A). Since there were only two treatment groups, only one S is

required for this model. The estimated values of these regression equation parameters

as computed by the SAS GLM procedure are shown in Table 4-4. These regression

equation parameters were used to plot regression lines to illustrate the nonsignificant

ANCOVA interactions. Regression line pairs for each covariate were plotted in three

separate two-dimensional graphs. These illustrations allow visual inspection of the

nonsignificant two-way interaction effects. The nonsignificant three-way interaction

(CEXP x FDI x TREAT) was illustrated by plotting two regression planes in a three-

dimensional graph.

The nonsignificant interaction effects between treatment (online help format)

and the three covariates are depicted in Figures 4-1 to 4-3. The regression of POST on

computer experience for both levels of online help treatment is shown in Figure 4-1.

The regression of POST on field dependence-independence for the two treatment con¬

ditions is depicted in Figure 4-2. The regression of POST on time in help for both

treatment levels is shown in Figure 4-3. The regression planes formed by the intersec¬

tion of CEXP and FDI regression slopes are shown in a three-dimensional graph
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Table 4-4 Parameter Estimates for Complete ANCOVA Model Regression Effects

Parameter Estimate

Y-Intercept (a) 21.81

FDl’TREAT (y.) -5.03

FDI (P.) 8.00

CEXPTREAT (y2) 2.32

CEXP (p2) 1.54

THELPTREAT Cft) 0.93

THELP (W -2.14

TREAT (8) -6.02

in Figure 4-4. This three-dimensional illustration permits a visual inspection of the

nonsignificant three-way interaction between computer experience, field dependence-

independence, and online help format.

As illustrated in Figure 4-1, the nonsignificant interaction between computer

experience and online help format shows a trend for subjects in the text-only help con¬

dition to perform better than subjects in the text-with-motion-video help condition. The

between-groups performance difference tends to increase with increasing prior experi¬

ence. This nonsignificant ATI effect reflects that in this study text help with dynamic

pictorial elements were somewhat less helpful than text-only help, particularly for indi¬

viduals who had more extensive computer experience.

The nonsignificant trend toward an interaction between field dependence-

independence and online help format is shown in Figure 4-2. Visual inspection of the

regression lines for the two treatment groups reveals that as field Independence

increased, subjects in the text-with-motion-video online help format tended to score
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Figure 4-1. Nonsignificant CEXP x TREAT interaction.

higher on the posttest than highly field-independent subjects in the text-only group.

While this interaction effect did not achieve significance, the trend indicates that in this

study the performance of extremely field-independent subjects was higher when

dynamic pictorial presentations appeared in the online help messages. The task per¬

formance of the most field-dependent individuals, on the other hand, appeared to be the

same regardless of the online help format used.

As shown in Figure 4-3, the effect of time in help was very small (the slopes of

the regression lines are approximately zero) and the slopes of the regression lines for

the two treatment levels were nearly identical. There was no clear indication of a trend

toward an interaction between time in help and online help format. Regardless of how

much time subjects spent using help, the posttest performance score difference between

the two treatment groups remained very small.
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Figure 4-2. Nonsignificant FDI x TREAT interaction.

POST TREAT

TOH

TMVH

Figure 4-3. Nonsignificant THELP x TREAT interaction.
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The nonsignificant three-way interaction between computer experience, field

dependence-independence, and online help format is depicted in Figure 4-4. This

three-dimensional plot of two regression planes reveals a trend towards an interaction.

The lightly shaded plane, representing the predicted posttest scores for the text-with-

motion-video help (TMVH) treatment group, shows the combined effects of increasing

computer experience and increasing field independence. Among the very field-

independent computer experts (FDI = 18, CEXP = 60) in this group, the predicted

posttest score was 279.8. For extremely field-dependent computer experts (FDI = 0,

CEXP = 60) in the TMVH group, the predicted posttest score was 114.0.

The more heavily shaded plane in Figure 4-4 represents the predicted posttest

scores for the text-only help (TOH) treatment group. In this treatment group, very

field-independent computer experts (FDI = 18, CEXP = 60) had predicted posttest

scores of 300.6, only slightly higher than in the TMVH group. However, for extremely

field-dependent computer experts (FDI = 0, CEXP = 60) the predicted posttest score for

the TOH group was 247.1, much higher than the predicted score for the TMVH group,

114.0. This contrast shows that the presence of dynamic pictorials in online help was

related to a negative effect on performance for highly field-dependent computer experts.

For field-independent computer experts, however, there appeared to be no significant

application task performance difference between the two online help treatment groups.

The two regression planes depicted in Figure 4-4 reveal another aspect of the

trend towards a CEXP x FDI x TREAT interaction. For computer novices with high

field-independence (CEXP = 0, FDI = 18), the predicted posttest score for the TMVH

group was 165.8, while for similar individuals in the TOH group, the predicted score

was 69.3. For field-independent novices, therefore, the presence of dynamic pictorials

was associated with an increase in performance on GUI application tasks.

In the regression plots shown in Figures 4-1 and 4-2, there is visible evidence of

trends towards both a CEXP x TREAT interaction and a FDI x TREAT interaction.
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Figure 4-4. Three-dimensional plot of two regression planes showing nonsignificant
CEXP x FDI x TREAT interaction.

In addition, as shown in Figure 4-4, there was visible evidence of a trend towards a

CEXP x FDI x TREAT interaction. However, these Aptitude x Treatment interactions

were nonsignificant. Therefore, these interaction effects were ignored in the remaining

steps of the multiple covariance analysis. In the following discussion of treatment

effects, the regression slopes for the two treatment groups were assumed to be equal.
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Treatment Effects

Since there were no significant interactions and the assumption of homogeneous

regression slopes was valid, the analysis of treatment effects examined the adjusted

posttest performance means for the two treatment groups. The between-groups differ¬

ence on POST adjusted means was characterized by the difference on the Y-intercept

(S), calculated using the reduced ANCOVA model. This reduced model included the

covariates and the treatment factor but eliminates the interaction terms.

The regression coefficient estimates calculated using the reduced ANCOVA

model are given in Table 4-5. The between-groups POST adjusted means difference

attributable to the online help treatment is 12.31. The range of scores on POST was

from a minimum of 53.2 to a maximum of 273.7 (SD = 63.83). Given this distribution,

the between-groups difference on POST—independent of all covariates—was remarkably

small.

Controlling for the effects of the covariates, the reduced ANCOVA model pro¬

duced an estimate of the treatment effect on POST that was nonsignificant at the .05

alpha level. The very small between-groups difference on POST (6 = 12.31, 0.19 SD)

indicated that-independent of computer experience, field dependence-independence,

and time in help—the effect of online help format on application task performance in

this study was negligible.

Covariate Regression Effects

The final step in the ANCOVA hierarchical regression analysis was to examine

the regression of the dependent variable on the covariates. In the prior steps, interaction

and treatment effects were found to be nonsignificant. Removing the interaction and

treatment terms from the ANCOVA model resulted in a multiple regression prediction

equation. The regression coefficient estimates for this equation are given in Table 4-6.
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Table 4-5 Parameter Estimates for Reduced ANCOVA Model Regression Effects
with Nonsignificant Treatment

Parameter Estimate

Y-Intercept (a) 23.92

FDI (Pi) 4.67

CEXP (Pa) 2.72

THELP (Pa) -1.67

TREAT (5) 12.31

Using these estimates, predicted posttest performance scores were obtained. The
coefficient of multiple correlation for this regression equation, R = .733, was reasonably

high. About 53.9 percent of the variance on posttest performance was accounted for by

these three covariates.

The regression effects of POST on CEXP, and of POST on FDI, were found to

be significant. The regression slope of POST on CEXP is shown in Figure 4-5.

Examining only the effect of computer experience, the predicted posttest performance

scores ranged from 37.40 (CEXP = 0) to 194.71 (CEXP = 58). The regression effect of

CEXP, expressed in terms of the sample variance on POST, was 2.46 SD.

Table 4-6 Regression Equation Parameter Estimates for Reduced ANCOVA Model

Parameter Estimate

Y-lntercept (a) 37.40

FDI (Pi) 4.21

CEXP (Pa) 2.71

THELP (Pa) -1.84
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Figure 4-5. Regression effect of posttest task performance on computer experience.

The regression slope of POST on FDI is shown in Figure 4-6. The predicted

POST scores ranged from 37.40 (FDI = 0) to 113.24 (FDI = 18). The regression effect

of FDI, again standardized on the sample variance on POST, was 1.19 SD.

By comparing these regression contributions, or beta weights as they are often

referred to in multiple regression analyses, prior computer experience accounted for

more than twice the posttest variance that was accounted for by field dependence-

independence. Time in help accounted for slightly less posttest score variance, with a

beta weight of only 1.16 SD. With either increasing computer experience or higher

field independence, subjects' posttest task performance improved significantly, regard¬

less of online help format. Increased time in help was related to a performance decline

on the posttest. Computer experience accounted for more than twice the effect of field

dependence-independence.
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POST

Figure 4-6. Regression effect of posttest task performance on field dependence-
independence.

Summary

This study was conducted using a fully randomized experimental design with

pretest-treatment-posttest sequence. The sample of 38 subjects were randomly assigned

to one of two online help treatment groups. A multiple covariance analysis was applied

with computer experience, field dependence-independence, and time in help as three

covariates and posttest task performance as the dependent measure.

