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ABSTRACT 

Computer.; and information systems are playing increasingly prominent and direct roles in 

the conduct of human affairs and in the survival of corporations in highly competitive envi

ronments. Because of this increasingly important role, it has become imperative that users 

be able to use these systems optimally. 

It has been pointed out that the computer systems designers should be the main agents to 

apply psychology to system design and that information systems specialists are best placed 

to take responsibility for helping users utilize systems in an optimal fashion by designing 

information systems that will incorporate learning-to-learn principles. In this research we 

developed information system intelface tools that incorporate cognitive learning strategy 

theory. The research question posed is: 

Can we build cognitively-engineered electronic note-taking tools that will 

allow users to implement cognitive learning strategies and thereby improve 

performance and stimulate learning? 

To answer this question we designed software tools that allowed users to implement re

hearsal and organizational cognitive learning strategies. The model was then validated in a 

laboratory experiment. The independent variables were: 1) the technology used, with or 

without the cognitively engineered software (CES) tools, and 2) two methods of presenta

tion used involving the tools, the embedded method, in which the users were told how 

they could use the tools presented to them, and the adjunct method, in which the users were 

told about the cognitive learning strategies and how they could be implemented by the user 

using the tools presented to them. Dependent variables were: 1) the performance variables, 
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2) satisfaction with the software tools, and 3) variables indicating the level of usage of the 

software tools. 

What we discovered was that subjects who were aware of the cognitive learning strategies 

on which the tools were based were significantly more satisfied with the quality of the sys

tem than users who were not aware of the strategies. We also found that familiarity with the 

task performed and familiarity with the technology both had significant effects on overall 

performance. In addition, subjects who were aware of the cognitive learning strategies 

tended to implement several of these strategies as they used the tools and they tended to use 

the tools in a more efficient fashion than subjects not aware of these strategies. 

The major limitations of the study were the subject population, the task chosen and the lim

ited training session. Future research will center on eliminating these limitations and further 

explore the effects of the presentation of the cognitive learning strategies on tool use and 

performance. 
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CHAPTER 1 

INTRODUCI'ION 

1.1 Background 

As the number of infonnation system users increases, we are witnessing a related 

increase in the complexity and the diversity of their applications. The increasing 

functional complexity amplifies the degree of functional and technical understanding 

required of the user to make productive use of the application tools [33]. 

Infonnation systems are becoming interwoven into the operations and strategies of 

the corporations that they support [96]. We are seeing a rapid increase in the use 

of infonnation systems to support strategic and competitive advantage, and in the 

use of composite infonnation systems for strategic advantage [50] [56]. Computers 

are playing increasingly prominent and direct roles in'the survival of corporations in 

higllly competitive environments and even in the conduct of human affairs [20]. 

But as infonnation systems, and the applications for which they are being used, 

become more vital to the organization, more and more people who use these systems 

experience difficulties in using them effectively. Many corporations are discovering 

that the computer systems in which they have inVESted large resources remain idle or 

are not used effectively because they do not properly support users in their everyday 

tasks [12]. 
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Many users are often disappointed by cumbersome data entry procedures, obscure 

error messages and confusing sequences of cluttered screens. Novice users often feel 

frustrated when they have to deal with a system whose behavior is incomprehensible, 

mysterious and intimidating. Many systems have been developed that are considered 

to be functionally excellent, but perform badly in the real world [10]. The poor 

performance of these systems has been linked to the human-computer interface, and 

it is now generally accepted that poor interfaces can lead to many problems including 

the ineflective use of the underlying information systems 

1.2 Purpose of the Research 

'What this research proposed was the design of an interface that helps users under

stand the thinking process and to think about the information domain of the system 

they are using. To do tIns we designed information system interface tools that stim

ulate human learning and help users think about the systems they use and the tasks 

they perform [92]. 

Cogzntive psychologists have identified a number of domain-independent learning 

strategies that help people acquire expertise in acquiring expertise. It is these 

strategies that help people think intelligently and creatively and were considered 

for implementation in the interface tools. 

As pointed out in Weber [92], information systems specialists are best placed to take 

responsibility for helping managers and workers at all levels of the corporation learn 

how to learn and how to think intelligently and creatively about the applications and 

problem solving capabilities that their information systems can offer. 



1.3 The Research Question 

The basic research question of this dissertation was: 

Can we build cognitively engineered electronic note-taking tools 

that will allow users to implement cognitive learning strategies 

and thereby improve performance and stimulate learning? 

17 

In order to accomplish this research, we needed to first decompose the question into 

three basic areas. The first of these areas is the determination of which cognitive 

learning strategies we wished to test. The second area we explored is how to incor

porate these learning strategies in interface tools. And the third area we investigated 

how to appropriately measure and test our results. These three areas are discussed 

below: 

1. What aspects of learning strategy theory do we wish to test? 

Weinstein and Mayer [90] defined five general learning strategies for acquiring 

declarative knowledge. We will implemented two of these, rehearsal and orga

nization strategies. Rehearsal strategies are used to maintain information so as 

to provide further opportunities for more meaningful processing. Organization 

strategies are used to transform information into another form to make it easier 

to understand. 

2. How will we incorporate principles of learning strategy theory in the interface? 
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Rehearsal strategies can be incorporated into an interface through the use of 

highlighting or windowing techniques to help maintain relevant pieces of infor

mation. This would provide additional opportunities for encoding of informa

tion. Organization strategies can be incorporated into an interface through the 

use of tools to help create outlines, or help structure information and create 

classification schemes or hierarchies of ideas. 

3. How can we appropriately measure and test our results? 

The effectiveness of the model in improving performance was determined through 

a laboratory experiment. TIle independent variables of the experiment were: 

1) the training methods used and 2) the teclll1ology. Two training methods 

were used: a) the adjunct approach which consists of explaining the learning 

strategies explicitly to the subjects and indicating to them how they can imple

ment these strategies using the interface tools provided, and b) the embedded 

approach in which the subjects are not told of the strategies but were told only 

how they could use the tools provided. TIlere were two teclll1ologies tested: c) 

the interface used with the cognitively engineered software tools, and d) the 

interface without the cognitively engineered software tools. 

TIle dependent variables were: 1) performance variables relating to a task, 2) 

satisfaction with the the software system used, and 3) efficiency of use of the 

software tools. 

Weber [89] discussed general methods and criteria designers use in developing inter

faces to stimulate human learning. The two methods that were used are the embed

ded approacl1 and the adjunct approach. In the use of the embedded approach the 

users were made aware of the cognitive tools, such as windowing, highlighting and 

outlining techniques, that were available for their use. They were instructed on how 
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to use these techniques and cues were given as to when their use was appropriate. 

Users were not told, however, that those pointers that dealt with learning to learn 

are in anyway different from regular instruction. 

In the use of the adjunct approach the users received training that directly taught 

them about learning strategies so that they could select and implement the strategies 

they chose. This approach also involved pointing out materials like windowing or 

outlining that were especially useful given the nature of these task to be performed. 

1.4 Research Domain and Scope 

This research was confined to the exploration of cognitively-engineered software tools 

that implemented cognitive learning strategies, and the development and testing 

of a working prototype. The approach embodied the use of software engineering 

techniques to implement a learning-based strategy in infonnation system interface 

tools. 

The prototype was designed to demonstrate the feasibility of the implementation of 

leaming-to-learn based strategies. Although the underlying structure of the system 

was generalizable to a number of learning-based strategies and systems, the initial 

prototype was designed for a single problem domain. 

1.5 The Organization of this Dissertation 

The remainder of this dissertation is organized as follows. Chapter 2 reviews the 

literature and includes a discussion of learning strategy theory, and human computer 

interaction. Chapter 3 provides a discussion of the task used, the software tools, 
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and the research design and research methodology. Chapter 4 presents empirical 

evaluation and results of the study along with a discussion of the importance of the 

findings. Chapter 5 concludes with a discussion of the contributions of this research 

and future research. 
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CHAPTER 2 

LITERATURE REVIEW 

The researcll for this dissertation draws mainly from the areas of learning strategy 

theory and hwnan computer interaction. An individual overview of each of these 

areas is presented. Landmark cases are cited and discussed and the influence of each 

of these areas on this researclI are noted. Figure 2.1 shows the relationship of the 

contributing fields and this researcll. 

2.1 Human Computer Interaction 

'~I.henever people use computers, they interact with the maclune through the user 

interface portion of the operating system or of a particular package. They must ac

commodate themselves to this interface no matter how difficult it is, or how abstract 

the interface seems, if they wish to work with the computer. In general, users tend 

to view their interactions with the computer in tenns of goals rather than system 

commands [4]. The study of Hwnan Computer Interaction (HCI) is an attempt by 

designers to adapt the interface to the user instead of vice-versa. 



Human 
Computer 
Interaction 

LEARNING 
SUPPORT 
SYSTEMS 
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Figure 2.1: Contributing Fields 
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2.1.1 Introduction and Goals of Human Computer In~eraction 

The 1980's can be characterized as a period of explosive growth in both commer

cial and academic interest in user interface design. Historically, interest in interlace 

tecimology draws from the fields of computer science and engineering. The focus 

of user interface tecimology, or Human Computer Interaction (HCI), today draws 

from many varied disciplines: computer science, psychology, artificial intelligence, 

and linguistics. The underlying theme of the research is to attempt to design sys

tems which are appropriate for the particular task users are interfacing with, that 

users can use easily, and that for all practical purposes appear as 'invisible' [81][82], 

that is, the user can work naturally with the system and does not expend cognitive 

energy trying to figure out how to interact with the interface. The goals of Human 

Computer Interaction have been e}.-pressed by many different cognitive scientists. 

Donald NOIman [64] describes the goal of RCI to " ... bridge the gap between goals 

and system ... ". John Carroll [20] described the principal goal of HCI as that of pro

viding " ... an understanding of how human motivation, action, and experience place 

constraints on the usability of computer equipment." 

2.1.2 Areas of Research within HCI 

Booth [12] divided the study of HCI into five separate, but interrelated, areas. These 

areas reflect the different aspects and areas of study which encompass the HCI area. 

These are discussed below and their relevance to this research is noted. 

1. Design and Development 

HCI covers the study of the individuals involved in design and the design and 

development process itself. The aim of HCI is to suggest how design might be 
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i..TIlproved by shifting the engineering of the interface from a system-centered 

to user-centered design, as suggested by Noonan [65][64]. 

2. lVTatching Models (Cognitive Models) 

HCI is also the study of how users interact with computer systems. The central 

issue is how to match the computer system's model of the task with the mental 

model of the user. What is needed is ways of making the user's view of the 

task at hand more explicit and using this knowledge in designing the interface 

[42][15][65] . 

3. Interactional Hardware and Software 

A third area of HCI is research into hardware and software. TIns covers not 

only the devices and teclmologies that enable users to input information into a 

computer system, such as keyboards, pointing devices, and processes of speech 

recognition, but also as devices and technologies that are used to present infor

mation to the user. In addition this area is concerned with the problems these 

teclmologies can present and how they can affect communication between the 

user and the computer [3][72][79][80]. 

4. Organizational Impact 

Organizational impact is the study of the impact that new systems have on 

organizations, individuals as well as groups within these companies or corpora

tions. TIle objective is to suggest both design and implementation techniques 

that might prevent problems such as job deskilling and conflict between groups 

[11][23][55]. 

5. Task Analysis 

The last area defined by Booth [12] is the area of task analysis. TIns is the study 

of the overall nature of users' tasks and informational needs to perform those 
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tasks. The task-fit is the extent to which a system provides the infonnation and 

the facilities a user needs to perfonn a task. The task-fit is a major detennmant 

of the success or failure of most computer systems [5][30][31]. 

2.1.3 Task Analysis 

Certainly all of the areas mentioned above are relevant to the building of computer 

interfaces or computer interface tools but the area that relates most directly to the 

researcll at hand is the area of task analysis. Card, Moran and Newell [18] define 

task analysis as the application of pSycllOlogy to the context of a specific task. This 

is e:x.-plained by the goal oriented behavior of hwnans in perfonning a task. Once the 

goals are mown the structure of the task environment provides a large amount of the 

predicative content of psychology, whicll then becomes an analysis of the task itself. 

In tIns researcll we are concerned with the design of computer-tools to allow users 

to implement cognitive learning strategies. We must first understand the cognitive 

leannng strategies and then design computer tools that will allow the user to more 

easily implement these strategies. 

2.2 Cognitive Learning Strategy Theory 

Learning strategies can be defined as behaviors of a learner that are intended to 

influence how the learner processes infonnation [57]. The strategies themselves are 

sequences of activities rather than a single event and one of the strategies' most 

important features is that they are largely under the control of the learner [38], 

that is they are deliberate actions that learners select and control to achieve desired 

goals or objectives [51][69][86]. People rely on these cognitive strategies to promote 
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learning, remembering and problem solving. 

The process of learning itself is the transfer of information from Short Term Memory 

(STM) to Working Memory (WM) and eventually to Long Term Memory (LTM) 

[13][18][57][65]. STM is characterized by its limited capacity [60][63]. WM holds the 

intermediate products of thinking and the representations produced by the percep

tual system [18]. 

Miyata [60] presents an approximate model of the Human Information Processing 

system and treats WM and STM as the same structures. The Newell and Simon's 

model [63] consists of three memories, LTM, STM and External Memory (EM). EM 

is comprised of e>..iernal media such as a pad of paper or a chalkboard. Card and 

Moran [18] recognize two memories in their model, WM and LTM. They also view 

WM as a part of LTM. 

Leanlers make links between information in STM, WM and LTM. In addition, learn

ers have to be able to retrieve information from LTM when needed. Figure 2.2 shows 

the relationships between STM, WM, and LTM in an information processing model. 

Learning Strategy Theory is the study of the processes of tIns transfer of infornlation, 

linking with prior knowledge, and the retrieval processes. According to Weber [89], 

leannng strategies then are 

2.2.1 Strategies for Acquiring Knowledge 

The strategies used for acquiring knowledge are behaviors and thoughts that the 

user engages in during learning that are intended to facilitate processing during 

encoding of information. Strategies for acquiring knowledge fall into two categories, 

strategies for acquiring declarative knowledge and strategies for acquiring procedural 
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lmowledge. Procedurallmowledge, which is stored in LTM, is lmowledge on how to 

manipulate infonnation in a given situation. Declarative lmowledge, such as facts, 

theories and generalizations, is also stored in LTM. The strategies used to acquire 

each of these types of lmowledge are discussed below: 

Procedural Knowledge 

Procedurallmowledge includes lmowledge of how to approach a decision situation, 

how to decide, or how to manipulate infonnationj this is referred to as 'how' in

forn1ation [88][89]. Procedural lmowledge can be represented using productions or 

condition-action (if-then) rulesj these productions, or rules, specify that if a condition 

holds then the specified action will be performed. Anderson [1] separates procedural 

infonnation into two principal categories, pattern recognition and action sequences. 

1. Pattern recognition 

Internal or external stimuli are classified by means of pattern recognition. This 

process is learned through experience by means of generalization [43] [58] and 

[71] discrimination [2]. Generalization allows lmowledge and skills to apply to 

more situations. It occurs when people encounter in rapid succession instances 

of a concept that vary widely on unimportant attributes [47]. 

An example of generalization in learning would be exposing users to two ex

amples of a word processing package such as Word Perfect and Word Star, 

in succession. This would hasten their generalization of the concept of word 

processing packages. 

Discrimination, on the other hand, restricts the range of situations to which 

lmowledge and skills apply. Discrimination is facilitated by presenting users 

with an example and a non-example of the concept to be learned. For instance, 

presenting users with a word processing package and then presenting them with 
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a spreadsheet package will allow them to lll1derstand the differences between 

the packages by means of discrimination. 

2. Action Sequences 

Action-sequence procedures are linked to appropriate patterns so that they are 

used only lll1der the right circumstances. They involve two or more processes, 

classification, and at least one resultant action [36]. The acquisition of action

sequence procedures is a slow, error prone process. There are two processes 

involved in the action-sequence procedure, proceduralization and composition. 

Proceduralization occurs when learning a new process. The user sets up a list 

of steps to follow in the task; after establishing the list of steps, each of the 

steps is changed into a production (If-Then rule). When proceduralization is 

successful, individuals are able t~ act swiftly and automatically without any 

conscious cuing from declarative knowledge [36]. 

Composition occurs when the user combines smaller productions into larger, 

more complex ones. Composition requires that two productions be active in 

WM simultaneously and that the action of the first production create the con

dition for the second. 

Declarative Knowledge 

Declarative knowledge is knowledge about something or about the characteristics of 

something. There are four subprocesses used to encode declarative knowledge: 1) 

selection, 2) construction, 3) integration, and 4) acquisition [22]. During selection, 

the learner transfers selected information and stimuli from STM to WM for further 

processing. The construction subprocess builds links or connections from ideas al

ready present to the new information. During the integration subprocess the learner 
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searches LTM for related, prior knowledge and transfers it to WM. During acquisi

tion the learner transfers this newly acquired but linked infonnation from WM to 

LTM. 

There are a variety of learning strategies that are used at each one of these stages or 

subprocesses to insure success. Weinstein and Mayer [90] have attempted to create 

a set of categories to classify these learning strategies. Each category is composed of 

methods that can be used by learners to influence the encoding of lmowlooge. These 

categories are listed below: 

1. Rehearsal 

Rehearsal strategies are used to focus attention on bits of relevant material so 

they are not lost from WM. An example would be the repeating a name of a 

person you have just meet until you have memorizoo it. 

2. Organization 

Organization strategies focus on methods used to structure infornmtion or to 

translate it into another form so that it is easier to understand. Classic strate

gies include sorting items into groups on the basis of shared characteristics or 

attributes, outlining articles to-be-learned, or creating hierarclues. Graplucal 

user interfaces attempt to utilize organization strategies when presenting ideas 

or, for instance, infornmtion from a database in hierarclllal graplucal form. 

3. Elaboration 

Elaboration strategies are used to make connections between what is already 

lmown (prior knowledge) and new infonnation the learner wishes to learn. 

Classic elaboration strategies include using related ideas, examples, analogies 

or prior knowledge. 
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4. Comprehension Monitoring 

Comprehension monitoring is closely related to the selection and use of other 

strategies in any given learning activity. Comprehension monitoring requires 

several types of knowledge on the part of the learners. First, they require 

knowledge about themselves as learners. This type of knowledge helps indi

viduals schedule their learning activities and identify the kinds of resources or 

assistance they need to learn efficiently and effectively. Second, learners need 

to have some lmowledge about the nature of the task or tasks they are about 

to perform and the desired outcomes. According to Bransford [13] the memory 

and retrieval process used can influence how nruch and what types of informa

tion is 'remembered.' Third, it is important to have and to be able to access 

relevant prior knowledge because understanding occurs when new information 

can be linked to prior lmowledge. Fourth, it is necessary to have an under

standing of what types of learning strategies are available, and which of these 

strategies work best for certain tasks. 

5. Affective 

Affective strategies are used to create, monitor, and control suitable internal 

and eA-ternal climates for learning and help to create a context in whicll effec

tive learning can take place. Examples of affective strategies would be using 

relaxation techniques to reduce anxiety, establishing priorities and setting a 

time schedule for effective studies. 

In tIns research we have chosen to focus on the rehearsal and organization strategies 

for implementation. 



Eight Categories of 
Learning Strategies 

Basic Rehearsal Strategies 
Complex Rehearsal Strategies 
Basic Elaboration Strategies 
Complex Elaboration Strategies 
Basic Organization Strategies 
Complex Organization Strategies 
Comprehension Monitoring Strategies 
Affective Strategies 

Table 2.1: Table of Basic and Complex Strategies 

2.2.2 The 'leaching of Learning Strategies 
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Recently much attention has been given to the teaching of these learning strate

gies [25][59][77][90][92] [95][96][97]. Weinstein and Mayer[90] discuss the teaching of 

declarative learning strategies and distinguish between basic and complex learning 

tasks for the rehearsal, organizational and elaboration strategies. Table 2.1 lists 

these. Rehearsal strategies for basic tasks include repeating the names of items 

cUld remembering facts. Complex rehearsal strategies include copying, underlining 

and highlighting material to be remembered. Elaboration strategies for basic tasks 

would be forming a mental picture or image or forming a sentence relating the items. 

Elaboration strategies for complex tasks would be summarizing or describing, in 

your own words, concepts and ideas. Organization strategies for basic tasks would 

include grouping or ordering items, and organization strategies for complex tasks 

would include outlining a passage or creating a hierarchy of ideas. 

TIle teaching of learning strategies also encompasses the method in which the strate

gies are taught. Weber [89] discussed three methods of presenting the learning strate

gies. The first method was the cued method. This method explicitly cues or prompts 
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learners to use specific strategies at strategic points. Learners must have lmowledge 

of and be able to use the learning strategies. The q,ted method is similar to what 

is referred to as direct instruction by Wmograd and Hare [92] and by Dansereau et 

al.[25][27]. Dansereau[25] used detailed training on a strategy system extrapolated 

from findings in the educational and psychological research literature. The learners 

in the experiment were members of a class and actively studied the learning strategies 

over the course of a semester and utilized the strategies on exams. 

\iVinograd [92] lists six instruction procedures that define direct instruction about 

which investigators have reaclled consensus: 1) structuring the learning in terms of 

clear academic goals broken down for maximal content coverage into manageable 

steps, 2) brisk pacing and selection of sequenced, structured materials, 3) providing 

detailed, redundant instructions and explanations with sufficient examples, 4) asking 

many questions and offering numerous overt active practice opportunities, 5) giving 

inunediate, academically focused feedback and correction, and 6) active monitoring 

of student progress [19][4D][70][74][75] [76]. 

A second presentation method discussed by Weber [89] was the adjunct approach. 

TIns approach consists of a separate part of training or dOcun1entation that would 

directly teach users about learning strategies and the ways they can be employed 

to improve task perfonnance. In tills research learners in the adjunct treatment 

were told how they could use the computer tools provided to implement learning 

strategies. 

In the third approach, referred to as embedded by Weber [89], the learner is made 

aware of the task to be performed and the goals of the task, and is provided 'with 

tools with willch to make these tasks easier. This approach is referred to as implicit 

instruction by Schallert [77]. TIns is the second of the approaches or presentation 
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methods that will be used in this research. In the implementaion of this method the 

task to be perlonned and its goal are discussed with the user. Users are taught how 

they can use the software tools to accomplish the task. 

2.2.3 Computer '!boIs and Cognitive Research 

TIle major goal of this research is to develop cognitive1y engineered software tools 

(CES) based on learning strategy theory, that stimulate human learning. Previous 

research in this area is limited and most stems from the educational and computing 

research area and the human factors area. 

Comprehension of text displayed on a computer screen versus comprehension of 

printed materials has been an active area of research and debate. Previous researcll 

comparing the two media is inconclusive. 

Gerrell and Mason [39] found that subjects comprehended computer-displayed pas

sages better than passages displayed in traditional print format, but Heppner [45] 

et al. found that reading perlormance was better with print than when using the 

computer monitor. Fish and Feldman [33] tested a group of graduate students using 

both directional and informational teJ.:t. Informational text is text that disseminates 

infonnation and requires recall or inference-making to .answer questions concerning 

the text; directional text requires the subject to follow directions by completing a 

specific series of written responses. They found no time differences for either the 

infonnational or the directional group. 

Feldman and Fish [32] compared reading compre1lension on the microcomputer with 

traditional print presentation using directional and informational text. They found 

no differences in perlormance by medium or text. 
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Much research has also been done in the area of computers and learning. Three 

trends have been noted in this research [53]: 1) the integration of educational and 

psychological theory, 2) precision in concept specification, and 3) improvements in 

research design. Research has expanded from the traditional area of the computer 

used for rote learning to include other aspects of learning. such as the development 

of higher-order thinking and planning skills. 

A number of recent studies have investigated student mastery of content and skill, 

particularly in the area of writing. For instance, Daiute [24] proposes that the intro

duction of the computer into writing instruction changes the nature of the activity 

and allows writes to use their time more efficiently. Other studies [83] concluded 

that the computer can serve as a powerful tool for writing, especially when the focus 

of the task was on the process rather than the product. 

Steinberg et al. [85] developed an organizational/memory tool as an aid to problem 

solving skills. They presented the tool as an aid to the subject's own strategies 

rather than provide direct instruction in specific strategies. The tool was developed 

for problems that are nonroutine and in which the problem solver accumulates many 

bits of infonnation, too numerous to hold in STM. Their goals were: 1) to determine 

the extent to which learners would use organizational/memory toolsj 2) to study the 

effects of different levels of computer-learner control of use of the aid on problem

solving perfonnancej and 3) to study the effects of the tool and levels of control on 

the acquisition of problem-solving strategies. 

What they discovered 'was that the tool was used and was useful. Students opted to 

use the tool during the experiment on a frequent basis. The students who used the 

tool solved the task problems just as quickly as students who did not. In addition, 

when students controlled the use of the tool, as compared to having the computer 
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suggest to the student when to use the tool, the students seemed more willing to 

use the tool more frequently. In addition, the groups who used the tool and received 

feedback performed better than students who used the tool but did not receive feed

back. 

Related to this Hythecker et al. [48] developed a computer-based learning strate

gies training module designed to facilitate the acquisition and application of tecll

nical information. They based their research on a number of previous research and 

development efforts oriented toward the direct improvement of cognitive strategies 

employed by learners [66][67] and aimed to improve the results by facilitating com

munication of these strategies through the use of computer-assisted instruction. TIle 

test of the task material was free recall of material from the task. Results show that 

the group using the computer-assisted instruction system performed better than a 

control group indicating that computer-aided instruction and cooperative learning 

can be combined to produce an effective delivery system for learning strategies. 

Findings from previous research indicate that the use of computer software tools 

t.o aid users' problem solving skills helped improved performance. Hythecker et al. 

[48] used a computer based learning strategies training module which was shown to 

improve performance. 

TIus research extends the ideas and findings presented above by developing CES 

tools as aids to the implementation of cognitive learning strategies. The focus of 

tlus research is the design of computer software tools that help users with complex 

applications. 

In addition, thls research explores the presentation method used by comparing the 

adjunct method with the embedded presentation method. We wish to deternline the 
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effect of training the user in the use of cognitive learning strategies prior to their 

perfonnance of a task which depends on the use of these strategies. 

2.3 Overview of Literature 

From the area of Hwnan Computer Interaction, we gave a brief overview and defini

tion of the field and then described the goals of HCI. We then discussed the separate 

but interrelated areas of research within the HCI field. Of these five sub-areas we 

focused on task analysis and its relation to this research of this dissertation. 

nom the area of Learning Strategy Theory, we first presented a model of the pro

cess of learning in relation to long term memory, short term memory, and working 

menlory. 'We then discussed strategies for acquiring declarative knowledge and pro

cedural knowledge as summarized on Thble 2.2. In tenns of declarative knowledge 

we focused on five learning strategies defined by Weinstein and Mayer [90]. 

In addition to discussing the learning strategies, we presented an overview of litera

ture on the teaching of learning strategies. This discussion included different methods 

that have been used to present the learning strategies including direct, embedded 

and adjunct instruction. 

The last topic discussed was the computer tools and cognitive research area. Much 

of tIns work stems from the educational and computing research area and the hwnan 

factors area. We looked at the research on reading text on-screen verses reading text. 

in print form. Then we then looked at the research in the areas of memory tools and 

computer-based learning strategies and the results from those studies. 
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Declarative Knowledge: 
Rehearsal 
Elaboration 
Organization 
Comprehension Monitoring 
Affective 

Procedural Knowledge: 
Pattern Recognition 

Generalization 
Discrimination 

Action Sequence 
Proceduralization 
Composition 

Table 2.2: Table of Declarative and Procedural Knowledge Strategies 
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CHAPTER 3 

RESEARCH :METHODOLOGY 

TIns chapter describes the penonnance variables, the subjects, the task, the research 

setting, experimental procedures used and the approach used in the analysis of the 

results. 

TIle research methodology used in tIlls dissertation was a controlled laboratory ex

periment. Experiments are defined as ''research in wIllch variables are manipulated 

and their effects upon other variables observed" [17]. In particular, the empirical 

study, or laboratory experiment, is one of the methodologies wInch maximizes preci

sion and control of the variables. Experiments are used to test hypothesis that have 

been developed from theory or practice. 

TIns research compares the perfonnance of 151 subjects on a situational analysis 

t.ask. The subjects were randomly assigned to one of four groups, the treatments of 

the groups varied by the presence or absence of a set of software tools and by the 

use of one of two presentation methods. TIlls resulted in the 2 X 2 factorial design 

shown in Figure 3.1. 

TIle independent variables were: (1) the presentation method used and (2) the tech

nology used. There were three categories of dependent variables: 1) penonnance 

variables, 2) user satisfaction variables, and 3) use of the software tools variables. 

TIlese variables are discussed further in section 3.4. 
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Figure 3.1: Experimental Design with Number of Participants Shown 

3.1 The Thsk 
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TIle types of infonnation systems (IS) tllls research focuses on are IS that con

t.ain multi-issue, complex, senU-structured infonnation, and infonnation that may 

be qualitative, or textual, in nature. These infonnation systems have been referred 

to as ''messy'' or ''rich'' infonnation systems [87]. Examples of IS that may contain 

infonnation such as tIllS are on-line document retrieval systems or Executive Infor

Illation Systems. This type of on-line infonnatio .. l may also exist in output generated 

from Group Decision Support Systems. In our search for a task that would be rep

resentative of tIlls type of infonnation, we referred to Don Campbell's [16] article on 

t.ask complexity. 



1. Multiple potential ways 

2. Multiple desired outcomes 

3. Conflicting interdependencies among paths 

4. Uncertain probabilities 

Thble 3.1: Factors of Task Complexity 

3.1.1 Task Complexity 
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Campbell [16] identifies four fundamental task attributes and distinguishes them 

from other attributes usually associated with the concept of task complexity. These 

four factors of task complexity are listed in Thble 3.1 and are discussed below. 

An increase in the number of potential ways to arrive at a desired outcome increases 

information load, and thus increases complexity. Multiple paths increase complexity 

when: 1) only one path leads to goal attainment, although many paths appear 

correct, and 2) there is an efficiency criterion embedded in the task, and the paths 

are evaluated against tIns efficiency. 

A problem which is characterized as having multiple desired outcomes increases in 

complexity as the number of desired outcome increases. Each outcome can be seen 

ac:; a task dimension requiring information analysis, as the number of task dimensions 

increases the information analysis increases thus increasing complexity. An exception 

t.o tIns is the case where the outcomes are positively related, thus reducing the 

complexity. 
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In contrast to the above, complexity can occur due to conflicting interdependencies 

among paths. If achieving one desired outcome conflicts with achieving another 

desired outcome, complexity will increase. An example of this would be a quality 

verses quantity production problem, as quantity increases quality decreases, given 

no change in input resources. 

The last factor, uncertain probabilities among paths and outcomes, indicates that 

the connection between potential path activities and desired outcomes cannot be 

established with certainty. If these links or paths exist, potential paths cannot be 

eliminated quickly, and different action-outcome contingencies must be evaluated. 

Campbell has established a topology of complex tasks based on combinations of the 

above factors of task complexity. This topology is presented in Thble 3.2. Decision 

tasks are tasks that have a common emphasis on choosing or discovering an outcome 

that optimally achieves multiple desired end-states. The main factor of a decision 

task is the existence of multiple desired outcomes. Decision tasks can be differenti

ated by either the presence or absence of conflicting interdependence among paths 

and by either the presence or absence of uncertainty. Judgment tasks can be dis

tinguished by either conflicting interdependencies among paths or uncertainty, or a 

combination of both. Judgment tasks require the task-doer to select important pieces 

of infonnation, weigh these pieces, and combine the weighted infonnation to arrive at 

a judgment. Problem tasks are characterized by multiple ways to reach an end-stat.e 

and the presence or absence of conflicting interdependencies, and the presence or 

absence of uncertainty. The common characteristic of fuzzy tasks is the presence of 

multiple paths AND multiple-desired outcomes. Conflicting interdependencies and 

uncertainty can be either presence or absent. 

On the basis of Campbell's analysis we chose the category of judgment tasks as most 



1. Decision Thsks 
- select the best alternative 

2. Judgment Thsks 
- select important pieces of infonnation 
- weight these pieces appropriately 
- combine the weighted infonnation to arrive 

at judgment 

3. Problem Thsks 
- find the best way to achieve the outcome 

4. Fuzzy Thsks 
- select among nmltiple desired outcomes and ways 

of attaining them 

Thble 3.2: Topology of Tasks 
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closely matching the problem tIlls research focuses on. Examples of judgment tasks 

are intelligence analysis, stock market analysis, or nmltiple cue probability learning. 

3.1.2 The Thsk Used for tIlls Research: 

The objectives of the task we chose are to: 1) test the ability to analyze business 

situations, and 2) test the subjects ability to draw conclusions from the infonnation 

presented. The characteristics of the task are that of having: 1) semi-structured or 

unstructured information, 2) nmlti-issue environments, and 3) infonnation that is 

qualitative, or textual, in nature. 

\iVe perfonned a pilot test on two selected judgment tasks to detennine if the tasks 

were appropriately difficult for the subjects of our experiment (see section 3.7 for 

a description of the subjects to be used in the experiment.) Seventy subjects were 
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given a basic judgment task and 62 subjects were given an advanced judgment task. 

The first task, or basic task, was a comprehension and analysis task. This was taken 

from the Standard Applitude Test (SAT) practice exam book [9]. The task involved 

reading a series of passages and answering comprehension and analysis questions 

on these passages (appendix A.I shows the passages, the questions and the correct 

answers to the questions for these passages.) The passages covered a variety of topics. 

The second task, or advanced task, pilot tested was a situational analysis task. Tins 

was taken from Graduate Management Admissions Test (GMAT) practice exam book 

[8]. Tile task involved reading one long passage and then answering questions about. 

statements in the passage. Tile passage discussed a business decision to be made 

by a company. (Appendix A.l shows the passages, the questions and the correct. 