No significant Covariate x Treatment interactions were detected. Although the

interaction between field independence and online help format was not significant, a

trend towards an interaction was revealed. Highly field-independent subjects had higher

task performance in the text-with-motion-video help treatment. A trend towards a

Computer Experience x Treatment interaction was also observed. Subjects with very

high computer experience performed better in the text-only help treatment. Finally, a
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trend towards a three-way interaction was also revealed. Very field-independent com¬

puter novices had higher task performance in the text-with-motion-video help format,

while highly field-dependent computer experts performed better in the text-only help

treatment.

There was no significant effect resulting solely from the online help format.

When considered independent of computer experience, field dependence-independence,

and time in help, the use of dynamic pictorial elements in online help messages had a

negligible effect on application task performance.

Increased computer experience and greater field independence were significantly

and independently related to improved performance on application tasks in the unfamil¬

iar graphical user interface. Time in help was not significantly related to application

task performance, when controlling for differences in computer experience and field

independence.

The results of this study may contribute to our understanding of how computer

users learn to operate advanced graphical applications. When such learning involves

presentation of information via online help, knowledge of these aptitude effects can help

designers improve the design of online help information, particularly with respect to the

use of pictorial message elements. The implications of this study for the design of
online help systems, and for future research in this area, are discussed in the next

chapter.



CHAPTER 5
DISCUSSION AND RECOMMENDATIONS

Introduction

The purpose of this study was to examine the effects of field independence and

computer experience on computer users learning application functions in a graphical

user interface (GUI). Data were analyzed using a multiple covariance analysis. Analy¬

sis of application task performance detected significant regression effects for field

independence and for computer experience. No significant Aptitude x Treatment inter¬

action (ATI) effects were detected, although trends towards such interactions were

evident. Specific results of this study are discussed below with respect to the research

questions addressed. The significance of the results are then described within the con¬

text of the theories upon which this study was founded.

The implications of these results for future research and development of online

help systems and other aspects of human-computer interface design are also presented

here. Emphasis has been placed on recommendations for improving the design of

online help systems to accommodate differences in users' cognitive styles and prior

computer experience. The application of these findings to the design of adaptive

computer-based instructional systems is discussed, and several recommendations for

additional studies are presented.

Discussion of Findings

Each of the research questions posed for this study are examined in this section

based on the results and analysis presented in the preceding chapter, and subject to the

limitations within which this study was conducted. The limitations for this study
included the composition of the target population, the sample size obtained, the nature

76
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of the computer system and spreadsheet application involved, characteristics of the

dynamic pictorial elements used in the experimental treatment, and the instructional

design employed.

The null hypotheses tested in this study are examined below citing the signifi¬

cant findings of the analysis and relevant aspects of the data collected. These

hypotheses were stated pertaining to a learning situation where computer application

online help messages were displayed in a GUI, where the GUI was unfamiliar to the

users, and where the instruction was systematically varied by adding dynamic pictorial

elements to text-based help displays.

Hypothesis 1. No significant differences in application task performance result

from a three-way interaction among field dependence-independence, prior computer

experience, and the presence of dynamic pictorial message content in online help. This

hypothesis was not rejected.

The ANCOVA did not detect a significant three-way interaction effect. A trend

towards an interaction was evident, however, from a visual inspection of a plot of the

regression planes (see Figure 4-4). The presence of dynamic pictorials in online help

was related to a decline in application task performance for the most field-dependent

computer experts, while for field-independent computer novices the presence of

dynamic pictorials was associated with an increase in performance.

Limited power in the analysis inhibited detection of significant interaction

effects. The sample size obtained for this study was small (N = 38). Cronbach and

Snow (1977) recommended that ATI studies incorporate samples with at least 100 sub¬

jects per group. The lack of significance of the interaction effects in this study should

be viewed in light of the small sample size. The trends toward interactions observed in

this analysis are evidence of effects that require further study.
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Hypothesis 2. No significant differences in application task performance result

from an interaction between prior computer experience and the presence of dynamic

pictorial message content in online help. This null hypothesis was not rejected.

A test for an interaction effect between computer experience and the instruc¬

tional treatment on task performance—when controlling for individual differences on

field independence and time in help—did not reach significance. However, when the

predicted posttest performance scores were plotted for the two treatment groups against

computer experience, a trend towards an interaction effect was evident (see Figure 4-1).

An examination of this interaction plot revealed that students with the most computer

experience tended to perform better in the text-only help treatment than in the text-

with-motion-video help treatment. For students with low levels of computer experience

there was negligible performance difference between the treatment groups.

This interaction trend, although not significant, indicates that highly experienced

users may perform better on GUI application tasks when provided with text-only online

help than when help also includes dynamic pictorials. This assertion, however, should

be viewed in the most tentative manner. This trend towards an interaction effect

requires further investigation.

Hypothesis 3. No significant differences in application task performance result

from an interaction between field dependence-independence and the presence of

dynamic pictorial message content in online help. This hypothesis was not rejected.

The ANCOVA failed to detect a significant interaction effect between field

independence and treatment on posttest performance scores. An illustration of this

nonsignificant interaction effect, depicted in Figure 4-2, revealed different regression

slopes on posttest performance for the two treatment groups as field dependence-

independence varied. First, performance increased as field independence increased,

regardless of treatment. The increase in performance was greater when help messages

included dynamic pictorial elements than when help messages were text-only. This
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interaction trend indicated that as field independence increased, greater benefit was

gained from the motion video content. Although nonsignificant, this trend toward an

interaction was noteworthy in this study, particularly in light of the very small sample

size obtained.

This interaction trend is consistent with Witkin's field independence theory.

Individuals with higher field independence are better able to internalize and comprehend

the structure of visually complex stimuli (Witkin et al., 1971). Since the motion video

help displays used in this study were visually complex, the students who were most

field-independent were able to benefit most from them, while the more field-dependent

students benefited less. This interaction trend, while not significant, warrants further

investigation.

Hypothesis 4. No significant differences in performance on computer applica¬

tion tasks exist between subjects viewing text-only online help and subjects viewing

online help containing text and dynamic pictorial elements. This hypothesis was not

rejected.

There was no significant difference between treatment groups on posttest per¬

formance when controlling for between-subjects variance on computer experience, field

dependence-independence and time in help. The addition of dynamic pictorial message
elements to online help had no detectable effect on learning the spreadsheet application

tasks.

The absence of a treatment main effect was not unexpected in this study. The

lack of a treatment effect appeared to contradict Paivio's dual-coding theory applied to

online help message design. There appeared to have been no positive impact on appli¬
cation task performance resulting from the addition of motion video displays in help.
There were, however, several mitigating experimental design factors that may have

diminished the instructional benefits of dynamic pictorial elements. First, a primary
instructional design characteristic of online help is that it is learner-controlled.
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Computer-based instructional designs that are learner-controlled have been found to be

less effective than program-controlled designs (McNeil & Nelson, 1991). Because the

subjects in this study controlled their viewing of online help and dynamic pictorials,

control of exposure to the instructional treatments was limited. This is a problem

inherent to all studies involving learner-controlled computer-based instruction. Second,

subjects in both treatment groups selected and viewed an average of about nine help

topics. On average, students displayed help messages for less than five percent of the

total training time. The exposure to the experimental treatment was therefore relatively

brief. Third, the clarity of the motion video images was reduced by the compression-

decompression methods inherent in the digital video technology employed. This may

also have reduced the effectiveness of the pictorial sequences. Finally, since the GUI

and the application were unfamiliar, and the video segments presented images captured

from that interface, the pictorial displays contained visually unfamiliar-and perhaps

unrecognizable-interface features. These four methodology factors may have dimin¬

ished the potential instructional benefits of the dynamic pictorial message content. The

potential for dynamic pictorial elements to contribute to learning from online help

should not be entirely disregarded on the basis of this nonsigificant finding.

Hypothesis 5. No significant relationship exists between prior computer experi¬

ence and a computer user's performance on computer application tasks in an unfamiliar

GUI. This null hypothesis was rejected.

A significant regression effect for computer experience (CEXP) on posttest per¬

formance (POST) was detected. This effect demonstrated the significant relationship
between computer experience and application task performance when individual differ¬

ences of field dependence-independence and time in help were controlled by using these

variables as covariates.

Computer experience, as measured using the Computer Experience and Compe¬
tence Survey, proved to be a useful predictor of success for the computer-based training
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implemented in this study. When learning graphical application functions in an unfa¬

miliar GUI, where instruction was provided in an online help environment, individuals

with extensive computer experience would be expected to perform significantly better

on application tasks than would individuals who had little prior computer experience.

Importantly, the precise nature of prior computer experience need not be determined.

The CEXP score, a general measure of prior experience, was found to be significantly

related to application task performance in this study.

Hypothesis 6. No significant relationship exists between field dependence-

independence and a computer user's performance on computer application tasks in an

unfamiliar GUI. This hypothesis was rejected.

A significant regression effect was detected for field dependence-independence

(FDI) on posttest performance (POST), when differences in computer experience

(CEXP) and time in help (THELP) were controlled by using these concomitant vari¬

ables as additional covariates. This relationship indicated that students with higher field

independence performed more accurately, more rapidly, or both on task-based perfor¬

mance measures when learning application functions in the unfamiliar direct-

manipulation GUI.

Individuals who were highly field-independent, who had demonstrated strong

visual disembedding skills on the Group Embedded Figures Test (GEFT), were better

able to interpret and manipulate the complex visual environment of the graphical

spreadsheet application in this study. Because the GUI for the PM Chart application

was relatively complex—compared with other direct-manipulation application
interfaces—this effect may have been amplified. The relationship between field inde¬

pendence and application task performance might not be detected in studies of

applications having simpler user interfaces.
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Summary

Effects on application task performance. Significant effects were found for both

computer experience and cognitive style on application task performance. Performance

improved as computer experience increased and as field independence increased. The

relationship between field independence and performance was weaker than that found

between prior experience and performance. No significant Aptitude x Treatment inter¬

actions were detected related to performance on application tasks, although trends

toward such interactions were observed. The small sample size obtained for this study

reduced the power of this experimental design to detect significant ATI effects. Future

studies examining these questions should be conducted with much larger samples.

Caution regarding generalizations. These results are interpreted here only with

respect to the population sampled for this study. Caution must be exercised when

attempting to generalize these findings to other populations. In addition, the effects of

cognitive style and computer experience on application performance and online help

usage must be understood in relation to how these variables were operationally defined

and measured in this study. In particular (a) cognitive style referred to field indepen¬

dence as measured with the Group Embedded Figures Test; (b) computer experience

was measured using the Computer Experience and Competence Survey; (c) time in help

was measured as the total time that application help was displayed during the training

lessons; and (d) application task performance was measured in the PM Chart graphical

spreadsheet application. Generalization of these results to different populations or other

instructional conditions is not recommended.

Recommendations for Future Research

The results of this study may be applied to improving the design of the

human-computer interface (HCI), particularly with respect to online help systems. In

addition, these findings may influence the design of future intelligent tutoring systems;

computer-based instructional systems that can automatically sense and immediately
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adjust to salient characteristics of learners while they are learning. Finally, this study

can be used as an example of applied research where theoretical problems of instruc¬

tional design may be investigated while significant progress is also made in the

development of advanced instructional systems software. These recommendations are

presented to prompt other researchers to conduct additional research regarding similar

instructional design problems.

Improving HCI Design

The results of this study may lead to improvements in the design of online help

and other interface features. Both computer experience and field independence were

found to be significantly related to performance on graphical application tasks. There

was a trend toward an interaction between field independence and the use of motion

video affected task performance. Similarly, there was a trend toward an interaction

between computer experience and the presentation of dynamic pictorials in online help

that also affected task performance. Each of these results should be considered when

designing features of graphical user interfaces.

Sensitivity to user experience. As other research on learning in human-computer

interfaces has shown, students' prior experience with computers had a significant effect

on their performance in the OS/2 graphical spreadsheet application. Understanding this

effect, and developing advanced interface features to accommodate different levels of

user expertise, should be a high priority for those engaged in human-computer interac¬

tion research and development. Novice users should find the features of a GUI

intuitively obvious and easy to leam. Expert users should also find these features intui¬

tive, consistent, and efficient to manipulate. A key goal for HCI designers must be to

not place either experts or novices at a disadvantage by incorporating complex or inef¬

ficient features into a GUI. Moreover, interface features that might significantly
influence the operation of the system or application should first be examined in
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prototype form and then be evaluated in realistic work settings with groups of potential

users who vary considerably in their prior computer experience.

One example of GUI features that created difficulty for novice users was appar¬

ent in this study. Several subtle marking techniques—often small or marginally visible

graphical symbols—were used in this GUI that indicated changes in status for icons,

windows, and other controls. These subtle visual cues were difficult for novice users to

recognize. Novices appeared to learn to recognize and identify these markings less

readily than experts. Also, icons that appeared nearly identical (e.g., OS/2 icons for

folders and folder templates) were often misidentified by novice users. More experi¬

enced users required less practice to correctly identify and manipulate such similarly

appearing objects. HCI designers should carefully evaluate instances ofminimally cued

interface changes, and the use of similarly appearing visual symbols, to determine

whether novices can correctly identify and manipulate them.

Sensitivity to cognitive style. Design problems similar to those discussed above

also relate to designing graphical interfaces that are as usable for field-dependent users

as they are for field-independent users. There was no data from this study to suggest

that expert users were also highly field-independent. Designers therefore cannot assume

that features of a graphical interface that are more usable for novice users will auto¬

matically be usable by those with low field independence. Different design issues arise.

For example, would field-dependent users find a tree-structured file management inter¬

face more usable than a flowed-icon interface? Would field-dependent users find a

series of graphical function buttons more efficient to manipulate than pull-down menus?

How would the performance of field-independent users be influenced by these different

interface structures? These design questions can best be resolved if further research into

these phenomena is conducted.

Appropriate use of dynamic pictorials in help. One important instructional

design issue prompting this research was the appropriate use of pictorial message
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content in online help. The objective of this study was to examine what relationships

exist between the presentation of dynamic pictorials in help, the users' computer

experience and cognitive style, and their performance on application tasks in a GUI.

One inference that may be drawn from these results is that motion video images did not

appeal to or did not benefit the most experienced computer users. Using text-only help,

expert users were somewhat better able to understand and control the application inter¬

face. When motion video images were added to online help, expert users' performance

did not increase as much as with text-only help. Also, the addition of motion video

images appeared to increase the performance of the most field-independent users while

there was no such benefit for field-dependent users.

If these results can be replicated, designers of online help systems might utilize

these findings in designing online help and other computer-based tutorial environments.

The design of online help for novice users may make greater use of dynamic pictorial

content than would be used in help designed for expert users. In addition, alternative

visualization techniques might be incorporated to support field-dependent users who

would not benefit from the type of dynamic pictorials used in this study. Interface

designers, whether focused on computer application or operating system interface fea¬

tures, should systematically evaluate the range of cognitive and affective responses

elicited by the online information in their products.

Shneiderman (1986) identified sensitivity to individual differences as one of the

most important issues in HCI design. He urged researchers to develop "design guide¬

lines to support individuals with differing gender, age, education, ethnic background,

cultural heritage, linguistic background, cognitive styles, [and] learning styles" (p. 346).

Advances in HCI design must rely more heavily on the result of rigorous, theoretically
motivated studies of user behavior. Studies that concentrate on the effects of individual

differences, and the ATI effects between these differences and features of the user

interface, will help improve the quality of human-computer interaction.
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Intelligent Tutoring Systems

The effects of computer experience and field independence on the use of online

help identified in this study can be applied to improving the design of adaptive instruc¬

tional systems. Online help is one class of computer-based instructional system that

typically has very limited ability to adapt to users' individual characteristics. An intel¬

ligent tutoring system (ITS) is a computer-based instructional environment that

incorporates heuristic decision-making capabilities which allow it to appropriately adapt

instructional presentations to best fit certain characteristics of each individual learner.

The results of this and similar studies may be incorporated into the design of an

ITS through the development of heuristics relating aptitude variables to parameters of

instructional design. This would allow an ITS, for example, to appropriately adapt

aspects of an instructional presentation to users with differing levels of computer expe¬

rience or field independence. This can be done through interactive determination of

individual aptitudes, tracking user interface actions, and providing for user control and

customization of information presentation parameters.

Interactive assessment of individual differences. In this study, group-
administered assessment instruments were used to determine the level of students'

computer experience and field independence. Ideally, an ITS could measure these traits

using an interactive, online assessment. Methods for performing a variety of interactive

assessments are being developed by researchers (Perez & Seidel, 1990). Interactive

techniques to measure field independence, such as an online form of the Group

Embedded Figures Test, might be developed. Alternative techniques to assess field

independence could be incorporated into the interface such that the individual would not

become aware that an aptitude test, per se, was being administered. One advantage of
this approach would be that aptitudes could be measured without requiring separate

testing and data entry procedures. The major benefit, however, would be the capacity to
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individualize presentation of information by matching presentation attributes to learner

characteristics.

Tracking interface activity. In this study, the use of online help was tracked

automatically by software that logged all help topic display activity without the

student's awareness. The data collected included time in help, the number of help topics

opened, the names of the help topics opened, time in help per topic, and the frequency

of playing motion video sequences. Further collection and analysis of such data might

provide information useful to both the online help designers and the application devel¬

opers. In an ITS, tracking user actions in this way would provide a continuously

updated source of information containing patterns of user response to instructional

messages. Decisions regarding instructional presentation may then be made on the basis

of that information. In addition, similar tracking logic could be incorporated into any

graphical application to construct a profile of a user's manipulation of interface objects.

This profile could be examined periodically, and if the pattern of manipulation fell out¬

side certain parameters, the interface might automatically present an explanation of that

object, or change the object so it would be easier for that user to understand.

User customization of interface features. Most graphical user interfaces devel¬

oped for wide use, such as the workplace model incorporated into IBM Operating

System/2, provide features that support interface customization by individual users.

This customization includes how icons are arranged, how different mouse buttons affect

objects in the interface, the colors used to highlight various interface controls, the type

and degree of confirmations required for actions on certain objects, and many other

features. Online help systems should provide for similar customization capabilities.

One user may wish to have information presented with audio-only or audio-visual con¬

tent, while other users may prefer a text-only display. Once users have determined

what information formats and features best suit their needs, they would be able to cus¬

tomize the help environment accordingly.