CUlSwers to the questions for these passages.) 

Tile average perfonnance on the basic task was 8.67 correct answers out of 14 or 

CUI average score of 62%. Tile average performance on the advanced task was 7.92 

correct CUlSwers out of a possible 18 or 44% (see Appendix B.3 for the histOgrCUllS of 

the results of these pilot tests). Based on the results of the pilot tests, the advanced 

t.ask was chosen as the task to be used for this research. Appendix A.3 shows the 

passage used for the experiment and Appendix AA shows the questions for that 

passage. 

3.2 The Software 'ThoIs 

All subjects participating in the experiment interacted with a Personal Comput.er 

(see section 3.9 for a complete discussion of the experimental procedures for all 
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groups.) 'The software used in the electronic sessions was designed specifically for 

tIlls experiment. It was written in Thrbo Pascal 5.5 for use on IBM/PS 2 Model 50s. 

A diagram of the software system is shown in Figure 3.2. 

1\vo separate but similar software environments were developed for tIlls research. 

'The same task was perfonned by the subjects using each of the two software envi

ronments. 'The first environment is referred to in tIlls research as the 'without eES 

tools' environment. 'This is a windowed screen used for reading on-line text. 'The text. 

of the advanced task discussed in the pilot test above was displayed to the subject 

in an on-screen window. 'The subject was able to scroll through tIlls text file using 

arrow keys and page-up and page-down keys. 

The second software environment, wIllch is referred to as the 'with CES tools' envi

romnent in tIlls research, is a windowed, mouse-driven menued environment. Refer 

to Figure 3.2 for a conceptual view of tIlls system. Two text files are used in the ',,~th 

CES tools' environment, the first text file is the same text file used in the 'without 

CES tools' environment above. 

The second text file was created by the user, tIlls contains infonnation from the first 

file that the user had selected to be moved into tIlls second file, tIlls second file acts 

as a ''notepad'' for the subject. 'The subject selected text from the first file using 

an electronic mouse to Illghlight the text. 'The Illghlighted text is copied into the 

note file. As with the 'without CES tools' environment, the user was able to scroll 

tlu'ough the text using arrow keys and page-up and page-down keys. 

The first text file was displayed to the subjects in a window referred to as the Main 

Window, tIlls window is pictured in Figure 3.3. 'The second text file, the note file, wac:; 

displayed to the subjects in a window referred to as the Note Wmdow, tIlls window 
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Figure 3.2: The Software System 
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is pictured in Figure 3.4. The user could freely switch back and forth between the 

two windows. Although the user may have only read and copied text from the main 

file, she could reorganize, delete and prioritize the infonnation in her note file, again 

using the mouse to select, delete and move text. These two windows comprised the 

user interface portion of the system. 

<MAIN WINDOW' 

Government policy in Frieland has·traditionally favored foreign inJ 

vestment. Leaders of all political parties have been virtually unanimous 
in their belief that foreign investment in Frieland would contribute to 
sp'eeding that country's economic development, a major priority of both 
the ruling coalition and opposition parties. Of special interest to the 
government were those industries that exported a significant share of 
their total output. Since Frieland has a relatively small population, 
there was a limit to the amount of goods that could be produced for 
the local market. Also. the government did not want to encourage 
foreign investors to compete with the local industry, even though new 
industries might alleviate the already high unemployment rate. 

A final reason for encouraging export-intensive industries was to 
earn badly needed foreign exchange. Frieland had a chronic dE'fi('it ill 

<NOTE WINDOW> <MOVE TeXT> <EXIT' 

Figure 3.3: TIle ;\laill Vv'indow 

3.3 Implementation of the Strategies 

Section 2.2.1 presented a list of five learning strategies, these are rehearsal, organi

zation, elaboration, comprehension monitoring and affective strategies. Met.hods of 

implementing software tools to implement the first two of these strategies are listed 

in Table 3.3. The two strategies that. will be implemented in this research are t.he 



<NOTE WINDOW> 

having Jarge excess capacities and underworked labor forces. It was 
known that Abco had promised the government, amoung other things, 
to (1) employ hundreds of workers, (2) reduce the price of shoes by 
some 30 percent, and (3) export more than half its output. 

Land was given the company on a lease basis for a period of 99 
years, rent-free. 

A government-owned contracting firm built the factory at low 
subsidized prices. . 

<EXIT> <DELETE/MOVE> 

Figure 3.4: The Note Window 
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STRATEGIES IMPLEMENTATION 

Rehearsal Strategies - Highlighting 

- Copying indicated information 
to a file 

Organizational Strategies - Identifying main ideas 

- Outlining 

- Prioritizing pieces of 
information 

- Relating different pieces of 
information 

- Forming a network of ideas . 
In a passage 

Table 3.3: TIle Implementation of Learning Strategies 

rehearsal and organization strategies. .As indicated, methods of implementation for 

t.hese strategies include highlighting of text, copying important pieces of information, 

fOnlung outlines, prioritizing bits of infomlation and relating pieces of infonl1ation. 

\~Te have chosen to only implement tools for the rehearsal and organization strategies. 

3.4 The Performance Variables 

Table 3.4 lists the independent and dependent variables of the experiment. TIle 

independent variables were (1) presentation method used and (2) teclmology. Each 

of these categories are discussed below. 



INDEPENDENT 

- 'Thchnology Used 

- Presentation Method 

DEPENDENT 

- Performance Measures 

Performance Evaluation 
Performance Time 
'Thsk Time 

- Satisfaction with the 
Software 'Thols 

- Use of the SW 'Thols 
Amount of text copied 
Amount of text deleted 
Amount of text moved 
Time in note window 

Thble 3.4: The Perlonnance Variables 

COVARIATES 

- Familiarity with the problem 
- Familiarity with reading documents 

on screen 
- Familiarity with the use of the mouse 

Table 3.5: The Covariate Variables 
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3.4.1 Independent Variables 

TIlere were two independent variables, presentation method and technology. Pre

sentation method was either embedded or adjunct. The second variable, technology, 

consisted of the software tools discussed in section 3.2 or a basic windowing system. 

TIle embedded approach groups were given training in the use of the technology to 

which they had access during the experiment. 'They were instructed in the basic tech

niques of using the software and were allowed a practice session using the technology 

(see section 3.9 for an in-depth discussion on the experimental procedures). 

TIle adjunct approach groups were also given training in the use of the technology to 

which they had access during the experiment. In addition, these groups were taught 

about rehearsal and organizational learning strategy techniques and how they could 

use these teclmiques in performing the experimental task and were told that these 

teclmiques could improve their performance on task. They were allowed a practice 

session using the technology. 

3.4.2 Dependent Variables 

TIlere were three groups of dependent variables, the performance variables for the 

subjects, the satisfaction with the software tools variable, and variables indicating 

the use of the software tools. This latter measure could only be applied to the group 

that used the CES tools. 

TIlere were three performance variables measured: 1) performance evaluation, 2) 

performance time, and 3) task time. The performance evaluation was a relative 

quant.itative measure. It was measured by calculating the number of correct answers 
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on the test taken by each of the subjects over the material reacl. The correct answers 

were identified in the standardized GMAT exam book. The number of correct an

swers given by each subject ranged from 2 to 12 out of a possible 18 and the average 

was 6.417 

Performance time was the time needed to answer questions over the text file read 

in the main window. For the group without the CES tools this time was recorded 

manually, by the experimenter, as the time span from handing the subject the e.xan1 

t.o the time when the experimenter took the exam from the subject. For the group 

with the software tools this was recorded electronically as the time the subject spent 

in the note window while taking the exam to the time the subject exited the note 

window. 

Task time was the time spent in the main window reading the text. This was mea

smed by recording, electronically, the time when the subject started the reading task 

and the the subject exited from the reading task and noting the total time in the log 

file. 

The second dependent variable was the user's satisfaction with the sofbvare tools pro

vided. Tins variable was measmed in an individual post-experimental questiOlmaire 

(see Appendix A.7). Tile questionnaire was developed from several questionnaires 

used in [91][56]. 

Tile third group of dependent variables, the use of the CES tools, could only be 

measured for the 'with CES tools' group. The measures taken were 1) the aIllount 

of time spent in the note window, 2) the munber of text nodes copied into the note 

window, and 3) the number of text nodes deleted or moved within the note window. 
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3.4.3 Covariate Variables 

There were tlrree covariate variables measured; these are listed in Thble 3.5. The 

first, familiarity with the problem FAMPROB, measures how familiar the subjects 

were with the type of problem presented to them. The second covariate variable, 

FAMDOC, measures how familiar the subjects were with reading documents on

screen, and the third familiarity variable, familiarity with use of the mouse, measures 

how familiar the subjects were with the use of an electronic mouse. This last variable, 

FanLMou was measured for the 'with CES tools' group only. 

3.5 The Experimental Design 

The experiment was a 2 X 2 design' as shown in Figure 3.1, incorporating two 

factors, each having two levels. The four separate treatments were: 1) embedded 

presentation without the software tools, 2) embedded presentation with the software 

tools, 3) adjunct presentation without the software tools, and 4) adjunct presentation 

with the tools. The number of subjects who produced usable data are listed in each 

cell, the number in parenthesis indicates the number of subjects who participated in 

each each cell. 

3.6 Hypotheses 

Tills study empirically examines the effects of use of the CES tools compared to 

users not using the CES tools. In addition we also examine the effects of presenting 

t.he tools in an adjunct fashion with presenting the tools in an embedded fashion. 

Our hypothesis for the dependent variables are as follows: (See section 3.4.2 for a 
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discussion of the dependent variables). 

HI: Subjects in the ADJUNCT condition will perceive the quality of the 

system used to be better than subjects in the El\ABEDDED condition. 

Hypothesis 1 focuses on the relationship between end user training and user satisfac

tion with the software used. This is an area of active research in end-user computing 

[21][61][62][78]. The need for development has been noted [73]. In particular, Stein

berg [85] indicated that instructional treatment, in the use of computer tools, affected 

the learner's perception of the role of the computer and of the value of the tools. 

In tIns research one of our independent variables is the method in which we train the 

users about the software tools they will be using. We use an adjunct method and 

an embedded method. With the adjunct method the users are not only told how to 

use the software tools but they are also told about the rehearsal and organizational 

leannng strategies upon wInch the design of the software tools is based and how they 

can implement these strategies using the tools. Whether a user will be more satisfied 

,,~th a tool when they are trained not only on use of the tool but also the desigll 

basis for the tool is not known. 

H2: Subjects using the CES tools will perceive the quality of the system 

used to be better than subjects not using the tools. 

Researchers who have examined differences in subjects' perceptions of leanling have 

typically found improvements in the subject's self-reports of their own motivation 

and leanling in response to the use of computer applications and tools [24][53]. V\Te 

hypothesize that these differences will occur and will result in an increased perception 
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of quality and satisfaction of use. 

H3: Subjects in the ADJUNCT condition ",ill perform better than sub

jects in the El\.1BEDDED condition 

The question this hypothesis focuses on is whether or not the adjunct training method 

can affect performance when using the software tools. Previous research indicates 

that performance can improve with training on strategies for information processing 

[26][46][48] In the adjunct condition subjects will be aware of the rehearsal and 

organizational strategies and how these strategies can be implemented. TIle subjects 

in the embedded condition will not be made aware of these strategies. What we 

e~-pect is that the training the subjects receive in the adjunct condition will influence 

t.heir perlormance in a positive fashion. 

H4: Subjects using the CES tools will perform better than subjects not 

using the tools. 

Steinberg [85] hypothesized that even though not all problem solvers are alike in the 

strategies they apply: for most problems all do accumulate a considerable amount of 

information during the course of problem solving. Since they have a limited amowlt 

of processing capacity (STM and WM) they may find that memory is overloaded 

when trying to keep track of all this information is addition to planning strategies 

for solving the problem. An external aid can relieve the memory load and allow 

them to concentrate on problem-solving. The eES tools provided for the subjects 

will allow them to concentrate on the material they will be reading without having 

t.o tal{e time out to write down notes. This, we feel, will allow them to work more 
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effectively and hence perfonn better. 

Hypotheses 5 and 6 discuss decreased perfonnance time on the exam and on the task 

respectively. Previous research cited for hypothesis 1 indicated that perfonnance can 

improve with training on strategies for information processing [26][46][48], such as 

the training that will be given in the adjunct condition. We propose that this training 

will also improve perfonnance time on the exam as well as on the task. 

H5: Subjects in the ADJUNCI' condition will perform the exam in less 

time than subjects in the EMBEDDED condition. 

H6: Subjects in the ADJUNCI' condition will perform the task in less 

time than subjects in the EMBEDDED condition. 

3.7 Subjects 

The subjects were undergraduate students who were enrolled in an introducto11' 

computer literacy class at a western state university. Subjects received credit towards 

their course grade for participation equal to 0.018% of their total grade. The subjects 

were randomly assigned to one of the four treatments. 

Many researchers believe that the use of undergraduate students is a threat to the 

external validity of the research. That is, the results from the research cannot be 

generalized to the population as a whole. We believe the use of students in a com

puter literacy class in this research was valid because the problem with which the 

st.udents were confronted was within their ability to solve (see section 3.1.2 for a 
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discussion of the pilot test of the task.) In addition, the primary measurement in 

the experiment was relative perfonnance, rather than absolute perfonnance; that is, 

the main measure of perfonnance was the number of correct answers to a test of the 

material. The subject's perfonnance was measured relative to the perfonnance of 

other subject's. Thus, the use of undergraduate student subjects in this research did 

not represent a serious threat to external validity. 

No attempt was made to block the subjects on the basis of their Grade Point Av

erage (GPA) or prior computer skills. In terms of their GPA most of the subjects 

were in their first or second semester of college, 82 of the 151 subjects had earned 

18 or fewer credits, a GPA score for this few credits may have a high degree of vari

ability. In addition, a self reported GPA would not have been reliable. In tem1'3 

of prior computer skills, all the subjects were enrolled in an introductory computer 

class. 'I\venty-four percent of the subjects had never taken a computer class before. 

Sh.i.y-nine percent of the subjects had taken one computer class before. In terms of 

indicators of intellectual capability, SAT scores would have given some indication but 

were not available for use in this research. In addition, all students were enrolled in 

the same computer class with the same instructor. For these reasons the researchers 

considered blocking to be impractical. 

Demographic information on the subjects was collected in the post-experimental 

questionnaire (see Appendix A.7 for the questionnaire and Appendix B.3 for the 

demographic information). The students ranged in age from 17 to 50, with an average 

age of 20.85. The number of computer classes taken by each individual varied from 0 

to 4 with an average of 1.046; the number of computer classes included the number 

taken previous to attending the university. Forty-nine percent of the subjects were 

male. 



58 

3.8 The Research Setting 

The experiments were conducted in an Electronic Meeting System (EMS) facility 

consisting of 24 IBM PS/2 Model 50s arranged in two tiers facing a center control 

console. Behind the console were two Barco screens used to display presentation 

material. Each subject was seated at one of the computers and could see all other 

members in the room over the tops of the computer cabinets. Each of the IBM 

PCs was equipped with a color screen and electronic mouse, both of which were 

necessary to run the software tools designed for the experiment. The keyboard for 

each machine was recessed into the counter and there was a sliding panel covering 

the keyboard when it was not in use. The panel could be lifted and slid into the 

back of the counter area. 

Ten sessions were held in all. 11le first session was used strictly as a pilot test 

for the software, see section 3.2 for a discussion on this. The number of subjects 

participating in these sessions ranged from 13 subjects to 24. The data for one of 

the sessions was unusable due to an unanticipated problem with the software. 

3.9 Experimental Procedure 

A total of 151 subjects participated in the experiment. The subjects were randomly 

assigned to one of four groups. Each group completed the experiment using a unique 

combination of the presentation method and the teclmology. 

The experimental procedures differed slightly for each of the four separate treatments. 

For the two treatments using the cognitively engineered software tools an explana

tion of the tools was necessary. For the two treatments NOT using the cognitively 
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engineered software tools an explanation of the windowed text-reading 'environment 

was necessary. For the two adjunct treatments a preliminary explanation of the re

hearsal and organizational strategies was necessary. A checklist was used to prepare 

for and conduct each of the sessions (see Appendix A.6 for the checklists). 

Subjects from two sections of the same introductory computer literacy course were 

requested to sign up for 1 of 9 time slots for the sessions. The instructor for the 

computer literacy class annuunced the following to the students: 

''You will be performing an Oll-screen reading task. You will be presented 

with on-screen text, you will read the text and then answer some ques

tions about the text. You will NOT be graded on your performance, all 

answers to questions will be strictly confidential. You will be asked to 

not discuss this task with any classmates. The entire task will take a 

MAXIMUM of two hours. The entire process will take place in BPA 309 

which is the Electronic Meeting System room. " 

The students were then requested to sign up for one of the nine sessions. The times 

for these sessions are shown in '!able 3.6. A maxinnun of 24 students were allowed to 

sign up for each session, since there were 24 workstations available in the computer 

lab. All 24 slots were filled for all 9 sessions although several students failed tp 

show up for their allotted times. A tenth session was later added to make up for a 

session in which all data was lost. The determination of the treatment used for each 

individual session was random. 