88

Related Research Issues

Beyond the scope of this study are many related issues that future research

should address. Core issues raised by this study concerned the design of online help

messages, appropriate use of dynamic pictorials in online help, and the relationship

between cognitive style, computer experience, and performance on tasks in graphical

user interfaces. Related issues raised by this study that require further investigation are:

(a) the effects of alternative visualization techniques; (b) measuring performance sensi¬

tive to field independence; (c) potentially negative effects of using dynamic pictorial

elements; and (d) the relationship between computer experience and field independence.

Alternative visualization techniques. The trend toward an interaction between

cognitive style and use of dynamic pictorials in online help that influenced application

task performance indicated that for some users, in certain applications, such visuals may

have a desirable effect. Would a similar effect have occurred if the dynamic pictorial

content had been presented using a different technique? For example, would animated

bitmaps that precisely matched the application interface have been more effective in

improving performance across all levels of field dependence-independence? Would a

similar ATI effect be observed with an animated bitmap sequence, or would the effect

be modified? Did the visual blur effect in the digital motion video images in this study

have a negative influence on students' task performance? Future studies comparing

motion video with other visualization techniques may answer these and other related

questions.

Performance measurements sensitive to field independence. Another research

question is related to the small effect size detected for field independence in this study.

Did the manner in which performance was measured, whereby each subtask was scored

as either success or failure, overlook subtle ability differences related to field indepen¬

dence? Would a more fine-grained measure of task completion have been more

sensitive to the effects of cognitive style? Would a different approach to performance
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testing yield a more sensitive measure for this type of study? The disembedding skill

attributed to highly field-independent users might not be measured in certain user inter¬

face tasks. Further research in this area should focus on identifying the categories of

interface actions or objects that field-dependent users find most difficult to master.

Such studies would lead toward a more complete understanding of the nature of cogni¬

tive style influences on human-computer interaction.

Negative effects of dynamic pictorial elements. Although not significant, the

trend toward an interaction effect between computer experience and use of motion

video on application task performance is indicative of an effect that should be

investigated further. Specifically, does the use of dynamic pictorials (i.e., motion video)

in online help contribute to a decline in performance as an individual's computer

experience increases? If such an effect can be clearly demonstrated, online help sys¬

tems may be designed to track user activity so that as a user's experience in the

application interface increases, the use of dynamic pictorials in online help would be

decreased. More conclusive evidence of such an ATI effect is required before such

implementations would be justified.

The relationship between field independence and computer experience. In this

study, no relationship was found between these aptitude measures. The data appear to

indicate that as computer users become more experienced, their level of field indepen¬
dence is not affected. Would field independence remain constant through all types of

computer experience? Could prolonged, intensive experience with GUI applications

increase individuals' field independence? If such an effect could be demonstrated,

future online help systems could be designed to accommodate change in a user's cogni¬
tive style, as well as change in the user’s level of computer experience.

Future studies addressing these and other related questions would help develop
valuable HCI design guidelines, and contribute further to understanding the effects of

field dependence-independence and computer experience on learning to operate
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computers with direct-manipulation graphical user interfaces. This promising research

direction provides an opportunity to develop and evaluate instructional message design

theory while simultaneously advancing the art of human-computer interface design.

Each of the findings reported here require further investigation. This study

demonstrated trends toward ATI effects anticipated by instructional design theory. It

also provided new evidence of a significant positive relationship between field

independence and task performance in a graphical user interface. For HCI design to

benefit from these findings, however, further studies are needed to isolate specific

features of graphical user interfaces that contribute to poor performance in

field-dependent users. Such interface features might then be eliminated for those users

by incorporating user-customization capabilities or by adding adaptive interface fea¬

tures. Greater sensitivity to individual differences will help make computers more

human-literate, rather than requiring all users to become computer-literate.

Summary

This study was conducted to examine the effects of field independence and

computer experience on learning application functions in a graphical user interface

where online help was the primary instructional resource. The experimental instruc¬

tional treatment consisted of online help incorporating dynamic pictorial message

elements. From a university student population in an undergraduate business manage¬

ment course, 38 subjects volunteered for computer-based training. The subjects were

randomly assigned to one of two treatment groups that varied only the online help

format: text-only help and text-with-motion-video help. In both treatment groups, the

display of help information was controlled by the subjects.

For this study, a fully randomized design with pretest-treatment-posttest

sequence was used. Data were analyzed using a multiple covariance analysis. Field

dependence-independence, computer experience, and time in help were applied as the

covariates. The grouping factor was the online help treatment. The dependent measure
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was performance on application tasks in the training posttest. Significant effects on task

performance were found for both field independence and computer experience. No

significant interaction effects were found between field independence and treatment or

between computer experience and treatment.

From an analysis of these results, several tentative conclusions were drawn.

First, the performance of computer users on GUI application tasks increased as either

field independence or computer experience increased. Second, there was a trend toward

a Field Independence x Treatment interaction. The positive influence of field indepen¬

dence on task performance was greater when online help incorporated dynamic pictorial

message elements. There was also evidence of a trend towards a Computer Experience

x Treatment interaction. As computer experience increased, the presence of dynamic

pictorial elements in online help had an increasingly negative effect on application task

performance.

The results of this study should be independently confirmed before these tenta¬

tive conclusions are applied in HCI design and development. Also, these results may

not apply to other populations or for other types of computer applications or user inter¬

faces. Further research into the effects of field independence and computer experience

on human-computer interaction are warranted. The results of future studies in this area

can lead to the development of intelligent, adaptive user interfaces that are sensitive to

individual differences. As working with computers becomes an increasingly pervasive

aspect of life, the application of instructional design principles to improving human-

computer interaction must become an interdisciplinary priority.



APPENDIX A
OS/2 TRAINING SIGN-UP FORM

The sign-up form on the following page was distributed to students in university

classrooms when the students were first contacted about participating in this study. The

students were requested to volunteer for training on a new computer system (OS/2) and

spreadsheet application. The sign-up form included a brief series of demographic and

computer experience questions to obtain cursory descriptive data on the population

being solicited.
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Volunteer Sign-up Form for OS/2 Training

IBM personnel will be conducting an OS/2 training session as part of a study of
learning using computers.

By completing this form, I am indicating my interest in participating in an
Introduction to OS/2 Version 2.0 training session to be held this semester at IBM
Corporation facilities in Boca Raton. Participation is voluntary.

Please fill in the following information, and sign below the statement at the
bottom. You may be contacted later to confirm your interest in volunteering for the
study.

Student’s Name Local Phone

Indicate best time to call:
Day(s):
Time(s):

Academic status at FAU (check one):
Freshman Sophomore Junior Senior
Graduate Other

Prior computer experience (check all that apply):
"A little" "Moderate" "A lot"

Have used a computer
IBM or compatible
Apple Macintosh
Other

Have used spreadsheet
Have used word processor
Have used Windows (TM)
Have used OS/2

By signing below I indicate my interest in participating in an Introduction to
OS/2 Version 2.0 training session. I understand that I am under no obligation to
participate, and may withdraw from participation at any time.

Student's signature Date



APPENDIX B
COMPUTER EXPERIENCE AND COMPETENCE SURVEY

Survey items excerpted from the Computer Experience and Competence Survey

(CECS) are included in this appendix. The CECS, as described in Chapter 3, was

composed of three scales. For this study, only 23 of the 39 items in the Computer

Experience scale were used to assess the students' prior computer experience. These 23

items are presented in the following pages, preceded by the instructions for taking the

survey. Some items included in the CECS were derived from the Computer

Competence test of the 1986 National Assessment of Educational Progress'. These

items have been edited for use here.

1 Items from the 1986 NAEP Computer Competence test are used by permission from
Educational Testing Service and the Office of Educational Research, United States
Department of Education.
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COMPUTER EXPERIENCE AND COMPETENCE SURVEY

Taking the Computer Competency Test

The test is comprised of 94 items divided into four sections:

1. Background Survey
2. Computer Experience
3. General Computer Knowledge
4. Computer Applications Knowledge

The first two sections are composed of survey questions. For these two sections, please
respond to all questions with the one answer that describes you best.

For the last two sections, each question has a single correct answer. You should try to
respond to all questions. All questions are multiple choice. Only one response is allowed
for any question.

You will have 30 minutes to complete all questions.

STOP HERE. Wait for the test proctor to tell you to begin.
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Computer Experience

For all questions in this section, select only the one best response describing your
experience with computers.

9. Have you ever used a computer?
a. Yes
b. No

(Note: Items 10, 11, and 12 were removed from the scored assessment.)13.How long have you used a computer at work or school?
a. I have never used a computer at work.
b. Less than 6 months
c. 6 months to 1 year
d. 2 years to 5 years
e. More than 5 years14.About how many hours per day do you use a computer at work or
school?
a. I never use a computer at work.
b. Less than 1 hour
c. 1 to 2 hours
d. 2 to 4 hours
e. More than 4 hours15.How long have you used a computer at home?
a. I have never used a computer at home.
b. Less than 6 months
c. 6 months to 1 year
d. 2 years to 5 years
e. More than 5 years16.About how many hours per day do you use a computer at home?
a. 1 never use a computer at home.
b. Less than 1 hour
c. 1 to 2 hours
d. 2 to 4 hours
e. More than 4 hours
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(Note: Items 17 and 18 were removed from the scored assessment.)19.How often do you use a windowing computer system or product?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day20.How often do you use a computer to write reports, letters, stories,
or other compositions?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day21.How often do you use a computer to solve mathematical or statistical
problems?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day22.How often do you use a computer to perform scientific measurements,
solve science problems?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day23.How often do you use a computer to play games?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day
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a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day25.How often do you use a computer to send and receive electronic
messages (e-mail)?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day26.How often do you use a computer to draw?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day27.How often do you use a computer to make spreadsheets?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day28.How often do you use a computer to create charts or graphs?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day29.How often do you write computer programs?
a. Never
b. Less than once a week
c. About once a week
d. Several times a week
e. Almost every day
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(Note: Items 30 and 31 were removed from the scored assessment.)