Before each of the sessions, the researcher arrived 30 minutes early to install the 

software on the workstation. An AUTOEXEC.BATfile (see section 3.2, The Software 

Tools) was executed and the initial screen with the statement "Press enter to start" 
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DAY TIl\1E(S) 

Monday 04/09 3-5 pm 

'Thesday 04/10 9-11 am 

Thursday 04/12 9-11 am 

Monday 04/16 3-5 pm 

'Thesday 04/17 3-5 pm 
7-9 pm 

Thursday 04/19 3-5 pm 
6-8 pm 

Saturday 04/21 10-12 noon 

'Thesday 04/24 6-8 pm 

Thble 3.6: Time Slots for the Session 

was displayed on all the workstation screens. 

'iVhen subjects arrived they were instructed to sit at one of the computer stations. 

They were requested to not open the panel that exposed the keyboard (see section 

3.B, 'The Research Setting) until instructed to do so. 

For each of the sessions the researcher introduced herself to the group, this ,vas 

followed by a brief discussion of the Electronic Meeting Session (EMS) room and the 

functions it served. 

The basic steps followed for each session were as follows: 

1. Introduction of the researcher 

2. Introduction and brief discussion of the EMS room 
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3. An explanation to the subjects of each of the steps of the session 

4. A discussion of the software tools and how to use them. For the treatment 

groups not using the cognitively engineered software (CE.S) tools an explana

tion was given of the windowed environment and directions on how to scroll 

through the document. For the groups using the (CES) tools treatment groups, 

directions on use of the mouse, menus and windowed environment were given. 

5. Practice session 

• A short practice session followed for all four treatments 

• A presentation of the rehearsal and organizational learning strategies was 

given for the ADJUNcr treatment groups. 

6. A description of the task domain was given, subjects were instructed that they 

had 30 minutes to finish the task, they were told that if they completed the task 

before then, they were to signal the researcher. (The list of items to identify in 

the task were displayed on the Barco, see Appendix A.5 for this list of items.) 

7. When the subjects finished the reading task, they were given a list of questions 

about statements from the reading task and asked to answer the questions. 

The group NOT using the CES tools were allowed to use notes they had taken 

during the reading task. The start time was noted on their exam. When 

they finished answering the questions the end time was noted and the station 

number was recorded. The group using the CES tools were allowed to refer 

to the note screen which displayed the notes they took 'electronically' during 

the reading task. The start time and stop time for these groups was recorded 

in an electronic log. Their station munber was recorded when their exanl was 

collected. A maximum of 20 minutes was allowed for the performance eXaDl. 
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8. After all subjects in the group had finished the exam a post-test questionnaire 

was distributed. When they had been completed, these were collected and the 

station nwnbers were recorded on each. Subjects were allowed a maximum of 

10 minutes for the post-test questionnaire. (See Appendix A.7). A roll call was 

then taken to record the names of all subjects. 

9. A presentation was then given discussing learning strategy theory and its prac

tical applications. The software was then discussed and its impact and use. 

10. The subjects were requested to not discuss what occurred during the session 

with anyone and they were thanked for their participation. 

3.10 The Analysis 

Chapter 4 presents and discusses the experimental observations and the data analysis. 

The observations are grouped into three sections. The first section presents the 

performance variables, the second section discusses the user perception variables, 

and the third section discusses the user's prior use of the technology. The methods 

of analysis used were ANOVA, ANCOVA, and scattergraphs. In addition, correlation 

matrices are presented for all appropriate dependent variables. 
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CHAPTER 4 

E:MPIRICAL EVALUATION AND RESULTS 

In this we chapter present and discuss the experimental observations and the data 

analysis for the observations. The discussion is centered arOlmd the hypotheses 

presented in section 3.6. The observations are grouped into three sections. In section 

4.1 we discuss the user satisfaction variables in relation to hypothesis 1 and 2. These 

observations are taken from the post- experimental questionnaire questions 6a, 6b 

and 6c and cover the users satisfaction with the software used for the task. 

Section 4.2 presents the perfonnance variables and presents a discussion of hypothesis 

3, 4, 5 and 6. TIle perfonnance evaluation, which is measured as the nwnber of 

correct answers on the post-task exam, is presented as the first perfonnance variable. 

TIle time to perform the post-task exam is presented as performance time, and the 

time spent in the main text window is presented as task time. In addition, the three 

performance variables are analyzed using the familiarity and satisfaction variable as 

covariates. 'Table 4 lists the hypothe.%c-ana the results of the analysis. 

In section 4.3 we discuss the use of the CES tools. For this discussion we include 

only the two CES groups. These variables cover the text movement variables and 

the time spent in the note window. The tool use variables for the CES groups are 

further analyzed using the satisfaction with the software variables and the number 

of nodes copied as covariates. 



HYPOTHESES 

H1: Subjects in the ADJUNCT condition will perceive 
the quality of the system used to be better than 
subjects in the EMBEDDED condition 

H2: Subjects using the CES tools will perceive the 
quality of the system used to be better than subjects 
not using the tools 

H3: Subjects in the ADJUNCT condition will perform 
better than subjects in the EMBEDDED condition 

H4: Subjects using the CES;tools will perform better 
than subjects not using the tools 

H5: Subjects in the ADJUNCT condition will perform 
the exam in less time than subjects in the EMBEDDED 
condition 

H6: Subjects in the ADJUNCT condition will perform the 
task in less time than subjects in the EMBEDDED 
condition 

Figure 4.1: Hypotheses Table 
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ACCEPT 

REJECT 

REJECT 

REJECT 

REJECT 

REJECT 



6. What do you feel was the overall 
you used for the task? 

6.A Excellent 
1 

6.B Confusing 
1 

6.C Inefficient 
1 

Rescaled 6.A 
6.A Poor 

1 

2 

2 

2 

2 

Fair 
3 

3 

3 

Fair 
3 

quality of the system 

Poor 
4 5 

Understandable 
4 

4 

4 

5 

Efficient 
5 

Excellent 
5 

Figure 4.2: Perceived Quality of the Software Questions 

Section 4.4 provides a discussion of the results of the analysis and summarizes. 
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Observations are from 151 subjects. 1. Due to the exploratory nature of this research 

a 10% significance level [35] was used. 

4.1 User Satisfaction Variables 

The measures for the user satisfaction variables are taken from the post-experimental 

questionnaire. TIlls group of variables consists of question 6, part A,B and C. TIlese 

three parts are concerned with the subject's satisfaction with the quality of the 

software system used. These questions are displayed in Figure 4.2. A five point 

likert scale was used. The answer levels for part A were reversed from those of parts 

Band C. 
1 All statistics were calculated using SPSS-X statistics package, release 3.1, on a VAX 760 com

puter running VMS version 5.1 



66 

Part A Part B Part C 

PART A 1.0000 .4087 .5765 
( 148) ( 146) ( 145) 
P= . P= .000 P= .000 

PART B .4087 1.0000 .6366 
( 146) ( 148) ( 145) 
P= .000 P= . P= .000 

PART C .5765 .6366 1.0000 
( 145) ( 145) ( 145) 
P= .000 P= .000 P= . 

(COEFFICIENT / (CASES) / i-TAILED SIG) 
" " IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED 

Figure 4.3: Pearson Correlation Coefficients for Perceived Quality of Software Vari
ables 

Part A measmed subject's perceived level of quality of the system. Part B measmed 

how easy the subjects thought the system was to understand, and part C measmed 

the subject's perceived level of efficiency of the system. A .correlation was run on 

these three measmes and the results are shown in Figure 4.3. Since part A was using 

a reversed scale, the values of part A were again reversed for the analysis so the scale 

of answers matched for parts A, Band C, ie. 1=5,2=4,3=3,4=2 and 5=1. 

As can be seen from the values in Figure 4.3 the perceived quality measmes were 

highly correlated with very low sampling error 2. This allowed us to use one measme 

of the these three measmes as a composite score. Since all three variables were 

measmmg approximately the same thing and all three measmes used a five point 

likert scale, an average of all three measmes for each case was used as the composite 

measme. 

2p= .000 indicates the sampling error as the percentage of the correlation that could occur due 
to sampling error [44). 
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Figure 4.4 gives the means for the composite satisfaction variable and Table 4.1 gives 

the ANOVA statistics for the composite satisfaction variable. There were main effects 

for both the teclmology and the presentation method, but no significant interactions 

occurred. The groups in the without the CES treatments were more satisfied with the 

overall quality of the system they used. Also, the groups who received the adjunct 

presentation method were more satisfied with the overall quality of the system they 

used. 

The hypothesis pertaining to the satisfaction with the software are: 

HI: Subjects in the ADJUNCT condition will perceive the quality of the 

system used to be better than subjects in the E:MBEDDED condition. 

H2: Subjects using the CES tools will perceive the quality of the system 

used to be better than subjects not using the tools. 

The data support HI. In fact tIlls hypothesis is also supported at a 5% significance 

level. The implications for training in the use of computer tools are clear. In t.he 

adjunct condition, a presentation was given of the rehearsal and organizationallea111-

ing strategies and how they could be used. Research has indicated that satisfaction 

with the software leads to increased usage of the software [7][34]. In addition, the 

measurement of how satisfied a user is with IllS or her information system has become 

a pervasive measure of the success or effectiveness of an information system [6][50]. 

The support shown for HI has implications for future research in training and the 

use of these strategies in this area. If presentation method, such as adjunct ver

sus embedded presentation methods, can significantly affect satisfaction with use of 

the software the presentation method should be treated as an important variable 

impacting satisfaction and therefore use of the tools. 



Presentation 
Method 

Thchnology 

Adjunct 

Embedded 

With 
'!boIs 

3.84 
(0.81) 

3.63 
(0.95) 

Thchnology 3 74 Means . 

Without 
'!boIs 

4.55 
(0.56) 

4.25 
(0.74) 

4.38 

Presentation 
Means 

4.20 

3.97 

Figure 4.4: Means for Composite Satisfaction Variable 
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H2 was not supported by the findings. The ANOVA statistics indicated that the 

'without CES tools' groups were more satisfied with the software used. This result. 

was unexpected. Ease of use is a major component of user satisfaction [29] and has 

become increasingly important in software design [14]. There is increasing evidence 

t.hat the effective functioning of an application depends on its ease of use or usability 

[41]. Upon analysis of written comments by the 38% of those in the 'with CES tools' 

group who commented, it appears that the mouse was difficult for them to use. TIns 

difficulty may have accounted for a major portion of the dissatisfaction with the 

soft,vare. 
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INDEPENDENT df MS F-RATIO P 
VARIABLES 

PRESENTATION 1 2.473 4.149 0.044 

TECHNOLOGY 1 15.681 26.308 0.000 

INTERACITON 1 .062 .105 .747 

Table 4.1: ANOVA Statistics for Quality of the Software Composite Variable 

4.2 Performance Variables 

TIle three perlonnance variables measured were 1) the perlonnance evaluation, Perl_Eval, 

which was measured as the munber of correct answers on the exam, 2) the perlor

llliUlce time,Perl_Time, was measured as the time the subject took to finish the 

post-task exam, and 3) the task time, Thsk_Time, which was measured as the time 

the subject spent in the main and note windows. The results of the measures of 

these three variables are discussed below. 

4.2.1 Performance Evaluation 

TIle two hypothesis pertaining to the perlonnance evaluation, Perl_Eval, variable 

are: 

H3: Subjects in the ADJUNCI' condition will perform better on the exam 

than subjects in the El\1BEDDED condition. 
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H4: Subjects using the CES tools will perform better on the exam than 

subjects not using the tools. 

Penonnance evaluation was measured by the nwnber of correct answers to a set 

of questions on an exam of the text material from the task. See section 3.8 for 

a discussion of the experimental procedmes. Figure 4.5 gives the means for the 

perfonnance measures for the fom treatments. Thble 4.2 gives the ANOVA statistics 

for the two independent variables. 

Hypotheses 3 was not accepted. There was a strong main effect from the presentation 

treatment on the performance on the post-task exam. The groups who were given 

the embedded presentation treatment performed significantly better on the post-task 

exam, which was contrary to hypothesis 3. There were no significant interactions. 

One possible reason for the better performance of the embedded treatment groups 

may be that the amount of cognitive effort needed for the task combined with the 

increased cognitive effort needed to implement the learning. strategies was too much 

for the adjunct groups, resulting in a cognitive overload and decreased performance. 

Since most problem solvers have a limited amount of processing capacity [18][60][63], 

they may find th~ memory is overloaded when trying to keep track of all of the 

needed information while at the same time trying to plan strategies to solve the 

problem [52][85}. This overload may prevent even minimal amounts of necessary 

planning from occurring. This has implications for future research in this area. If 

cognitive overload did occur, care must be taken to insure that the subject is familiar 

with the strategies before they are asked to use them. This implies a more extended 

training period on the strategies. 
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INDEPENDENT df MS F-RATIO P 
VARIABLES 

PRESENTATION 1 20.924 4.554 .035 

TECHNOLOGY 1 .388 .085 .772 

INTERACTION 1 1.073 .234 .630 

Table 4.2: ANOVA Statistics for Perlormance Evaluation Variable 

H4 was not supported. The CES group did not perlonn significantly better than 

the non-CES groups, there was no significant difference between the two groups. In 

other words, the tools did not seem to make a difference one way or the other. In the 

performance evaluation the students had to rely on the notes they had taken. The 

non-CES tools group had written notes that they had copied; the with-CES tools 

groups had the notes they had taken 'electronically'. Steinberg [85] noted that the use 

of an extemal aid (tool) can relieve memory load and allow subjects to concentrate 

on problem-solving. Steinberg also noted that the tool was most effective when the 

subject is allowed the freedom to use it as needed, which was done in this research, 

but was also given feedback about appropriate use of the tool. Feedback apparently 

helps learners understand the value of the tool. If feedback is not provided subjects 

do not necessarily take the time to comprellend the value of the tool. The feedback 

element may be the element that is required to allow the subjects to see the value in 

the tool and therefore to benefit from it. FUture research m 

Covariance Effects on Performance Evaluation 

\iVe would now like to present data analysis from the experimental observations which 



Presentation 
Method 

'Thclmology 

With Without 
Thols Tools 

Adjunct 5.78 6.06 
(2.21) (2.32) 

Embedded 6.71 6.64 
(1.71) (2.22) 

'Thchnology 6 23 
Means . 6.38 

Presentation 
Means 

5.92 

6.67 

Figure 4.5: Means for Perfonnance Evaluation Variable 
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8. How familiar are you with the type of problem just presented 
to you? 

Never seen it A bit familiar Very familiar 
1 2 3 4 5 
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9. How familiar are you with reading documents, such as the one presented 
here, on a computer screen? 

Not Familiar 
At All 

1 2 3 4 

Very 
Familiar 

5 

Figure 4.6: Perceived Familiarity with the Teclmology Questions 

explores the combinational impact of several of the variables. We explore the effects 

of the three covariate variables, previously identified, on the perfonnance evaluation 
. " 

variable. These variables are: (1) familiarity with reading documents on-screen with 

variable name FAMDOC, (2) familiarity with the problem presented to them, with 

variable name FAMPROB, and (3) familiarity with use of a computer mouse with 

variable name FAM.MOU. In addition, we will also use the number of nodes copied 

with variable name NO_COP in our analysis. The last two variables will be analyzed 

for the CES groups only. 

The two familiarity with the technology variables from the post-test questiomlaire 

are listed in Figure 4.6. Question 8 asked the subjects how familiar they were with 

the type of problem just presented to them. Question 9 asked the subjects how 

familiar they were with reading documents on-screen. 

Covariance effects of familiarity with reading documents on-screen 

TIle first covariance analysis we will look at is an analysis of perfonnance with the 

covariate for familiarity with reading documents on-screen. This is from question 9 
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of the post-task questionnaire shown in Figure 4.6. The covariate analysis statistics 

are shown in Appendix C. The effects of the familiarity with reading documents on

screen variable were not significant as can be seen by the F-value of 2.540. However, 

the effects of the presentation method not only remained significant to the overall 

performance of the subjects, but actually increased ill significance. This indicates 

that subjects who had experience in reading documents on-screen did not neces

sarily have an advantage in performance over subjects who had not previously had 

experience reading documents on-screen. 

Covariance effects of familiarity with the task 

The second covariance analysis we will look at is an analysis of performance with 

the covariate for familiarity with the task. This is from question 8 of the post-task 

questionnaire shown in Figure 4.6. The covariate analysis statistics are shown in 

Thble 4.3. 

The effects of the familiarity with the task variable were significant at the 10% level 

as can be seen by the F-value of 2.837. In addition the effects of the presentation 

method remained significant to the overall performance of the subjects but decreased 

slightly in significance. This indicates that subjects who had experience with tllis 

particular type of task had some advantage in performance over subjects who did 

not have experience with the task. This shows the importance of measuring for 

familiarity with the task. If there is a significant difference between subjects who 

are familiar with the task and those who are not tills may possibly be used as a a 

blocking factor in future research. 

Covariance effects of familiarity with the use of a computer mouse 

The first tool use variable indicates how familiar a subject is with the use of an elec

tronic mouse. The question for prior use of a computer mouse is shown in Figure 4.7. 
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Sum of Mean Sig 
Source of Variation Square=: DF Square F of F 
Covariates 12.912 1 12.912 2.837 .094 

FAMPROB 12.912 1 12.912 2.837 .094 

Main Effects 20.649 2 10.325 2.269 .107 
PRESENT 20.037 1 20.037 4.403 .038 
TECHNOL .225 1 .225 .049 .824 

2-WAY Interactions .383 1 .383 .084 .772 
PRESENT TECHNOL .383 1 .383 .084 .772 

Explained 33.945 4 8.486 1.865 .120 
Residual 664.426 146 4.551 
Total 698.371 150 4.656 

Table 4.3: Perfonnance Evaluation with Familiarity with Thsk Covariate 

8. How many times have you used a computer mouse before? 

Never 
1 2 

A few times 
3 4 

Frequently 
5 

Figure 4.7: Prior Use of the Mouse Question 

A 5 point likert scale was used with endpoint 1 indicating that the subject had never 

used an electronic mouse, and endpoint 5 indicating the subject uses an electronic 

mouse frequently. An ANOVA was run comparing the embedded presentation group 

with the adjunct presentation group. The means for the two groups are shown in 

Figure 4.8 and the ANOVA statistics are shown in Table 4.4. These results indicate 

that the two groups were homogeneous in terms of prior use of the electronic mouse. 

The effects of the familiarity with the use of a computer mouse on perfonnance were 

significant at the 10% level as can be seen by the F-value of 3.809. The effects of the 

presentation method remained significant to the overall perfonnance of the subjects 

but decreased from 3.803 to 3.276 in significance. This indicates that subjects who 

had experience in using a computer mouse had an advantage in perfonnance over 



Presentation 
Method 

Embedded Adjunct 

3.03 2.75 
(1.52) (1.55) 

Figure 4.8: Means for Prior Use of the Mouse 

INDEPENDENT 
VARIABLES 

PRESENTATION 

df MS F-RATIO P 

1 1.365 0.574 0.451 

Thble 4.4: ANOVA Statistics for Prior Use of the Mouse 
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Source of Variation 
Covariates 

FAM_MOU 
Main Effects 

PRESENT 
Explained 
Residual 
Total 

Sum of 
Squares 

14.619 
14.619 
12.574 
12.574 
27.194 

257.149 
284.343 

DF 
1 
1 
1 
1 
2 

67 
69 

Mean 
Square 
14.619 
14.619 
12.574 
12.574 
13.597 
3.838 
4.121 

F 
3.809 
3.809 
3.276 
3.276 
3.543 

Thble 4.5: Performance Evaluation with Mouse Familiarity Covariate 
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Sig 
of F 
.055 
.055 
.075 
.075 
.034 

subjects who did not have experience in using a computer mouse. This shows not 

only the importance of measuring previous use of the teclmology involved, but also 

indicates that overall perlormance may improve with increased use of the tools and 

has implications for experimental design in future research. 

Covariance effects of the number of nodes copied 

The last covariate measure we look at for effects on overall perlonnance is the measure 

of the total number of text nodes copied into the note window. The covariate analysis 

statistics are listed in Appendix C. The effects of the total number of text nodes 

copied is not significant to overall performance as can be seen by the F-value of 

0.667. The effects of the presentation method remained significant to the overall 

performance of the subjects but actually did decrease in significance from 3.803 to 

3.141. This indicates that copying more text from the main document into the note 

window did not necessarily improve performance. 

4.2.2 Performance Time 

The performance time was measured as the time each of the subjects took to complete 

the post-task exam. The time was recorded manually for the without eES groups, 
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the time was recorded electronically for the with CES groups. Section 3.2 discusses 

tins procedure in detail. 

'The hypothesis pertaining to the post-task perfonnance time is: 

H5: Subjects in the ADJUNCT condition will perform the exam in less .. 

time than subjects in the El\1BEDDED condition. 

Hypothesis 5 was rejected. Figure 4.9 gives the means for the perfonnance times 

for the four treatments. '!able 4.6 gives the ANOVA statistics for the post-task 

perfonnance time. 'There were no effects for the presentation method treatment 

groups and there were no significant interactions. 

It was expected that the adjunct groups would perform the post-task exam in less 

time than the embedded groups. 'This hypothesis was not supported however. In

stead the unexpected result was that the groups that used the CES tools perfol1ued 

the post-task exam in significantly less time than the non-CES groups. In perf 01111-

ing the post-task exam the CES groups referred to the 'electronic notes' they had 

taken and the non-CES groups referred to the hand-written notes they had taken. 

A possible explanation for this may be that the 'electronic notes' were easier to read 

and therefore the CES groups could perform an exam, using these notes, in less time. 

hntially, one explanation of the faster post-task exam perfonnance time for the with 

CES tools group would be that this group could read their notes on-screen wlnle the 

without CES tools group read their notes in print form. But according to the results 

of the literature [32][33][39] it is inconclusive if there is an advantage of one media 

over the other. 



Presentation 
Method 

'Thchnology 

Adjunct 

Embedded 

With 
'Thols 

7.11 
(2.53) 

6.85 
(2.47) 

'Thchnology 6 99 
lVleans . 

Without 
'!boIs 

7.53 
(1.87) 

7.71 
(2.25) 

7.63 

Presentation 
Means 

7.32 

7.34 

Figure 4.9: Means for Post-Task Perfonnance Time 
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Another explanation may be that since the CES tools allowed the subjects to re

arrange their notes (the use of organizational strategy) these notes were organized in 

a manner that allowed the subject to search the notes in a more expedient fashion. 

The non-CES groups, with hand-written notes, could also rearrange their notes but 

it may have been more difficult. 'This is speculation but is a point to he noted for 

future research. 

Covariance Effects on Performance Time 

Since none of the subjects in any of the four groups used the computer mouse in the 

post-task exam, the effects of the familiarity with a computer mouse variable 011 the 

perfonnance time was not tested. 



INDEPENDENT 
VARIABLES 

PRESENTATION 
TECHNOLOGY 
INTERACTION 

df MS 

1 0.019 

1 15.569 

1 1.819 

F-RATIO 

0.004 

2.957 

.345 

P 

0.952 

0.088 

.558 

'!able 4.6: ANOVA Statistics for Post-'!ask Perfonnance Time 

Covariance effects of familiarity with reading documents on-screen 
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The first covariate measure we will look at for effects on overall perfonnance time 

is the familiarity with reading doctUl1ents on-screen variable. The covariate analysis 

statistics are shown in Appendix C. The effects of this variable on perfonnance time 

is not significant as can be seen by the F-value of 0.174. If the familiarity with 

reading documents on-screen variable had shown an effect this would have given the 

CES groups a distinct advantage in the post-task perfonnance time. 

Covariance effects of familiarity with the task 

TIle second covariate measure we look at for effects on perfonnance time is the 

familiarity with the task variable. The covariate analysis statistics are shown in 

Appendix C. The effects of this variable on perfonnance time is not significant as 

caI1 be seen by the F-value of 0.116. 

Covariance effects of the number of nodes copied 

The last covariate measure we will look at for effects on post-task perfonnance time 

is the measure of the total nwnber of text nodes copied into the note window. Again, 

there was there were no significant effects of nwnber of nodes copied (No_Cop) on 
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perlormance time. The covariate analysis statistics are shown Appencfuc C. 

4.2.3 'Thsk Time 

The task time was measured as the time the subject took to perlorm the task, that is 

to read the docwnent on the screen and take notes, either manually or electronically, 

on the docwnent. The procedure used is as follows: A description of the task domain 

was given, subjects were instructed that they had 30 minutes to finish the task, 

they w~e told that if they completed the task before then they were to signal the 

researcher. The time for the task was recorded electronically. See section 3.2 for a 

detailed description of the software log files used. 

The hypothesis pertaining to the task time is: 

H6: Subjects in the ADJUNCT condition will complete the task in less 

time than subjects in the E:MBEDDED condition. 

Hypothesis 6 was rejected. Figure 4.10 gives the means for the task times for the 

four treatments. Thble 4.7 gives the ANOVA statistics for the task times of the two 

independent variables. There were no main effects and no interactions for either of 

the independent variables. The means table showed no significant differences in the 

mean task times for any of the treatments. Initial hypothesis indicated that the 

groups with the adjunct training would perlorm the task in less time [25][26][27]. 

Previous research on the teaching of learning strategies uses direct training, which 

explicitly cues or prompts the subjects to use specific strategies. This method is 

impractical in the use of cognitive tools to be used with information systems. In our 

researcll we used the adjunct method in which we gave the subjects a presentation 
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INDEPENDENT df MS F-RATIO P 
VARIABLES 

PRESENTATION 1 23.842 0.697 0.405 

TECHNOLOGY 1 73.335 2.145 0.145 

INTERACTION 1 17.333 .507 .478 

Thble 4.7: ANOVA Statistics for Task Time 

on the rehearsal and organizational strategies but during the session they were given 

no cues or prompts on using the strategies. The results of this analysis may indicate 

that either the adjunct training method is not enough to improve performance or 

more time is needed to allow the presentation of the strategies to 'sink in' or for the 

subjects to become more cognitively aware of the strategies. This has implications for 

future research in the investigation of the presentation and use of these presentation 

methods. 

One possible explanation for the lack of task time differences for the CES tools 

gToupS is that they needed extra time to use the tools since they were unfamiliar 

, with them. They had a brief training period with the tools but that may not have 

been sufficient. In [85] it was shown that there was no time difference in performing 

the task between groups using the organizational/memory tools without feedback 

and the control group which did not use the tools. 



Presentation 
Method 

Thchnology 

With Without 
Thols Thols 

Adjunct 21.31 20.61 
(9.38) (3.62) 

Embedded 21.24 19.18 
(4.86) (4.00) 

19.81 

Figure 4.10: Means for Task Time 

Presentation 
Means 

20.96 

20.06 
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4.3 'Thol Use Variables 

'Ibis section explores the manner in which the with-CES tools groups used the tools. 

There were no hypothesis stated concerning tool use. The tool use variables pertain 

to only the subjects that used the CES. There are two categories of tool use vari

ables. The first category of tool use variables concerns the amount of text movement 

initiated by the subjects. There are three variables for this: 1) the number of text 

nodes moved into the note window, 2) the number of text nodes deleted from the 

note window and 3) the munber of text nodes moved around within the note window. 

The second category of tool use variables is the time spent in the note window. 

4.3.1 'Text Movement Variables 

TIle text movement variables indicate how active a subject was in the use of the 

copy, delete and move text options. The text movement variables were recorded in 

a log file of the CES softWare system (see section 3.2 for a description of the tools 

and the log files) for each of the subjects using the CES tools. There are three te}..i; 

movement variables: I} number of text nodes moved within the note window file (see 

section 3.2 describing the software tools), 2) the munber of text nodes deleted within 

the note window, and 3) the number of text nodes copied into the note window. A 

text node is one line of text from the main text file. 

'This section discusses the relationship of the copying, deleting and movement of text 

variables for the adjunct presentation method and embedded presentation method 

CES groups. The basis of analysis is the difference in the use of the copying, deletion 

and moving of text nodes between the adjunct and embedded groups. 
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Number Number 
Moved Deleted 

Number 1.0000 -.0638 
Moved ( 70) ( 70) 

P= . P= .300 

Number -.0638 1.0000 
Deleted ( 70) ( 70) 

P= .300 P= . 

(COEFFICIENT I (CASES) I i-TAILED SIG) 
II II IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED 

Figure 4.11: Pearson Correlation Coefficients for the Number of Text Nodes Moved 
and Number of Text Nodes Deleted 

Move 'lext and Delete 'lext Strategies 

vVe first look at the relationship between the munber of nodes moved verses the 

number of nodes deleted. Figure 4.11 shows the Pearson correlation of these two 

variables. As can be seen from Figure 4.11, there is no correlation between these two 

variables. 

To analyze the use of the delete node and move node strategies we first examined a 

scattergraph of the values of these two variables for the subjects in the eES groups. 

In our analysis we included only those subjects who had moved or deleted at least 

one text node. Of the 70 subjects in the eES groups 32 had moved or deleted at 

least one text node. Figure 4.12 shows the scattergraph for this analysis. A very 

interesting and obvious point here is that 23 of the subjects whose data is repre

sented on the scattergraph exclusively used the delete-node or move-node strategy. 

This may indicate that subjects had some difficulty incorporating both strategies 

simultaneously and therefore chose only to implement one or the other. 

To further explore the issue of exclusive use of one strategy over the other we plotted 
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Figure 4.12: Scattergraph for the Number of Text Nodes Moved and NlllIlher of Text 
Nodes Deleted 
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a scattergraph of the number of nodes deleted verses the number of texts node moved 

by presentation method. Figure 4.13 displays this scattergraph with some interesting 

results. The symbol 'E' indicates subjects who received the embedded presentation 

method, the 'A' symbol indicates subjects who received the adjunct presentation 

method. The '$' symbol indicates a nmltiple occurrence of the presentation methods. 

Seventeen of the thirty-two subjects received the adjunct presentation method, fifteen 

of the thirty-two subjects received the embedded presentation method. 

A numerical breakdown shows that of the 16 subjects who exclusively used the delete 

strategy 10 had received the embedded presentation method and the remaining 6 

received the adjunct presentation method Figure 4.14 lists these figures. Of the 7 

subjects who exclusively used the move nodes strategy 3 had received the embedded 

presentation method and 4 had received the adjunct presentation method. Of the 9 

subjects who used varying degrees of both strategies 2 had received the embedded 

presentation method and the remaining 7 had received the adjunct presentation 

method. 

As can be seen from Figure 4.14 of the group who received the adjunct presentation 

method almost half used both strategies. Of the group who received the embedded 

presentation method only 2 out of 15 used both strategies. 1\vo thirds of the group 

who received the embedded presentation method used only the delete strategy. 

Copying 'lext Strategy 

Let us now examine the implications of the munber of text nodes copied into the 

note window. We first ran two separate correlations. The first is the correlation 

between the number of text nodes deleted and the number of text nodes copied, the 

second correlation was between the number of text nodes moved and the number of 

teAi nodes copied. These are shown in Figures 4.15 and 4.16 respectively. For both 
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Figure 4.13: Scattergraph for the Number of Text Nodes Moved and Number of Text 
Nodes Deleted by Presentation Method 



Delete 
Only 
Move 
Only 
Both 
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7 

Presenti).tion 
Method 
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Figure 4.14: Use of Delete and Move Strategies 

NUMBER NUMBER 
DELETED COPIED 

NUMBER 1.0000 -.0224 
DELETED ( 26) ( 26) 

P= . P= .457 

NUMBER -.0224 1.0000 
COPIED ( 26) ( 70) 

p:: .457 P= . 

(COEFFICIENT / (CASES) / 1-TAILED SIG) 
II II IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED 
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Figure 4.15: Pearson Correlation Coefficients for the Number of Text Nodes Deleted 
and Number of Text Nodes Copied 

of these the Pearson correlations were close to zero. 

We then looked strictly at the number of text nodes copied. We ran an AN OVA 

for the number of nodes copied. The means are shown in Figure 4.17. As can be 

seen from the ANOVA numbers in Table 4.8 the difference is significant. The table 

of means shows a very large difference between the number of text nodes copied 

by the adjunct presentation method group and the embedded presentation method 

gTOUp. The embedded presentation method group copied, on the average, 50% more 
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NUMBER NUMBER 
MOVED COPIED 

NUMBER 1.0000 .0932 
MOVED ( 16) ( 16) 

P= . P= .366 

NUMBER .0932 1.0000 
COPIED ( 16) ( 70) 

P= .366 P= . 

(COEFFICIENT / (CASES) / i-TAILED SIG) 
II " IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED 

Figure 4.16: Pearson Correlation Coefficients for the Number of Text Nodes Moved 
and Number of Text Nodes Copied 

Presentation 
Method 

Embedded Adjunct 

75.62 
(53.11) 

50.25 
(22.24) 

Figure 4.17: Means for Number of Text Nodes Copied 

te}..i, than the adjunct presentation method group. In Figure 4.10 we see that there 

was no significant time difference for the task time of the adjunct verses embedded 

groups. Both groups used the same amount of time to perform the task. although the 

embedded group copied 50% more text nodes. The additional infonnation copied by 

the embedded presentation group may have had a significant impact on their higher 

level of performance on the exam, Figure 4.5. Without further examination on the 

content of the text nodes copied we can only speculate on the significance of tIns. 



INDEPENDENT 
VARIABLES 

PRESENTATION 

df MS F-RATIO 

1 11252.36 6.929 

p 

.010 

Table 4.8: ANOVA Statistics for Number of Text Nodes Copied 

4.3.2 Use of the Note Window 
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The third category of tool use variables is the time spent in the note window. We 

first looked at the differences in the mean, or average, time each of the. embedded 

presentation groups and adjunct presentation groups spent in the note window. TIle 

means are displayed in Figure 4.18. The ANOVA statistics are shown in Table 4.9. 

The statistics indicate that on the average the adjunct presentation method group 

spent significantly more time in the note window than the embedded presentation 

method group. 