When using a computer, have you ever:32.Named or renamed a file?
a. Yes
b. No33.Made a copy of a file?
a. Yes
b. No

34. Deleted a file from a disk?
a. Yes
b. No

35. Loaded a program into memory?
a. Yes
b. No36.Saved a program on a disk?
a. Yes
b. No37.Run a program?
a. Yes
b. No

(Note: Items 38,39, and 40 were removed from the scored assessment.)

41. Used a printer?
a. Yes
b. No

(Note: Items 42 to 47 were removed from the scored assessment.)

This is the end of the computer experience section. YOU MAY PROCEED directly tothe next section.



APPENDIX C
COMPUTER TRAINING LESSONS, PRETEST AND POSTTEST

Representative portions of the training materials used in this study are included
in this appendix. The training materials consisted of general instructions, pretest tasks,

training lessons, and posttest tasks. The general instructions are presented first, fol¬

lowed by the three pretest tasks. Of the 12 training lessons, Lessons 1, 5, and 9 are then

presented, followed by the three posttest tasks. Lessons 1, 5, and 9 are representative of
the gradually increasing difficulty encountered in the training lessons. Lesson 1 was

drawn from the low difficulty group, Lesson 5 was selected from the medium difficulty

group, and Lesson 9 was taken from the high difficulty group.

100



101

INTRODUCTION TO OS/2

"Working with OS/2" Video

You are about to begin learning how to use OS/2 version 2.0 and an advanced OS/2
spreadsheet and graphing program. Relax and have fun learning to use OS/2!

The first step of the training is to watch a video tape about OS/2 called Working With
OS/2 Version 2. This video runs about 40 minutes. In it you will learn about many fea¬
tures of OS/2 and how to use them.

Don't worry about having to remember everything in the video. After you have finished
watching the OS/2 video, you will begin working with the OS/2 system and practice the
tasks you see in the video tape.

When you are finished watching the video tape, let the instructor know that you are ready
to start the OS/2 Tutorial.

OS/2 Online Tutorial

The next step in the training is to complete the OS/2 Tutorial. This is an interactive,
online tutorial for OS/2 version 2.0. You'll find that the system has been set up for you
with the tutorial already open and ready for you to begin.

If you are already familiar with the information presented by the OS/2 Tutorial, feel free
to skip any part. However, if you have little experience using OS/2 version 2.0, you
should learn as much as you can from the Tutorial. Remember that OS/2 version 2.0 is
different from previous versions ofOS/2. The tutorial has been prepared to help you
understand these differences and make using OS/2 easier.

When you are finished with the OS/2 Tutorial, please let the instructor know you are
ready to begin the pretest.
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OS/2 Training Pretest — Instructions

Before starting the training, we want to measure what you have learned from the OS/2
video tape and Tutorial, along with what you may already know about using OS/2 or
computer systems like OS/2.

There are three tasks in this pretest, and each task is timed. You will have up to 10 min¬
utes to complete each task. Online Help is available if you need it. If you cannot figure
out how to do the task, even after using online help, you may stop work on the task and
ask the instructor for the next one.

If you are still working on a task when the 10 minute time expires, the instructor will ask
you to stop, and will prepare your computer for the next task. You may then continue to
the next pretest task.

Note: Because OS/2 and PM Chart may be totally new to you, it may be hard to complete
any of these pretest tasks. Don't worry though. After the pretest, you'll begin the training
tasks. There you will learn, step by step, to master the OS/2 2.0 Workplace Shell and the
PM Chart application.

Before starting the pretest, please make sure that you have closed the OS/2 Tutorial.
Remember, you may click on the "Exit" push-button in the Tutorial, or double-click on its
title bar icon.

Now your OS/2 Desktop should have several icons, but no open windows.

When you are ready to begin the first pretest task, let the instructor know and he will give
you the task description.
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Pretest Task A — Opening an Existing Graphic File

The objective of this task is to create a new folder object, open an OS/2 application, and
load a graphic file. There are five steps in this task. Be sure to complete each step, one at
a time.

1. Locate the "Templates" folder icon and open the Templates folder.

2. Using the "Folder" template, create a new folder on the OS/2
desktop.

3. Open the "APPS" folder and locate PMCHART.EXE. Using the
PMCFLART.EXE program icon, open the PM Chart application.

4. Using the PM Chart "File" menu, Open the file called INVEST.GRF.
The drawing that appears includes a pie chart with labels, a colored
background, a title, and a "dollar bill" figure.

5. Using the "Change" menu, open the "Color/Style" dialog box. Then
select the "Text" button in the Color/Style dialog. The "Text”
button should now be highlighted.

You have completed the first pretest task. The PM Chart application is open, the
INVEST.GRF file is displayed, and the Color/Style dialog is open.

Please let the instructor know you are ready to start Task B.
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Pretest Task B — Modifying a Pie Chart

The objective of this task is to add a rectangle around the pie chart, and change the
worksheet data for the pie chart. There are five steps to this task. Be sure to complete
each step, one at a time.

1. First, close the Color/Style dialog. Then select the Draw tool
button on the tool bar and select the Rectangle button in the pop
out menu. The mouse pointer will change to look like a pencil with
a small rectangle when the pointer is over the drawing area.

2. Using the "draw rectangle" pointer, create a rectangle around the
pie chart. This rectangle will serve as a frame for the pie chart.
Next, select the rectangle you just drew and then open the
Color/Style dialog.

3. Select the Line button in the Color/Style dialog, and using the
"Style" pulldown menu, select "Width" and set the rectangle's line
width to .104" (.104 inch).

4. Now, using the Worksheet tool on the tool bar, open the PM Chart
worksheet window and then move the worksheet window down toward the
bottom of the PM Chart window.

5. In the worksheet, change the data value for "Bonds" from 17.0 to
7.0, and change the value for "Savings" from 8.45 to 18.45. Then
close the worksheet window to update the pie chart.

You have completed the second pretest task. The graphic now has a frame surrounding
the pie chart, and the pie chart looks different because the data in the worksheet was
changed.

Please let the instructor know you are ready to start Task C.
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Pretest Task C -- Changing Title Text and Color

The objective of this task is to modify the title, change text font settings, and save the
graphic to a new file. There are five steps to this task. Be sure to complete each step, one
at a time.

1. Using the mouse pointer, select the chart title text: "Investment
Returns". Then using the Edit menu, clear the title from the
drawing page.

2. To create a new title, select the Text tool, then select the Create
Text button. The mouse pointer will change shape to an arrow with
the letter "T". Now, select a point near the top of the drawing
page and type: "Portfolio Earnings".

3. Now, select the title text object you created. Again using the
Text tool button, open the "Fonts - Options” dialog. Then set the
font size to 36 points, "Times New Roman Outline", with "bold"
style.

4. Now move the title text to center it over the pie chart. Then
resize (stretch) the title text so that it appears about as long as
the pie chart is wide.

5. With the title text still selected, open the Color/Style dialog and
use the "Palette" menu to select a new color range. Then set the
text color for the title. Finally, save the graphic to a new file
named INVEST2.GRF.

Good! You have completed the third and final pretest task. The modified pie chart
graphic has a new, colorful title and has been saved to a new file.

Please let the instructor know you have completed the pretest. You are now ready to
begin the PM Chart training lessons.
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OS/2 Training — Instructions

The next training activity is comprised of twelve lessons that will help you learn how to
use OS/2 Version 2, and a spreadsheet and graphics program that comes with OS/2: PM
Chart.

PM Chart lets you prepare informative graphical data presentations based on data from
spreadsheet programs such as Lotus l-2-3; or Microsoft Excel3. Spreadsheet data is first
loaded into PM Chart, then by using the PM Chart "Toolbar" functions, you can create
and edit graphs and charts that display the data in various formats and colors.

In this training, for example, you will turn an "Expenses" spreadsheet into a presentation
graphic containing a bar chart. You will then add a title, colors, drawings, and other
graphical contents to help depict the data.

To successfully complete these lessons, you may need help! OS/2 provides online help in
the Desktop and in applications. In addition, keep in mind the following suggestions as
you work on the lessons:

1. Use the online Help functions whenever needed to learn how to
manipulate the OS/2 Desktop or the PM Chart program. Although you
have no printed manuals describing how to use the system, all the
information you need is ready at your fingertips using the online
help functions. Remember these four ways to access Help:

a. Press the "FI" key
b. Pull down the "Help" menu from the action bar
c. Click on the "Help" push-button when one appears
d. Look up the topic in the Master Help Index

2. Although time is limited, feel free to explore the information
available to you in Help. Likewise, feel free to explore using the
application menus if you think it may help you to more fully
understand the application and how to finish the lesson.

3. This training is organized in the form of a project, arranged as a
series of lessons. Each lesson, when completed, prepares you to
start the next lesson. For each lesson, five steps are given.
Follow these steps in order to complete the lesson.

4. For each step in any lesson, directions are given that describe what
to do. This is followed by a "HINT" section that gives you more
information on how the step may be completed. These "HINTS" may be
ignored if you feel comfortable with how to complete that step.
When in doubt, read the "HINT" closely.

2 Lotus and 1-2-3 are registered trademarks of Lotus Development Corporation.
1 Microsoft is a registered trademark and Excel is a trademark ofMicrosoft Corporation.
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5. If you are not sure what is meant by the printed instructions you
receive for a lesson, and you cannot proceed, you may ask the
instructor for assistance.

6. You can take a break between lessons. Just let the instructor know
before starting the next lesson that you’d like to take a break.

When you are ready, you may begin with Lesson #1. Please ask the instructor for the
lesson description.
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Lesson #1 — Create a New Folder

This lesson is the first step in your project to create a graphical data presentation chart
using OS/2 and PM Chart. First you'll practice making changes to an existing graphic,
then you'll create your own graphic presentation file.

Before starting this lesson, please make sure that you have closed the OS/2 Tutorial.
Remember, you may click on the "Exit" push-button in the Tutorial, or double-click on its
title bar icon. Now your OS/2 Desktop should have several icons, but no open windows.

The objective of this lesson is to create a new Folder object that you will call "My
Project". There are five steps to this lesson. Be sure to complete each step, one at a time.
Use the HINTS ifyou need help.

Remember — when in doubt: Use OS/2 HELP!

1. Locate the "Templates" folder icon on the OS/2 desktop and
double-click on the icon to open the Templates folder.

HINT: To get help for Templates, move the pointer over the
Templates icon and press the right mouse button. This opens the
object's menu. In the menu, select Help, and "Help for Templates"
will be displayed.

2. Create a new folder by dragging a Folder template from the Templates
window onto a blank area of the OS/2 desktop.

HINT: If you need help for creating a new folder, open the Folder
template's popup menu and select "Help". In the help window,
double-click on "Creating an object (using a template)" to view that
information. Double-click on any other highlighted (green) phrase
for further information.

3. Change the name of the new folder from "Folder" to "My Project".

HINT: If you need help for renaming objects, open the Master Help
Index, select the "Search topics..." button, enter "changing names"
in the search string, and select the "Search" button. Look for
"folder object — changing names". Double click on this item to
display the "Changing names of Objects" information.

4. Now, close the Templates folder window.

HINT: You can close a window by double-clicking its title bar icon.

5. Finally, open the "My Project" folder window, and then move the
window to the lower left comer of the OS/2 desktop.

You have created a "My Project" folder, and now have its window open on your OS/2
desktop. Currently, the folder is empty.

You have completed Lesson #1. Please let the instructor know when you are ready to
proceed with Lesson #2.
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Lesson #5 — Add New Graphic Objects to Figure

In this lesson, you will create a rectangular frame around the pie chart, set the rectangle's
line width and color, and save the graphic file. Each step may require more than one
operation. Be sure to complete each step before proceeding to the next step.

Remember: When in doubt use PM Chart Hein!

1. Select the Draw tool button on the tool bar (near the left edge of
the PM Chart window), and then select the Rectangle button in the
pop out menu. The mouse pointer will change to look like a pencil
with a small rectangle when the pointer is over the drawing area.

HINT: Moving the pointer over the tool bar displays information
about each tool in the status area at the bottom of the PM Chart
window. To get help using the Draw tool, open the PM Chart Help
Index and find "drawing". Double-click on that topic to open the
"Help for Draw" information.

2. Using the "draw rectangle” pointer, create a rectangle around the
pie chart. This rectangle will serve as a frame for the pie chart.

HINT: To get help for drawing rectangles, with the "draw rectangle"
pointer visible, press the "F1" key to display "Help for Rectangle".
Select the phrase "Creating closed symbols" for more information.

3. Now, return to the default pointer by clicking on the Select Arrow tool
on the tool bar. Next, select the rectangle you just
drew (click on any comer). Then, open the Color/Style dialog
(using the "Change" pulldown menu).

HINT: Help for Select Arrow can be displayed by opening PM Chart
Help, selecting the "Search..." button, and typing "select arrow".
Select the "All sections" button, then press "Search". From the
search results window, select "Help for Select Arrow".

4. Select the "Line" button in the Color/style dialog, and using the
"Style" pulldown menu, select "Width" and change the rectangle's
line width to .062” (.062 inch).

HINT: Help for setting line width can be displayed by pressing "FI"
when the "Width" option is selected from the "Style" pulldown menu.

5. With the Line button still selected in the "Color/Style" dialog,
change the color of the rectangle outline. Then, save the graphic
file once again.

In this lesson, you created a rectangle around the pie chart, changed the line width for that
rectangle, and set its color, making a frame for the pie chart. You also saved the graphic
file.

You have completed Lesson #5. Please let the instructor know when you are ready to
proceed with Lesson #6.
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Lesson #9 — Change Chart Position, Size and Colors

The next step in your project is to move and resize the bar chart for the new page format,
and then change the chart colors and label colors. There are five steps in this lesson.

Remember: When in doubt use PM Chart Hein!

1. Move and resize the bar chart to center and fit in the new drawing
page orientation. Using the page rulers, leave approximately 1-inch
margins around the edges as you size and position the chart. Then,
open the Colors/Style dialog.

HINT: Help for moving and sizing objects can be displayed by
selecting "Moving a symbol" in the Help index.

2. To change the colors of the bar chart, be sure the chart is
selected. Using the Color/Style dialog, select "Chart colors" from
the pulldown menu. Then select a color (double-click on any color
square).

HINT: To get help for "Color/Style”, press the "Help" push-button in
the dialog.

3. Next, to change the text colors, select one of the text labels in
the chart (such as "Phone”). Then open the "Colors/Style" dialog.
Select the "All text" button (at the bottom of the dialog), then
select a color.

4. Now, color the chart "axis frame". In the three-dimensional chart, each
axis is a rectangle viewed in perspective. Select the axis frame
(small white "handles" will appear at each comer). Open the
Color/Style dialog. Select the same color you used for the chart
labels.

5. Finally, deselect the chart object (click in any blank area of the
drawing page away from the chart), then save the drawing in a file
called "EXPENSE3.GRF".

In this lesson, you resized and moved the chart to fit the page orientation, and changed the
chart and label colors. Finally you saved the graphic to a new file.

You have completed Lesson #9. Please let the instructor know when you
are ready to proceed with Lesson #10.
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OS/2 Training Posttest — Instructions

Now that you have completed the training, we want to measure what you have learned.
We can then compare the result of this posttest to the score you received on the pretest.

There are three tasks in the posttest, and each task is timed. You will have up to 10
minutes to complete each task. Online Help is available if you need it. If you cannot
figure out how to do the task, even after using online help, you may stop work on the task
and ask the instructor for the next one.

If you are still working on a task when the 10 minute time expires, the instructor will ask
you to stop, and will prepare your computer for the next task. You may then continue to
the next task. If you become stuck on a task and cannot proceed,

Before starting the posttest, please make sure that you have closed the PM Chart
application. Also close any other open folders.

Now your OS/2 Desktop should have several icons, but no open windows.

When you are ready to begin the first posttest task, let the instructor know and he will
give you the task description.
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Posttest Task A — Opening an Existing Graphic File

The objective of this task is to create a new folder object, open an OS/2 application, and
load a graphic file. There are five steps in this task. Be sure to complete each step, one at
a time.

1. Locate the "Templates" folder icon and open the Templates folder.

2. Using the "Folder" template, create a new folder on the OS/2
desktop.

3. Open the "APPS" folder and locate PMCHART.EXE. Using the
PMCHART.EXE program icon, open the PM Chart application.

4. Using the PM Chart "File" menu, open the file called GREEN.GRF. The
drawing that appears includes a column chart with labels, a colored
background, a title, and a green "leafy" figure.

5. Using the "Change" menu, open the "Color/Style" dialog box. Then
select the "Set" button in the Color/Style dialog. The "Set” button
should no longer be highlighted.

You have completed the first posttest task. The PM Chart application is open, the
GREEN.GRF file is displayed, and the Color/Style dialog is open.

Please let the instructor know you are ready to start Task B.
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Posttest Task B — Modifying a Column Chart

The objective of this task is to add a rectangle around the column chart, and change the
worksheet data for the column chart. There are five steps to this task. Be sure to com¬
plete each step, one at a time.

1. First, close the "Color/Style" dialog. Then select the Draw tool
button on the tool bar and select the Rounded Rectangle button in
the pop out menu. The mouse pointer will change to look like a
pencil with a small rounded rectangle when the pointer is over the
drawing area.

2. Using the "draw rounded rectangle" pointer, create a rounded
rectangle around the column chart. This rounded rectangle will
serve as a frame for the column chart. Next, select the rounded
rectangle you just drew and then open the Color/Style dialog.

3. Select the Line button in the Color/style dialog, and using the
"Style" pulldown menu, select "Width" and set the rectangle's line
width to .083" (.083 inch).

4. Now, using the Worksheet tool on the tool bar, open the PM Chart
worksheet window and then move the worksheet window down toward the
bottom of the PM Chart window.

5. In the worksheet, change the data value for year '88 from 15 to 25,
and change the value for year '90 from 42 to 52. Then close the
worksheet window to update the column chart.

You have completed the second posttest task. The graphic now has a rounded rectangle
frame, and the column chart looks different because the data in the worksheet was
changed.