Vve compare this with Figure 4.10 which displays the mean, or average, time spent 

in the main window. The time in the main window reflects the total time spent 

on the task and includes the time in the note window. Even though the adjunct 

presentation method group spent significantly more time in the note window there 

was no difference in the time, on the average, that both groups spent on the task. 

TIle adjunct group was made aware of the rehearsal and organizational leal11ing 

strategies. The organizational strategy could only be implemented by the subject by 



Presentation 
Method 

Embedded Adjunct 

1.88 
(1.32) 

3.00 
(2.48) 

Figure 4.18: Means for the Time in Note Wmdow 

INDEPENDENT 
VARIABLES 

PRESENTATION 

df MS F-RATIO 

1 21.842 5.430 

Table 4.9: ANOVA Statistics for Time in Note Window 

92 

P 

0.023 

going into the notewindow and rearranging their notes. This may have accounted for 

their increased amount of time spent in the notewindow. According to the scatter

graph in Figure 4.13 the adjunct group spent most of their time in the notewindow 

moving text nodes and deleting text, while the embedded group spent most of their 

time in the notewindow deleting text. This would account for the time differential 

in the note window of the embedded and adjunct groups. 
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4.4 Discussion of the Research 

'This research differed significantly from previous research on cognitive learning strate

gies in that we designed computer tools that can be used to implement the rehearsal 

and organizational cognitive learning strategies and then compared the adjunct and 

embedded presentation methods. 

4.4.1 Variations in the Data 

Several of the findings showed no significant difference between the means of the 

four treatments. 'This does not imply that the means were actually the same, or that 

these samples were drawn from the same population. The large standard deviation 

in the dependent measures for some of the tests may mean that there was too much 

"noise" to differentiate between means which were truly different. 

At this point it may be useful to identify possible solutions for dealing with the large 

variation within the treatments. 'This will allow future research to be conducted in 

a more controlled environment. Three possible solutions are: 1) conducting more 

t.rials in each treatment. TIus would create more confidence in the outcome. 2) TIle 

use of multi-operalization of dependent responses. 'This would offer stronger belief in 

the outcomes. 3) Blocking of the subjects may decrease variation within treatments. 

However blocking was not used because there were no dependable criteria to block 

on. The use of a student population that would allow for blocking of subjects could 

be used in future research. A discussion of possible blocking criteria and indications 

why they would not apply to the research presented here is given in section 3.7. 
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4.4.2 Discussion of the User Satisfaction Variables 

Overall the subject's satisfaction with the software was significantly higher for the 

adjunct groups, which supported HI. In fact, the groups receiving the adjWlct 

presentation method, both the with CES tools group and the without CFS tools 

group, in general, regarded the quality of the software as excellent, understandable 

and efficient. This indicates that the method used for presentation of the tools may 

have a significant influence on the user's satisfaction with the software. 

Several. sources indicate that satisfaction with the software leads to increased usage 

of the software[7][34]. The need for development of a substantial end-user education 

program in an organization has been noted [73]. And instructional treatment in the 

use of computer tools, affects the learner's perception of the role of the computer 

and of the value of the tools [85]. 

Hypothesis 2 was not supported by the findings.Overall the subject's perception of 

the quality of the software system used was better for the groups that did not use 

the CES tools.This result was unexpected. One reason for this result may have been 

difficulty in use of the teols Ease of use is a major component of user satisfaction [29] 

and has become increasingly important in software design [14]. There is increasing 

evidence that the effective functioning of an application depends on its ease of use 

or usability [41]. Upon analysis of written comments by the 38% of those in the 'with 

CES tools' group who commented, it appears that the mouse was difficult for thenl 

to use. This difficulty may have accounted for a major portion of the dissatisfaction 

with the software. The brief introduction of the tools and the operat~on of the tools 

may not have been enough to allow the subjects to feel comfortable with their use. 
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4.4.3 Discussion of the Performance Variables 

H3 was not supported by the data, in fact, the groups receiving the embedded treat

ment perlormed significantly better than subjects receiving the adjunct treatment. 

A possible reason for this, noted in section 4.2.1, is the amount of cognitive effort 

needed to learn the software used and, at the same time learn the cognitive strategies 

and then use both. 

H 4 was not supported, there was no significant difference between the CES tools 

group yerses the non CES tools group. An interesting point here is the embedded

with CES tools group performed best of all four groups and the adjunct-with CES 

tools group had the worse performance. This lends credence to our previous specu

lation concerning cognitive overload. [52][85]. 

In addition, in the work by Steinberg [85] she noted that the tool was most effective 

when the subject is given feedback about appropriate use. Feedback apparently helps 

learners understand the value of the tool. If feedback is not provided subjects do not 

necessarily take the time to figure it out. 

In terms of covariance analysis of the performance evaluation variable it was noted 

that the effects of familiarity with the task had a significant effect on perloITnance. 

TIns indicates that it is important to test for familiarity with the task and use tins 

as a covariate to get a clearer picture of performance. Also, the effects of familiarity 

with a computer mouse had a significant effect on perlormance for the with CES tools 

groups indicating that familiarity with the technology can also effect performance. 

In terms of perlormance time, H5 was not supported. There were no significant dif

ferences in the time to perlorm the exam between the adjunct and embedded groups. 
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An Wlexpected result, however, was that the with CES tools groups perlormed the 

exam in significantly less time than the without-CES tools group. This difference was 

significant. One explanation may be that since the CES tools allowed the subjects to 

re-arrange their notes (the use of organi.'!:ational strategy) these notes were organized 

in a manner that allowed the subject to search the notes in a more expedient fashion. 

Another explanation is that the 'electronic' notes were simply easier to read and the 

subjects could read the notes in a more expedient fashion. 

The results of the ANOVA for task time showed no effects for either presentation 

method or for technology fir task time. This is contrary to hypothesis H6 which 

states that the groups receiving the adjunct treatment will perform the task fast.er 

t.han groups receiving the embedded treatment. Previous research in tIns area used 

direct training for the learning strategies, in this research we used adjunct training. 

TIlese results indicate that the adjunct treatment may not be sufficient or more time 

is needed for the subjects to absorb the learning strategies. 

4.4.4 Discussion of the 'Thol Use Variables 

The last category of analysis is the text movement variables. Scattergraphs, Figure 

4.12 and Figure 4.13, show that the subjects use of the delete node or move node 

strategies were, for the most part, orthogonal. Seventy-two percent of the subjects 

who moved or deleted at least one node exclusively used either the delete node 

or move node strategy. Of those that used both strategies 78% had received the 

adjunct presentation method. This may indicate that the subjects who had received 

the adjunct presentation method were more aware of both of the strategies and were 

more likely to combine the two strategies. 
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An ANOVA, Figure 4.17, shows that the group which received the adjunct presenta

tion method copied 50% fewer text nodes into the note window. In addition it was 

shown that even though this group spent more time in the note window, Figure 4.18, 

they spent the same amount of time overall on the task. 
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CHAPTER 5 

CONCLUSIONS 

5.1 Introduction 

This researcll investigated the use of cognitively engineered software tools to stimu

late human learning. We designed and developed a tool based on cognitive learning 

strategies and tested the tool in a laboratory experiment. TIle researcll itself was 

somewhat exploratory in nature in that there was little directly related previous 

researcll. Chapter 4 presents the empirical evaluation and results of the researcll. 

TIlls cllapter summarizes the findings and contributions of the researrn, discusses 

the strengths and limitations, and presents ideas for future researrn. 

TIlls study explored the impact of presentation or training methods and use of eES 

tools and brought more control to the experimental study of these factors through 

the use of a laboratory study. Our primary findings were concerned with satisfaction 

of use, performance, exam and task times and tool usage. 

First, a summarization of the hypothesis and results: 

HI: Subjects in the ADJUNCT condition will perceive the quality of 

the system used to be better than subjects in the El\.1BEDDED condition. 
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Hypothesis 1, satisfaction of use, was generally supported. Satisfaction of use is an 

important factor in the overall usage of computer tools. Our findings show that 

the subject's satisfaction with the software was significantly higher for the groups 

receiving the adjunct training. This indicates that the training method used used for 

presentation of the tools may have a significant influence on the user's satisfaction 

with the software and the usage of the software [7][34] is an important variable to 

consider in user-training. 

H2: Subjects using the CES tools will perceive the quality of the system 

used to be better than subjects not using the tools. 

Hypothesis 2 was not supported. Overall the subject's perception of the quality of 

the software system used was better for the groups that did not use the CES tools. 

Ease of use is a major component of user satisfaction [29] and has become increasingly 

important in software design [14][41]. Written comments by the subjects indicated 

that 38% of those in the 'with CES tools' group commented that the mouse was 

difficult for them to use. It is felt that this difficulty may have accounted for a major 

portion of the dissatisfaction with the software. 

H3: Subjects in the ADJUNCI' condition will perform better than sub

jects in the EMBEDDED condition. 

H3 was not supported by the data. In fact, the groups receiving the embedded 

treatment performed better than subjects receiving the adjunct treatment. This 

may have been due to a cognitive overload [52][85] in trying to learn how to use the 

software and at the same time learn the cognitive strategies. 
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H4: Subjects using the CES tools will perform better than subjects not 

using the tools. 

H4 was not supported, there was no significant difference between the CPS tools 

group verses the non CPS tools group. An interesting point here is the embedded

with CES tools group performed best of all four groups and the adjunct-with CES 

tools group had the worse perfonnance. This would indicate an interaction but the 

interactive statistics were not significant. This finding lends support to the cognitive 

overload proposition above in the findings for the adjunct-with CES tools group. 

In terms of covariance analysis of the perfonnance evaluation variable familiarity 

with the task and familiarity with a computer mouse both had significant effects on 

perfonnance 

H5: Subjects in the ADJUNCT condition will perform the exam in less 

time than subjects in the ElVlBEDDED condition. 

In terms of perfonnance time, H5 was not supported. There were no significant differ

ences in the time to perform the post-task exam between the adjunct and embedded 

groups. But, an unexpected result was that the with CES tools groups performed 

the post-task exam in significantly less time than the without-CES tools group. 

H6: Subjects in the ADJUNCT condition will perform the task in less 

time than subjects in the El\1BEDDED condition. 

H6 was not supported. The results of the ANOVA for task time showed no effects 
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for presentation method for task time. Previous research in this area used direct 

training for the learning strategies and this research used adjllllct training. The 

results indicate that the adj\ll1ct treatment may not be sufficient or that more time 

is needed for the :J:lbjects to absorb the learning strategies. 

The third group of dependent variables, the use of the CES tools could only be 

measured for the 'with CES tools' group, the measures taken were the amollllt of 

time spent in the note window, the number of text nodes moved into the note window, 

deleted from the note window and re-arranged or moved within the note window. 

The subjects who had received the adj\ll1ct presentation method were more aware 

of both of the strategies, were more likely to combine the two strategies and spent 

more time in the note window. The subjects' use of the delete node or move node 

strategies were, for the most part, orthogonal. Overall analysis indicates that adjllllct 

groups favored move strategies and embedded groups favored delete strategies. In 

addition, 78% of the subjects who did use both strategies had received the adj\ll1ct 

presentation method. Also, the group who received the adj\ll1ct presentation method 

copied 50% fewer text nodes into the note window. This group also spent more time 

in the note window, but spent the same amotmt of time overall on the task. 

5.2 Importance of the Research 

Hypothesis 1 focused on the relationship between end user training and user satisfac

tion with the software used. This is an area of active research in end-user computing 

[21][62][63][78]. The need for development of a substantial end-user education pro

gram in an organization has been noted [73]. In particular, Steinberg [85] indicated 

that instructional treatment, in the- use of computer tools, affected the learner's 
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perception of the role of the computer and of the value of the tools. 

VVhat we found is that the groups who received the adjunct training were significantjy 

more satisfied with the software system and perceived the quality of the software 

tools to be nruch better than the group not using the tools. This indicates that 

training users in the teclmiques of using computer tools may not be enough. That, 

in addition, the user needs to mow how the use of the tools correspond to the task 

to be performed and the cognitive operations needed to perform the task. 

Our finc:lings also indicate that the users did use the learning strategies presented to 

them. In an analysis of the use of the tools we found that users who had been given 

the adjunct presentation method were more likely to delete text in the notewindow 

as well as rearrange the text they had moved into the notewindow. The users who 

had received the embedded presentation method, however, had a strong tendency 

to only delete text they had moved into the notewindow. This may indicate that 

the users that were made aware of the strategies and how these strategies could 

be implemented with the software tools provided were much more likely to use the 

strategies and use the tools. Although given the small number of users in each of 

these groups, fifteen and seventeen, these differences are not statistically significant 

and are exploratory in nature. 

In addition, the users with the computer tools were more likely to finish the exam in 

less time than the users without the computer tools, even though the tools were not 

used during the exam. A number of studies have investigated the effect of introducing 

computer tools that permit users to use their time more effectively [24]. Souviney 

[83] noted that various word processor paclages served as powerful tools by allowing 

users to focus on the process involved rather than product being produced. These 

previous findings may have some bearing on the results stated above. By allowing 
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the users with the tools to focus on the process involved rather than: the product 

(the notes taken), they made more effective use of their time on the exam. 

5.3 Strengths and Weaknesses of the Experiment 

This research differed signilJ.cantly from previous research in the area of learning 

strategy tedmiques and electronic tool use. There has been rrruch research in the 

area of learning strategy theory and in the area of human computer interaction. But 

there has been little previous research which has combined the use of these strategies 

with training on tool use. 

Laboratory experiments in general pennit the researcher to manipulate independent 

variables more exactly, and to know the resulting effect is due to changes in these 

variables rather than to general environmental differences. All laboratory experi

ments share a common lack of external validity. For a tightly controlled experimental 

environment, this is especially true. 

TIle types of information systems (IS) this research focuses on are IS that" con

tain multi-issue, complex, semi-structured information, and information that may 

be qualitative, or textual, in nature. Examples of IS that may contain infonn.ar 

tion such as this are on-line document retrieval systems or Executive Information 

Systems. This type of on-line information may also exist in output generated from 

Group Decision Support Systems. 

TIle task used for this research was a situational analysis task taken from Graduate 

Management Admissions Test (GMAT) practice exam book [8]. The task involved 
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reading one long passage and then answering questions about statements in the pas

sage. The passage discussed a business decision to be made by a company. (Appendix 

A.l shows the passages, the questions and the correct answers to the questions for 

these passages.) 

The objectives of the task we chose are to: I} test the ability to analyze business 

situations, and 2} test the subjects ability to draw conclusions from the information 

presented. The characteristics of the task are that of having: I} semi-structured or 

unstructured information, 2} multi-issue environments, and 3} information that is 

qualitative, or textual, in nature. 

The subjects were undergraduate students who were enrolled in an introductory 

computer literacy class at a western state university. Subjects received credit towards 

their course grade for participation equal to 0.018% of their total grade. The subjects 

were randomly assigned to one of the four treatments. 

Demographic information on the subjects was collected in the post-experimental 

questionnaire (see Appendix A.7 for the questionnaire and Appendix B.3 for the 

demographic infonnation). The students ranged in age from 17 to 50, with an average 

age of 20.85. The number of computer classes taken by each individual varied from 0 

to 4 with an average of 1.046, the number of computer classes included the number of 

classes taken previous to attending the university. Forty-nine percent of the subjects 

were male. 

The results of the statistical analysis indicated several ways to improve future re

search. One of the major indications from the analysis is the need for a study over 

time in improvement of performance using multiple measures of performance. It was 
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felt by the researchers that one of the reasons the subjects given the adjunct presen

tation method and using the CFS tools showOO the worst performance of the four 

treatment groups was cognitive overload. A study overtime, a case study, of the use 

of the tools would help overcome this problem and give us a clearer insight of the 

true impact of the CES tools. 

Many of the comments from the subjects concerning the use of the software indicated 

that using the mouse was difficult to use. In addition, familiarity with the use of a 

computer mouse was sho'WIl to have a significance difference on performance. This 

could be remedied by either changing the method used to highlight text to utilize 

cursors instead of the mouse or to allow the subjects enough use with the mouse 

prior to the experiment to overcome their unfamiliarity with its use .. 

5.4 Future Research 

TI1e research findings imply several avenues for future research. The finding of in

creased satisfaction with the software of the adjunct groups is an important issue to 

be explored. The factors of tIns increased satisfaction need to be explored. Was the 

increased satisfaction due to a stronger understanding of the purpose and function 

of the software in the adjunct groups? Or were there other factors such as previous 

lmowledge or training with a computer that influenced this finding? 

Comments from students and an overall analysis of the hypothesis seem to indicate 

a need for a study over time of the use of the tools. It was felt by the researchers 

that the subjects had a difficult time understanding the learning strategies due to a 

brief training period, and that they had a difficult time using the mouse. A longer 

study would help alleviate these factors. 
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In further analysis of some of the students students comments, both· on the ques

tionnaire and comments made before and after the experiment, it was felt that there 

was not a large incentive on the students part to actively partake in the experiment, 

but rather just go through the motions to get the extra credit points. A study that 

was integrated with a class they were taking and that made perlormance a part of 

their overall grade would increase incentive. It was also felt that the task itself was 

not intrinsically motivating to the students, they felt that the problem domain of the 

task had very little to do with classes they were taking. This may have been due, 

in part, to the fact that almost all of the subjects were freshman and were taking 

mostly introductory courses and had not taken any or very few business courses. 