Please let the instructor know you are ready to start Task C.
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Posttest Task C — Changing Title Text and Color

The objective of this task is to modify the title, change text font settings, and save the
graphic to a new file. There are five steps to this task. Be sure to complete each step, one
at a time.

1. Using the mouse pointer, select the chart title text: "Environmental
Awareness". Then using the Edit menu, clear the title from the
drawing page.

2. To create a new title, select the Text tool, then select the Create
Text button. The mouse pointer will change shape to an arrow with
the letter "T". Now, select a point near the top of the drawing
page and type: "Earth Consciousness".

3. Now, select the title text object you created. Again using the
Text tool button, open the "Fonts - Options" dialog. Then set the
font size to 38 points, "Tms Rmn Outline", with "bold" style.

4. Now move the title text to center it over the column chart. Then
resize (stretch) the title text so that it appears about as long as
the column chart is wide.

5. With the title text still selected, open the Color/Style dialog and
use the "Palette" menu to select a new color range. Then set the
text color for the title. Finally, save the graphic to a new file
named GREEN2.GRF.

Congratulations! You have completed the third and final posttest task. The modified
column chart graphic has a new, colorful title and has been saved to a new file.

Please let the instructor know you have finished the posttest.



APPENDIX D
HELP TRACKING LOG FILE EXAMPLE

This appendix contains an example of an online help tracking log file for one

subject. These log files were created automatically by a computer program that moni¬

tored the subject's use of help messages. The log file contains subject identification

data, help usage summary data, followed by a list of individual records of online help

message use. Note that each record in this list was recorded with the time of day.

Time in help data was obtained from these log files.
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Test Name:
Test Date:
Test Time:
Test Location:
Test Hardware:
Test Subject Name:
Test Moderator Name:
Test Data File Name:
Test Log File Name:
Test INI File Name:

MMPM Help for PM Chart
Monday, Dec 28, 1992
06:23:09 pm
Usability Test Lab Cell 7
MOD 56SLC, Action Media II
D— C
John Tyler
D:\MMPMDATA
D:\MMPM0618.LOG
D:\MMPMHELP.INI

Total Help Time is: 00:04:55
Extended Time in Help is: 00:06:36
Number of times help was referenced is: 10
Number of help topics viewed is: 8
Number of videos viewed is: 5

Topics viewed :

Help for Draw
Help for Colors/Style
Help for View
Help for Pages
Resizing and Moving Symbols
Help for Rotate
Help for Move To
Help for Print

Videos viewed:

Help for Rectangle Video
Help for Colors/Style Video
Help for View Page Video
Help for Pages Video
Help for Rotate Video



117

LINE HELPTYPE TITLE START END TOTAL

0001 HELP PM Chart Help 00:00:00
0002 TOPIC Help for PM Chart 00:00:00 00:00:15 00:00:15
0003 TOPIC Help for Draw 00:00:15 00:00:23 00:00:07
0004 VIDEO Help for Rectangle Video 00:00:41
0005 TOPIC Help for Draw 00:00:23 00:01:25 00:01:01
0006 HELP PM Chart Help 00:00:00 00:01:25
0007 HELP PM Chart Help 00:04:44
0008 TOPIC Help for PM Chart 00:04:44 00:04:53 00:00:08
0009 VIDEO Help for Colors/Style Video 00:04:55
0010 TOPIC Help for Colors/Style 00:04:53 00:05:29 00:00:36
0011 HELP PM Chart Help 00:04:44 00:05:29
0012 HELP PM Chart Help 00:17:59
0013 TOPIC Help for PM Chart 00:17:59 00:18:09 00:00:10
0014 TOPIC Help for View 00:18:09 00:18:14 00:00:05
0015 VIDEO Help for View Page Video 00:18:21
0016 TOPIC Help for View 00:18:14 00:18:48 00:00:33
0017 HELP PM Chart Help 00:17:59 00:18:48
0018 HELP PM Chart Help 00:21:32
0019 TOPIC Help for PM Chart 00:21:33 00:21:45 00:00:11
0020 VIDEO Help for Pages Video 00:21:51
0021 TOPIC Help for Pages 00:21:45 00:22:06 00:00:21
0022 HELP PM Chart Help 00:21:32 00:22:06
0023 HELP PM Chart Help 00:26:17
0024 TOPIC Help for PM Chart 00:26:18 00:26:35 00:00:16
0025 TOPIC Resizing and Moving Symbols 00:26:35 00:27:02 00:00:27
0026 HELP PM Chart Help 00:26:17 00:27:02
0027 HELP PM Chart Help 00:29:31
0028 TOPIC Help for PM Chart 00:29:32 00:29:43 00:00:11
0029 TOPIC Help for Colors/Style 00:29:43 00:29:51 00:00:08
0030 HELP PM Chart Help 00:29:31 00:29:51
0031 HELP PM Chart Help 00:45:04
0032 VIDEO Help for Rotate Video 00:45:21
0033 TOPIC Help for Rotate 00:45:04 00:45:45 00:00:40
0034 HELP PM Chart Help 00:45:04 00:45:45
0035 HELP PM Chart Help 00:46:31
0036 TOPIC Help for Rotate 00:46:31 00:46:52 00:00:20
0037 HELP PM Chart Help 00:46:31 00:46:52
0038 HELP PM Chart Help 00:50:54
0039 TOPIC Help for PM Chart 00:50:55 00:51:07 00:00:12
0040 TOPIC Help for Move To 00:51:07 00:51:25 00:00:17
0041 HELP PM Chart Help 00:50:54 00:51:25
0042 HELP PM Chart Help 00:56:49
0043 TOPIC Help for PM Chart 00:56:50 00:57:04 00:00:13
0044 TOPIC Help for Print 00:57:04 00:57:20 00:00:16
0045 HELP PM Chart Help 00:56:49 00:57:20



APPENDIX E
OBSERVER LOG FILE EXAMPLE

The following pages in this appendix present an observer's log file for one sub¬

ject. This log file was created by the observer using a computer program specifically

designed for this purpose. Note that each entry in the log consists of the entry number,

the entry code, a description of the observation, and the time of day. Log entry codes

represented the type of log entry being made.
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8
9
10
11
12
13
14
15
16
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20
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22
23
24
25
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27
28
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30
31
32
33
34
35
36
37
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42
43
44
45
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CODE DESCRIPTION TIME STAMP

Note Date: 12/28/92 Subject: D—C 16:10:30
Note Video Help Treatment 16:10:34
Note Test Cell 7 16:10:39
Note John Tyler Monitoring 16:10:49
Note GEFT Only test required 16:10:54
Note Scheduled for 4:00pm 16:11:01
********** ************************************* 16:11:02
Note Starting GEFT 16:12:48
Note Start Section 1 16:16:25
Note End Seel 16:18:08
Note Start Sec 2 16:18:12
Note end Sec 2 16:23:05
Note Start Section 3 16:23:14
Note End Sec 3 16:28:14
********** ************************************* 16:29:04
Note Starting OS/2 Video Tape 16:29:14
Note End of OS/2 Video 17:11:53
********** ************************************* 17:25:16
Start Test 17:25:18
Task Start The OS/2 Tutorial 17:25:27
Note USING THE MOUSE lesson 17:26:26
Note USING OBJECTS lesson 17:30:59
Note USING WINDOWS lesson 17:34:34
Note GETTING HELP lesson 17:38:28
Note OS/2 SYSTEM OVERVIEW Lesson 17:40:51
FinishTask End ofOS/2 Tutorial 17:44:28
**ANAL** Task 0:19:01 P=0H=0U=0 17:44:28
********** ************************************ 17:44:30
Task Start PRETEST A 17:46:12

Step Compl 1 17:46:26
Note opened template object 17:47:02
Note copied template object to desktop 17:47:12
Note closed templates folder 17:47:25
Step Compl 2 17:47:39
Note created folder from template on desktop 17:47:50
Note deleted template from desktop 17:48:10

Step Compl 3 17:48:38
Note mouse not tracking well 17:48:43

Step Compl 4 17:49:18

Step Compl 5 17:49:36
FinishTask 17:49:37
**ANAL** Task 0:03:25 P=0H=OU=0 17:49:37
Task Start PRETEST B 17:50:01
Note selecting objects in drawing page 17:50:47
Note dragging background color object 17:51:06
Action stick to the instructions 17:51:47
Comment trying to select rect 17:51:55
Action what does this step say? 17:52:00
Comment select rect 17:52:04
Action before that? 17:52:07
Comment select draw tool 17:52:12



120

Entry CODE DESCRIPTION TIME STAMP

51 Action OK do that 17:52:16
52 Step Compi 1 17:52:17
53 Step Compi 2 17:52:20
54 Step Compi 3 17:52:58
55 Action what does this step saY? 17:55:11
56 USABILITY step4, required ASSIST to open wrksheet 17:56:15
57 Step Compi 5 17:57:16
58 FinishTask 17:57:16
59 “ANAL** Task 0:07:15 P=0H=0U=1 17:57:16
60 Task Start PRETEST C 17:57:34
61 Step Compi 1 17:57:53
62 Note edit window opens, entering title text 17:58:36
63 Note hit enter to complete 17:59:00
64 Step Compi 2 (doubleclick on drawing page to exit) 17:59:20
65 Step Compi 3 18:00:00
66 Step Compi 4 (ok, but not exactly to instruct) 18:01:15
67 Step Compi 5 18:01:55
68 18:01:55
69 FinishTask 18:01:56
70 **ANAL** Task 0:04:22 P=0H=0U=0 18:01:56
71 ********** ************************************* 18:01:58
72 Note took a bio break 18:14:06
73 Task Start LESSON #1 18:14:12
74 Step Compi 1 18:15:21
75 Step Compi 2 18:15:24
76 Step Compi 3 18:15:58
77 Step Compi 4 18:16:00
78 Step Compi 5 18:16:02
79 FinishTask 18:16:02
80 **ANAL** Task 0:01:50 P=OH=OU=0 18:16:02
81 Task Start Lesson #2 18:17:12
82 Step Compi 1 18:17:13
83 Step Compi 2 18:17:15
84 Step Compi 3 18:17:21
85 Note open popup menu, Drive A: 18:17:53
86 HELP Master Index 18:18:08
87 search : Copying 18:18:53
88 HELP Copying from a Diskette 18:19:03
89 Step Compi 4 18:19:46
90 Step Compi 5 18:19:50
91 FinishTask 18:19:51
92 **ANAL** Task 0:02:39 P=0H=2U=0 18:19:51
93 Task Start LESSON #3 18:20:09
94 Step Compi 1 18:23:07
95 Step Compi 2 18:23:08
96 Step Compi 3 18:23:09
97 Step Compi 4 18:23:09
98 Step Compi 5 18:23:12
99 FinishTask 18:23:13
100 **ANAL** Task 0:03:04 p=0H=0U=0 18:23:13
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Entry CODE DESCRIPTION TIME STAMP

101 Task Start USING PMCHART HELP 18:23:25
102 Step Compl 1 18:24:50
103 Step Compl 2 18:24:51
104 Step Compl 3 18:24:53
105 Step Compl 4 18:24:54
106 Step Compl 5 18:25:24
107 FinishTask 18:25:28
108 **ANAL** Task 0:02:03 P=0H=0U=0 18:25:28
109 Task Start LESSON #4 18:26:21
110 Step Compl 1 18:26:57
111 Step Compl 2 18:28:02
112 Step Compl 3 18:28:05
113 Step Compl 4 18:28:11
114 VIDEO Time Tape is synchronized »»»»»>» 18:28:47
115 HELP Help for Color/Style 18:28:56
116 HELP Help for Color Style Video 18:29:03
117 Note close help 18:29:29
118 Step Compl 5 18:29:36
119 FinishTask 18:29:37
120 **ANAL** Task 0:03:16 P=0H=2U=0 18:29:37
121 Comment I really like that video, it's neat 18:30:12
122 Task Start LESSON #5 18:30:17
123 Step Compl 1 18:30:54
124 Note created small rect 18:31:06
125 Note used EDIT/Undo to delete 18:31:13
126 Step Compl 2 18:31:18
127 Step Compl 3 18:31:50
128 Step Compl 4 18:32:16
129 Step Compl 5 18:33:08
130 FinishTask 18:33:08
131 **ANAL** Task 0:02:51 P=0H=0U=0 18:33:08
132 Task Start LESSON #6 18:33:20
133 Step Comp] 1 18:34:24
134 Step Compl 2 18:34:38
135 Step Compl 3 18:35:53
136 Step Compl 4 18:36:36
137 Step Compl 5 18:37:15
138 FinishTask 18:37:17
139 **ANAL** Task 0:03:57 P=0H=0U=0 18:37:17
140 Task Start LESSON #7 18:37:32
141 Step Compl 1 18:38:58
142 Step Compl 2 18:39:04
143 Step Compl 3 18:41:07
144 18:41:14
145 HELP Help Index 18:41:57
146 HELP Help for View 18:42:17
147 HELP Help for View Page 18:42:23
148 HELP Help for View Page Video 18:42:29
149 Step Compl 4 18:42:54
150 Step Compl 5 18:43:38
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Entry CODE DESCRIPTION TIME STAMP

151 FinishTask 18:43:38
152 **ANAL** Task 0:06:06 P=0H=4U=0 18:43:38
153 Action did the video window help there 18:44:35
154 Comment 1 liked that, it showed the buttons well 18:44:49
155 Task Start LESSON #8 18:45:02
156 HELP Help Index 18:45:36
157 HELP Help for Pages 18:45:48
158 HELP Help for Pages Video 18:45:54
159 Note close help 18:46:07
160 Step Compl 1 18:46:21
161 Note set page view 18:46:47
162 Step Compl 2 18:47:10
163 Step Compl 3 18:47:44
164 Step Compl 4 18:48:34
165 Step Compl 5 18:49:00
166 FinishTask 18:49:01
167 **ANAL** Task 0:03:59 P=0H=3U=0 18:49:01
168 Task Start LESSON #9 18:49:18
169 HELP Reszing and Moving Symbols 18:50:47
170 Step Compl 1 18:52:23
171 Note closed & reopened Color/Style 18:53:06
172 Note closed Color/Style, select EDIT menu 18:53:25
173 HELP Help Indxex 18:53:35
174 HELP Help for Color Style 18:53:51
175 Action what step are you on? 18:55:11
176 Comment step2, set chart colors 18:55:19
177 Action did you try the menus in Color/Style 18:55:31
178 Comment OH, OK 18:55:37
179 Step Comp] 2 18:56:16
180 Step Compl 3 18:56:46
181 Step Comp] 4 18:57:32
182 Step Compl 5 18:58:00
183 FinishTask 18:58:01
184 **ANAL** Task 0:08:43 P=0H=3U=0 18:58:01
185 Task Start LESSON #10 18:59:19
186 Step Compl 1 18:59:24
187 Step Compl 2 19:00:19
188 Note used text font options to set font size 19:00:58
189 Note text title split to 2 lines 19:01:07
190 Note resizing & moving title 19:01:13
191 Step Compl 3 19:01:18
192 Note reset font size using options to 18 19:01:45
193 Note resizing & moving title again 19:01:55
194 Note reset font size using font-options 19:02:42
195 Note resizing & moving title a third time 19:02:53
196 Step Compl 4 19:03:29
197 Note set text color 3 times 19:04:21
198 Note using different palettes, colors 19:04:38
199 19:04:49
200 Note setting different bkg colors 19:05:08
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209
210
211
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213
214
215
216
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218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
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CODE DESCRIPTION TIME STAMP

Step Compl
FinishTask

5 19:05:25
19:05:26

“ANAL“ Task 0:06:07 P=0H=0U=0 19:05:26
Task Start LESSON #1! 19:06:03
Step Compl 1 19:06:48
Step Compl 2 19:07:24
Step Compl 3 19:08:54
HELP Help for Rotate (FI) 19:09:09
HELP Help for Rotate Video 19:09:26
Note TS nodding head 19:09:40
Note close help 19:09:45
Note open worksheet, button 2 click 19:10:08
Note reselect rotate 19:10:30
Note open worksheet again 19:10:40
HELP Help for Rotate 19:10:48
Step Compl 4 19:11:33
Step Compl
FinishTask

5 19:12:20
19:12:21

“ANAL** Task 0:06:18 P=0H=3U=0 19:12:21
Task Start LESSON #12 19:12:34
Step Compl 1 19:13:30
Note adjusting size of rect 19:13:54
Note scrolling page to check rect is selected 19:14:25
HELP Help Index 19:14:57
HELP Help for Move To 19:15:11
Note closing help 19:15:24
Step Compl 2 19:15:29
Note gradient is solid green 19:18:25
USABILITY step3, did not select style for gradient 19:18:59
Step Compl 4 19:20:09
Action did you do step 5? 19:20:19
Comment I've not gotten there yet 19:20:26
Step Compl

FinishTask

5 (did not select white from Primary
palette colors, chose green instead)

19:22:02
19:22:11
19:22:16

**ANAL** Task 0:09:42 P=0H=2U=1 19:22:16
Note
End Test

chart printing 19:22:22
19:22:25

“TEST**
Start Test

Test 1:34:38 P=0H=I9U=2 19:22:25
19:22:29

********** ************************************* 19:22:31
Task Start POSTTEST A 19:26:22
Step Compl 1 19:26:30
Step Compl 2 19:26:37
Step Compl 3 19:27:06
Step Compl 4 19:27:33
Step Compl
FinishTask

5 19:27:59
19:27:59

“ANAL** Task 0:01:37 P=0H=0U=0 19:27:59
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Entry CODE DESCRIPTION TIME STAMP

250 Task Start POSTTEST B 19:28:33
251 Step Compl 1 19:28:45
252 Step Compl 2 19:29:26
253 Step Compl 3 19:29:45
254 Step Compl 4 (w/ button2 19:30:06
255 Step Compl 5 19:30:35
256 FinishTask 19:30:36
257 “ANAL“ Task 0:02:03 P=0H=0U=0 19:30:36
258 Task Start POSTTEST C 19:30:54
259 Step Compl 1 19:31:10
260 Note Typing title 19:31:41
261 Step Compl 2 19:31:49
262 Step Compl 3 19:32:39
263 Step Compl 4 19:33:29
264 Step Compl 5 19:34:20
265 FinishTask 19:34:20
266 “ANAL** Task 0:03:26 P=0H=0U=0 19:34:20
267 End Test 19:34:24
268 “TEST** Test 0:07:06 P=0H=19U=2 19:34:24
269 END LOG ************************************ 19:34:24
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