We were not able to block the students on GPA in the study. This was due to the 

fact that since most of the students were freshman there would be a very high degree 

of variance in the GPA scores. Using older students, such as juniors or seniors would 

give us a more reliable GPA with which to block. 

All in all, the results showed some interesting findings but show a need for further 

research. The future research should be in the form of a study over time on the use 

of the tools with stronger controls for prior familiarity with the teclmology and the 

task. The study should also attempt to block the students on GPA if possible. 
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APPENDIX A 

Experimental Materials 

A.l Passage and Questions for Pilot 'lest from SAT Exam 

In the long run a government will always enroach upon freedom to the extent to 
which it has the power to do so; this is almost a natural low of politics, since, 
whatever the intentions of the men who exercise political power, the sheer momentum 
of government leads to a constant pressure upon the liberties of the citizen. But in 
man)' countries society has responded by throwing ul? its own defenses in the shape of 
socicil classes or organized corporations which, enJoymg economic power and popular 
support, have been able to set limits to the scope of action of the executive. Such, 
for example in England was the origin of all our liberties - won from government 
by the stand first ot the feudal nobility, then of churches and political parties, and 
latterly of trade unions, commercial organizations and the societies fro promotion 
various causes. Even in Euro})ean lands which were arbitrarily ruled, the ROwers 
of the monardlY, thoug}} absolute in theory, were in their exercise eheckoo in a 
similar fashion. Indeed the fascist dictatorships of today are the first truly tyrannical 
governments which western Europe has mown for centuries and they have been 
rendered possible only because on coming to p<?wer they destroyed all fonns of social 
organizatlOn which were in any way rivals to the state. 

1. The main idea of tIns paragraph is best expressed by which of the following? 

(a) Limited powers of monarchies 
(b) The ideal of liberal government 
( c) Functions of trade unions 
(d) Ruthless ways of dictators 
(e) Safeguards of individual liberty 

2. The writer maintains that there is a natural tendency for government to: 

(a) become more democratic 
(b) become fascist 
(c) suppress trade unions and social societies 
(d) increase individual liberties 
(e) assume more power 



3. According to the passage, monarchy was first checked in England by the 

(a) trade tullons 
(b) church 
(c) people 
(d) nobles 
( e) political parties 
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Geometry is a very old science. We are told by Herodotus, a Greek historian, that 
geometry had its orig41 in ~t along the banks of the river Nile. The first record 
we have of its study is found m a manuscript written by Ahmes, an ~tian scholar 
about 1550 B. C. this manuscript is believed to be a copy of a treatIse which dat;J 
back :probably more than a thousand years, and describeS the use of geometry at that 
time m a very crude form of surveymg or measurement. In fact, geometry, which 
means "earth measurement," received its name in this manner. This re-measuring of 
the land was necessary due to the annual overflow of the river Nile and the consequent 
destroying of the boundaries of farm lands. This early geometry _was very largely a 
list of rules or formulas for finding the areas of plane figures. Many of these niles 
were inaccurate, but, in the main, they were fairly satisfactory. 

1. The title that best e}.-presses the ideas of this passage is 

(a) Floods of the River Nile 
(b) Beginnings of Geometry 
(c) Manuscript of Ahmes 
(d) Surveying in Egypt 
(e) Importance of the Study of Geometry 

2. According to the passage, in developing geometry the early Egyptians were 
primarily concerned with 

(a) discovering why formulas used in measuring were true 
(b) determining property boundaries 
(c) measuring the overflow of the Nile 
(d) generalizing formulas 
(e) constructing a logical system of geometry 

3. It can be inferred that one of the most important factors in the development 
of geometry as a science was 

(a) Ahmes treatise 
(b) the inaccuracy of the early rules and formulas 
(c) the annual flooding of the Nile Valley 



(d) the destruction of farm crops by the Nile 
(e) an ancient manuscript copied by Alunes 
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The change in the treatment of his characters is a significant index to Shakespeare's 
growth as a dramatist. In the earlier plays, his men and women are more engaged 
with external forces than with internal stru12Jrles. In as excellent an early tragooy 
as Romeo and Juliet, the hero fights more WITh. outside obstacles than with hiniself. 
In the great later tragedies the mternal conflict is more emRhasized, as in the cases 
of Hamlet and Macbeth. H'e grew to care less for mere inciaent, for plots based on 
mistaken identity, as in the Comedy of Errors; he became more and more interested 
in the delineation of character, in showing the effect of evil on Macbeth and his wife 
of jealousy on Othello, of indecision on HarnIet~ as well as in exploring the ineffect~ 
attempts of many of his characters to escape tne consequences of their acts. 

1. Which of the following titles best expresses the main idea of this passage 

(a) Comedies and "fragedies of Shakespeare 
(b) Shakespeare's Best Plays 
(c) Shakespeare's Development as a Dramatist 
(d) The Moral Aspects of Shakespeare's Later Plays 
(e) Shakespeare's Interest in Good and Evil 

2. In the passage the author indicates that in his later plays Shakespeare becomes 
interested in ... 

(a) plots based on mistaken identity 
(b) great characters from history 
( c) the history of his country 

(d) the study of human nature 
(e) the struggle of the hero with external forces 

~. 

3. According to the author, the development of Shakespeare as a dramatist is 
most clearly revealed in his 

(a) improved treatment of complications 
(b) increased use of involved plots 
(c) handling of emotional conflicts 
(d) in~eased variety of plots 
(e) decreased dependency on historical characters 
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Solitude is a great chastener when once you accept it. It ~uietly eliminates all sorts 
of traits that were a part of you - among others, the desrre to pose, to keep your 
best foot forever in evidence, to impress people as being something you would like 
to have them think you are even when you aren't. Some men I Imoware able to 
pqse even in solitude; had they valets they no doubt would be heroes to them. But 
I find it the hardest kind of work myself, and as I am lazy I have stopped. trying. 
To act without an audience is so tiresome and profitless tliat you gradUally give It 
up and at last forget how to act at all. For you become more interested. in niaking 
the acquaintance of yourself as you really are, which is a meeting that in the haunts 
of men~ rarely takes place. It is grat!fying, for example, to discover tb;t you prefer 
to be Clean rather than dirty even when tl1ere is no one but God to care which you 
are; just as it is amusing to note, however, that for scrupulous cleanliness you are 
not inclined to make superhuman sacrifices, although you used. to believe you were. 
Clothes, you learn, with something of a shock, have tor you no interest whatsoever .... 
You learn to regard dress merely as covering, a precaution. For its color and its cut 
you care nothing. 

1. The title that best expresses the ideas of this paragraph is 

(a) Carelessness in Clothes 
(b) Acting Without an Audience 
(c) Discoveries through Solitude 
(d) Showing Off to Best Advantage 
(e) Being a Hero to Yourself 

2. According to the author, a desire to appear at your best is a trait that 

(a) goes with laziness . 

(b) may disappear when you are alone 
( c) depends primarily on clothes 
(d) is inhuman 
(e) is evil 

3. According to the passage, in solitude, clothes 

(a) constitute one item that pleases the valet 
(b) make one careless 
(c) are part of acting 
(d) are valued for their utility alone 
(e) are tiresome 

4. In describing his self-discoveries, the author's tone can best be described as 

(a) boastful 

(?) petulant 



(c) detache:l 
(d) rneny 
(e) abashed 
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5. The author points out that the activities of everyday life seldom give us the 
chance to 

(a) learn our own peculiarities 
(b) keep our best foot forward 
(c) impress people 
(d) dress as we would like 
(e) be immaculately clean 
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A.2 Passage and Questions for Pilot 'lest of Thsk from GMAT 

Brooks and company was a food manufacturer established in 1850. Until 1977, its 
major product lines had consisted of tomato specialties, such as catsu.E, pickles, 
and barbecue sauces. Its consumer products business accounted for 40% of sales: 
the balance consisted of institutional sales to restaurants, hospitals and the armed 
forces. The company had advertised to the institutional marKet but never to final 
(household) consumers. 

In 1277 ~ the company introduced a new line of Italian specialty products aimed at 
the tIDal consumer market. The line was com~ed of a number of prepared pasta 
dishes, such as sTJaclletti, lasagne, and ravioli. Each package containEil all of the 
necessary ingredlenTs (except meat) including seasoned tomato sauce, cheese, and 
noodles. 

The idea for the line of Italian ~asta products had been conceived by Joe Brooks, son 
of the company president. Joe s enthusiasm for the product idea was quickly pj~ed 
!lJ2 by other executives. The president had married an Italian woman after World 
War I and their only child Joe, had been born in Naples. Because they lacked 
a Neopolitan background, William Johnson, product ~er, and Carl Voight, 
treasurer, approved of the idea on less emotional grounds. Johiison saw in the Italian 
line certain producti9n possibilities that fitted in well with the company's existing 
facilities. Mi Voigtlt had long argt!.ed for some type of expansion which would enable 
the company to solve a number of financial problems associated with its inability to 
attract outside capital. 

Many planning meetings were held throughout the sununer. These meetings were 
attended by both Brookses, Johnson, and Voight. Charles Welch, an administrative 
assistant to the president, was instructed to SIt in on the sessions after he returned 
fonn vacation on August 1. He acted as infonnal secretary for the group. The 
original thinking of tlie conunittee was that the product line should he introduced 
at the beginni..."1g of the fall food merchandising seaso!i., which started about October 
1. TIns deadline, however1. subsequently proved to be unrealistic. Production of 
the first items in the line aid not get underway until September 30 and packaging 
difficulties prohibited introducing the product before mid-December. 

In July the problems involved in the product introduction were not foremost in the 
~lanner's thoughts. Many hours were spent discussing the name of the product line. 
Finally, the name Velsuvio was adoptoo as a compromise, but without enthusiasm 
from Joe Brooks who believed that a name such as Valencia better described the 
gounnet image that he thought the line should eJgJress. With the exception of the 
name, the younger Brooks dlrected most of the decisions related to the marketing 
pro~am. From the beginning, he argued that there were already plenty of "middle 
Class" spaghetti products on the ~ocer's shelves. What was needed, he believed, 
was a prestige - even a "gounnet - line. The popularity of higher-priced Italian 
restaurants in many cities convinced young Brooks of the opportunity to market a 
prestige line of Italian food specialties. 

Early in the planning it was decided not to limit distribution to those regional markets 
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in which Brooks had previously established its reputation. National distribution 
would be undertaken fonn the beginning. It was planned that the Velsuvio line would 
be marketed in all major food chciins except those handling only private or controlled 
brands. Sales to chain headquarters would be made by food brokers handling gounnet 
products rather than by brokers used to the handling of high-volume canned goods. 

For the first time in its experience\.Brooks planned to undertake an extensive con
sumer advertisiJ:?g program. A smau Los Arigeles advertising agency with slight ex
perj.ence in handling food products was appomted. However, by the time the ~ency 
had been selected and oriented to the marketing programl the time remaining Defore 
the scheduled introduction did not allow for the preparatlOn for magazine advertise
ments or filmed television commercials. In order to break i.TJ.to the consumer market 
at the time of the scheduled product introduction on October 1, a consumer advertis
ing pro~am using newspapers, live television commercials, and radio was prepared. 
EXcept for the product introduction period, however, relatively little thouglit was 
given during the summer planning sessions to the total amount of money required 
to support tl1e new product with consumer advertising. 

A number of circumstances combined to prevent the introduction of the ~roduct 
in October as originally planned. No one had assumed ~rsonal responsihIlity for 
pacJmge desi~, and production was held up three weeks while the company waited 
for supplies of pa.cImcing materials. Brooks was forced to move very rapidly to 
obtain a p~e, ana he was the first to admit that the result was neither very 
well designed functionally nor attractive from a promotional point of view. Time 
was short, however, and these was no choice but to use tIus p~e or abandon 
the p,r?ject for the present season and possibly altogether, depending on competitive 
conditIOns. 

A hastily put together advertising campaign was introduced in November. However, 
advertismg costs had been greatly underestimated, so that the intensity of the cam
paign was much lower thari Brooks had anticipated, even with the limited budget. 
As a result, most of the budget was allocated to newspapers and radio. Moreover, 
problems with the scripting of the TV commercials delayed broadcasting until the 
beginning of DecpnIDer. Newspapers advertisements and radio commercials did com
mence, however, ad planned. 

The new product was finally launched in mid-December. However, by February, two 
major competitors began marketing similar products. Shortly thereafter, a market 
research survey was sponsored by Brooks to determine whether the Velsuvio name 
made a favorable impression on house\vives. The results of the survey were negative. 
Only twenty-two percent of the housewives interviewed could recall the Velsuvio 
name and of those, only twelve percent had tried the products. Consumer evaluation 
of the product line was far from encouragiJ!g. Of tliose who had tried the product 
for the first time, only four percent stated tllat they would buy it again. 

Another indication that worried Brook's ~ement was that few major food chains 
showed interest in the line. By mid-year, Brook's product sales were so poor that 
~ement established a special committee to determine without delay what im
mediate steps might be taken to reverse the poor record of Velsuvio. 
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DIRECTIONS: The questions that follow relate to the preceding passage. Evaluate, 
in terms of the passage, each of the items given. Then select your answer from one of 
the following classifications, and blacken the corresponding space on the answer sheet. 

(A) A MAJOR OBJECTIVE in making the decision: one of the goals sought by 
the decision maker. 

(B) A MAJOR FAGrOR in making the decision: an aspect of the problem, 
specifically mentioned in the passage, that fundamentally affects and/or determines 
the decision. 

(C) A MINOR FACI'OR in malcing the decision: a less important element bear
ing on or affecting a Major Factor, rather than a Major Objective directly. 

(D) A MAJOR ASSUl\1PTION in making the decision: a projection or sUJ?po
sition arrived at by the decision maker before considering the factors and alternatIves. 

(E) AN UNII\1PORTANT ISSUE in making the decision: an item lacking sig
nifIcant impact on, or relationship to, the decision. 

1. Possibility of using existing production facilities. 

2. Likelihood of achieving wide consumer acceptance of the Velsuvio line. 

3. Company growth and expansion. 

4. Age of Brooks and Company. 

5. The popularity of high-speed Italian restaurants in the U.S. 

6. Depth of Brook's expertise in the sale of consumer products. 

7. Market survey results. 

8. Size of the advertising agency hired to promote the Velsuvio line. 

9. National distribution of the Velsuvio line. 

10. Brook's inability to attract outside capital. 

11. Appointment of Welch as informal secretary. 

12. Difficulties with new package design. 

13. Need for a "gourmet" Italian food line. 



14. Market entry of competitors. 

15. Obtaining packaging materials. 

16. Introducing the new product on October 1. 

17. Interest of major food chains in Velsuvio. 

lB. Scripting of TV commercials. 

A B c D 

1. ___ _ 

2. ___ _ 

3. ___ _ 

4. ___ _ 

5. ___ _ 

6. ___ _ 

7. ___ _ 

B. ___ _ 

9. ___ _ 

10. ___ _ 

II. ___ _ 

12. ___ _ 

13. ___ _ 

14. ___ _ 

15. ___ _ 

16. ___ _ 

17. ___ _ 

lB. ___ _ 
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A.3 Passage Used in the Experiment 

The success of the Abco Corporation in the investment-conscious country of Flieland 
was recently the subject of a government inquiry. Flieland is a developing country 
about the size of New York State 'with a population of ten million people. It has a 
small but growing industrial base, and several nmltinational business concerns have 
established manufacturing plants in various parts of the country. 

Goverrunent policy in Flieland has traditionally favored foreign investment. Lead
ers of all political parties have bef;1 virtually unanimous in their belief that foreign 
investment in Fliefand would contribute to speeding that country's economic deve1,
opment, a major priority of both the ruling coalitIOn and opposition parties. Of 
special mterest to the goverrunent were those industries that exported a significant 
share of their total output. Since Flieland has a relatively small population, there 
was a limit to the amount of goods that could be produced for the local market. Also" 
the goverrunent did not want to encourage foreign investors to com~te with the local 
industry, even though new industries might alleviate the already high unemployment 
rate. 

A final reason for encouragj.ng export-intensive industries was to earn badly needed 
foreign exchange. Flielana had a chronic deficit in its balance of trade; that is, 
its imports were regularly greater than its exports. This meant that it had to use 
scarce foreign exchange to pay for the growing deficit. Therefore, FHeland welcomed 
potential investors tliat would promise to e:qx>rt a significant share of their total 
output. So when executives of Abco CorporatIOn proposed to establish a shoe man
ufacturing plant which would be export-intensive, it received ready approval from 
the government. 

Government support for the ent~rise was given not only because of the promise to 
eA-port, but also because of the high unemployment rate in the country. However, 
approval was given despite the fact that there was at the time surplus shoe production 
in Frieland, most factories having large excess capacities and underworked labor 
forces. It was known that Abco ha£l promised the goverrunent, amoung other things, 
to (1) employ hundreds of workers, (2) reduce the price of shoes by some 30 percent, 
and (3) export more than half its output. 

In return for these promises, Abco received the following concessions from the gov
errunent: 

1. Land was given the company on a lease basis for a period of 99 years, rent-free. 

2. A goverrunent-owned contracting finn built the factory at low subsidized prices. 

3. The com~y received loans at very low interest rates for an extended period 
of time. These loans could be renewed at company request at lower that the 
prevailing market interest rate. 

4. The goverrunent trained workers at the plant at no expense to the company. 
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Production conunenced one year after the first equipment arrived at the new plant. 
It took another half year to properly train the new work force to operate the sophis
ticated equipment which was introduced. Mter the "running in" IJe!lod, production 
continued smoothly for about a year until a labor di~ute occurred. It appeared that 
management wanted to dismiss about 10 percent. of the work force owing to what a 
company spokesman called "a temporary slack in demand" for Abco's proQucts. The 
labor union representing the compan:r.'s work force refused to accept any reduction 
in the work force and threatened a strike if workers were tenninated. Mter some dis
cussion, union representatives agreed that the comRaIlY might be justified in laying 
off some workers, but nowhere near the 10 percent figure tliat ~ement deslred. 
At any rate, the union claimed that the company nrust first submit ltS request to a 
joint union-managemnt grievance conunittee whiCh was authorized under tIie current 
labor agreement to deaf with such di~utes. Management acquiesced to the union 
demand. Mter several days of bargaining, an agreement was worked out whereby 
Abco would be allowed to terminate most part-time workws, amounting to only one 
percent of the total work force. Although the agreement brought about a temporary 
solution to the current problem, labor-~ement relations at Abco continued to 
be strained, as management was convinced that more workers were redundant than 
the union cared to admit. 

Mter another six months, it became apparent that what ~ement had termed 
"a temporary slack in demand" was in reality a failure of the company to sell the 
quantity of shoes that had been forecast before production began. Actual sales 
never reached the target quantity! an~ as a result, the company lost $1 million in 
each of its first two years of operatlOn. ·!ne American representatlves on the board of 
directors - who constituted a majority - voted to terminate the company's operations 
in FHeland. Shortly after the vote, oankruptcy hearings began. 

Because Abco was located in an underdeveloped area of the country the government 
was worried about the political ramifications if production ceas~. The company 
employed 500 workers, and quite a few shopkeepers were dependent upon their Rar 
tronage. When government representatives asked Abco management what could be 
done to keep' the company operating, they received the following answer. Manage
ment was wIlling to continue production if the government granted the company an 
additional five-million dollar loan on favorable terms. If the government could not 
grant such a loan, then another alternative was to purchase the company from Abco 
at a "reasonable" price. 

The government was in a dilenuna. On the one hand it was concerned about the 
politiCal consequences if Abco should continue the b~ptcy proceedings. On the 
other hand, if it granted the lo~,l.. it might be setting a preCedent for any other 
company that was in financial aimculties. Moreover, there was a certain risk in 
lending the money to a company in bad sluipe. The government appointed a special 
COmmlttee to investigate the firiancial condition of Abco and deciae the issue. 

One month later, the conunittee submitted its report. The major finding was that 
Abco had not kept any of its original promises to the government. For one thing, 
Abco's shoe prices were no lower than those of any of its com~titors. As for exp<lrts, 
not only had the company failed to reach its proffilsed goal of 50 percent, but as of the 
bankruptcy hearings, its exports for a five-year periOQ only amounted to 5 percent 
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of total output. In light of these developments, the government felt that it had to 
make a quick decision in the Abco affair m such a way as to avoid criticism from the 
opposition. 
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A.4 List of Questions for Passage for Experiment 

TIl\1E STARr: TIME FINISH: STATION #: 

DIRECTIONS: Questions 1 - 18 that follow relate to the passage you just reviewed 
on the computer. Evaluate, in terms of the passage, each of the questions given. 
Then select your answer from one of the following classifications(A,B,C,D or E), 
and write the answer in the space to the left of the question. You may refer to the 
notes you took. 

(A) A MAJOR OBJECTIVE in making the decision: one of the goals sought by 
the decision maker. 

(B) A MAJOR FACTOR in making the decision: an aspect of the problem, 
specifically mentioned in the passage, that fundamentally affects and/or determines 
the decision. 

(C) A l\1INOR FACTOR in making the decision: a less important element bear
ing on or affecting a Major Factor, rather than a Major Objective directly. 

(D) A MAJOR ASSUlVIPTION in making the decision: a projection or suppo
sition arrived at by the decision maker before considering the factors and alternatIves. 

(E) AN UNIJ.\.1PORTANT ISSUE in making the decision: an item lacking sig
nificant impact on, or relationship to, the decision. 

1. Ability of Abco to survive if the five-million-dollar loan was granted. 

2. High unemployment in FHeland. 

3. Dependence of shopkeepers on the existence of Abco. 

4. Government investment incentives granted to Abco. 

5. Status of FHeland as a developing country. 

6. Continued operation of Abco. 

7. Thaining of workers at no expense to Abco. 

8. Strained worker-management relations at Abco. 
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9. Export potential of Abeo. 

10. Political philosophy of the opposition party. 

11. Need for a quick decision by the govermnent as to whether to grant the loan 
requested by Abeo. 

12. Availability of govenunent funds needed to support Abeo. 

13. Prevention of layoffs of workers at Abeo. 

14. Political consequences of an Abco bankruptcy. 

15. Frieland's small population. 

16. Increasing foreign exchange reserves. 

17. Surplus shoe production. 

18. Reduction of shoe prices. 
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A.5 List of Items to Identify in the Passage 

(A) A .J.\1A.TOR OBJECTIVE in making the decision: one of the goals sought by 
the decISIon maker. 

(B) A MAJOR FACTOR in making the decision: an ~ect of the problem, 
specifi~y mentioned in the passage, that fundamentally affects and/or detennines 
the decISIon. 

(C) A MlNOR FACTOR in making the decision: a less important element bear
ing on or affecting a Major Factor, rather than a Major Objective directly. 

(D) A MAJOR ASSlJl\.1PTION in making the decision: a projection or suppo
sition arrived at by the decision maker before considering the factors and alternatives. 

(E) AN UNIMPORTANT ISSUE in making the decision: an item lacking sig
nificant impact on, or relationship to, the decision. 



A.6 Checklists for Experiments 

ADJUNCT WITH TOOLS 
===================== 

1. MY NAME 

2. INTRODUCTION TO THE CMI ROOM 

3. EXPLANATION OF THIS SESSION 
(parts of) 
Tools 

Part I 
Task 
LST 
Part II 
Test 
Post test 
Discussion 

4. TOOLS 
Computer screen should be RED!! 
Use of the computer tools 
Reading text on screen 
Pgup Pgdn 
Arrow keys 9 and 3 on keypad 
Main Menu - SHOW SYSTEM ON BARCO 

HIGHLIGHTING 
MOVING TEXT 

Note Window 
DELETING TEXT 
MOVING TEXT 

5A. PRACTICE 
Move particular line numbers 
and them delete them in the notewindow 

5B. LST 
Rehearsal 
Organization 

6. INTRODUCTION 
Take notes - use LST 
Decision making problem - PUT ON BARCO 
Session 

7. PERFORMANCE EVALUATION 
(20 min) record times and station # 
Collect with Notes, record station # on Notes 
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8. POST TEST QUESTIONNAIRE 
(10 min) write down station # 
Collect and record station number 

9. PRESENTATION 
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Software - impact of on students. on-line documentation systems 
LST 

10. FINISH 
*** DO NOT DISCUSS WITH ANYONE *** 
Thankyou for your time. 



ADJUNCT WITHOUT TOOLS 
------------------------------------------
1. MY NAME 

2. INTRODUCTION TO THE CMI ROOM 

3. EXPLANATION OF THE SESSION 
(parts of) 
Tools 
Part I 
Task 
LST 
Part II 
Test 
Post test 
Discussion 

4. TOOLS 
Computer screen should be RED!! 
Use of the computer tools 
Reading text on screen 
Pgup Pgdn 
Arrow keys 9 and 3 on keypad 

SA. PRACTICE 

5B. LST 
Rehearsal 
Organization 

6. INTRODUCTION 
Handout paper and pens 

Take notes - use LST 
Decision making problem 

put display on Barco 

7. PERFGRMANCE EVALUATION 
(20 min) Record times and station # 
Collect with Notes, Record station # on Notes 

8. POST TEST QUESTIONNAIRE 
(10 min) Record station # 
Collect 

9. PRESENTATION 
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Software - impact of on students, on-line documentation systems 
LST 



10. FINISH 
*** DO NOT DISCUSS WITH ANYONE *** 
Thankyou for your time. 

... .,.. 
" 
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EMBEDDED WITH TOOLS 
===================== 

1. My Name 

2. Intro to CMI Room 

3. Explanation of this session 
(parts of) 
Tools 
Part I 
Task 
Part II 
Test 
Post test 
Discussion 

4. Tools 
Computer screen should be RED!! 
Use of the computer tools 
Reading text on screen 
Pgup Pgdn 
Arrow keys 9 and 3 on keypad 
Main Menu - SHOW SYSTEM ON BARCO 

HIGHLIGHTING 
MOVING TEXT 

Note Window 
DELETING TEXT 
MOVING TEXT 

5. Practice 
Move particular line numbers 
and them delete them in the notewindow 

6. Intro 
Take notes 
Decision making problem -

PUT DISPLAY ON BARCO 
Session 

7. Perf eval (20 min) write down times and station # 
Collect, write down station # 

8. Post test ques (10 min) write down station # 
Collect 

9. Presentation 
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Software - impact of on students, on-line documentation systems 
LST 



10. FINISH 
*** DO NOT DISCUSS WITH ANYONE *** 
Thankyou for your time. 
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EMBEDDED WITHOUT TOOLS 
===================== 

1. MY NAME 

2. INTRO TO CMI ROOM 

3. EXPLANATION OF THIS SESSION 
(parts of) 
Tools. 
Part I 
Task 
Part II 
Test 
Post test 
Discussion 

4. TOOLS 
Use of the computer tools 
Reading text on screen 
Pgup Pgdn 
Arrow keys 9 and 3 on keypad 

5. PRACTICE 

6. INTRO 
Hand out paper and pens 
Take notes 
Decision making problem 

PUT DISPLAY ON THE BARCO 

7. PERFORMANCE EVALUATION 
(20 min) write down times and station # 
Collect with Notes, record station # on Notes and on exam 

8. POST TEST QUESTIONNAIRE 
(10 min) write down station # 
Collect, record station number 

9. PRESENTATION 
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Software - impact of on students, on-line documentation systems 
LST 

10 FINISH 
*** DO NOT DISCUSS WITH ANYONE *** 
Thankyou for your time. 
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A.7 Post-Test Questionnaire 

STATION #: _______ _ 

DIRECTIONS: This questionnaire is composed of 11 statements. Please 
indicate in the space provided the degree to which each statement applies 
to you. Indicate your choice by CIRCLING the appropriate marker. There are 
no right or wrong answers. Many of the statements are similar to other 
statements, do not be concerned about this. 

1. What is your declared major? 

2. Sex (M/F) 

3. How many university credits had you earned at the beginning of this 

semester? ___________ _ 

4. How many computer classes have you taken? _________ classes. 

5. What is your age? _________ years. 

6. What do you feel was the overall quality of the system you 
used for the task? 

Excellent Fair Poor 
1 2 3 4 5 

Confusing Understandable 
1 2 3 4 5 

Inefficient Efficient 
1 2 3 4: 5 

7. What do you feel was the overall quality of your answers to 
the questions concerning the task? 

Poor 
1 2 3 

Good 
4 

Don't know 
5 



8. How familiar are you with the type of problem just presented 
to you? 

Never seen it 
1 

A bit familiar 
2 3 4 

Very f amili ar 
5 
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9. How familiar are you with reading documents, such as the one presented 
here, on a computer screen? 

Not Familiar 
At All 

1 2 3 4 

Very 
Familiar 

5 

10. How well do you feel you performed on the task? 

Very Good 
1 2 3 

11. Comments or suggestions: 

4 
Very Poorly 

5 

If you have any comments, questions or suggestions about the 
experimental task, the software, the problem-solving process, 
or any aspect of the experiment, we welcome you to write them 
down. Thank you. 
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APPENDIXB 

Results of Data Analysis 

B.l Data Results for GMAT Exam Pilot Test 

Value 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
15 

Total 

Count 
1 
3 
6 
5 

12 
9 

i2 
8 
3 
2 
o 
o 
1 

Valid Cum 
Frequency Percent Percent Percent 

1 1.6 1.6 1.6 
3 4.8 4.8 6.5 
6 9.7 9.7 16.1 
5 8.1 8.1 24.2 

12 19.4 19.4 43.5 
9 14.5 14.5 58.1 

12 19.4 19.4 77.4 
8 12.9 12.9 90.3 
3 4.8 4.8 95.2 
2 3.2 3.2 98.4 
1 1.6 1.6 100.0 

------- ------- -------
62 100.0 100.0 

HISTOGRAM FOR PILOT TEST OF GMAT 
Value One symbol equals approximately .40 occurrences 
3.00 *** 
4.00 ******** 
5.00 *************** 
6.00 ************* 
7.00 ****************************** 
8.00 *********************** 
9.00 ****************************** 

10.00 ******************** 
11.00 ******** 
12.00 ***** 
13.00 
14.00 
15.00 *** 

I ......... I ......... I ......... I ......... I 
o 4 8 12 16 
Histogram frequency 
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B.2 Data Results for SAT Exam Pilot 'lest 

Valid Cum 
Value Frequency Percent Percent Percent 

4 2 2.9 2.9 2.9 
5 4 5.7 5.7 8.6 
6 3 4.3 4.3 12.9 
7 9 12.9 12.9 25.7 
8 12 17.1 17.1 42.9 
9 16 22.9 22.9 65.7 

10 10 14.3 14.3 80.0 
11 10 14.3 14.3 94.3 
12 4 5.7 5.7 100.0 

------- ------- -------
Total 70 100.0 100.0 

HISTOGRAM FOR PILOT TEST OF SAT 

Count Value One symbol equals approximately .40 occurrences 

2 
4 
3 
9 

12 
16 
10 
10 
4 

4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 

***** 
********** 
******** 
*********************** 
****************************** 
**************************************** 
************************* 
************************* 
********** 

I ......... I ......... I ......... I ......... I 
o 4 8 12 16 

Histogram frequency 
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B.3 Demographic Data from Experimental Subjects 

SEX 

Valid Cum 
Value Frequency Percent Percent Percent 

1.00 74 49.0 49.0 49.0 
2.00 77 51.0 51.0 100.0 

------- ------- -------
Total 151 100.0 100.0 

NUMBER OF CLASSES 

Valid Cum 
Value Frequency Percent Percent Percent 

0 24 15.9 15.9 15.9 
1 104 68.9 68.9 84.8 
2 17 11.3 11.3 96.0 
3 4 2.6 2.6 98.7 
4 2 1.3 1.3 100.0 

------- ------- -------
Total 151 100.0 100.0 
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AGE 

Valid Cum 
Value Frequency Percent Percent Percent 

17 1 .7 .7 .7 
18 39 25.8 25.8 26.5 
19 41 27.2 27.2 53.6 
20 33 21.9 21.9 75.5 
21 8 5.3 5.3 80.8 
22 7 4.6 4.6 85.4 
23 1 .7 .7 86.1 
24 1 .7 .7 86.8 
25 4 2.6 2.6 89.4 
26 3 2.0 2.0 91.4 
27 1 .7 .7 92.1 
28 3 2.0 2.0 94.0 
29 1 .7 .7 94.7 
31 2 1.3 1.3 96.0 
35 1 .7 .7 96.7 
36 1 .7 .7 97.4 
39 1 .7 .7 98.0 
40 1 .7 .7 98.7 
42 1 .7 .7 99.3 
50 1 .7 .7 100.0 

------- ------- -------
Total 151 100.0 100.0 

PERFORMANCE 

Valid Cum 
Value Frequency Percent Percent Percent 

2 3 2.0 2.0 2.0 
3 6 4.0 4.0 6.0 
4 21 13.9 13.9 19.9 
5 21 13.9 13.9 33.8 
6 31 20.5 20.5 54.3 
7 26 17.2 17.2 71.5 
8 14 9.3 9.3 80.8 
9 20 13.2 13.2 94.0 

10 5 3.3 3.3 97.4 
11 2 1.3 1.3 98.7 
12 2 1.3 1.3 100.0 

------- ------- -------
Total 151 100.0 100.0 



Count 

3 
6 

21 
21 
31 
26 
14 
20 

5 
2 
2 

Variable 

PERFORMANCE 
AGE 
NUMBER OF 

CLASSES 
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Value One symbol equals approximately .80 occurrences 

2.00 **** 
3.00 ******** 
4.00 ************************** 
5.00 ************************** 
6.00 *************************************** 
7.00 ********************************* 
8.00 ****************** 
9.00 ************************* 

10.00 ****** 
11.00 *** 
12.00 *** 

I ......... I ......... I ......... I ......... I ......... I 
o 8 16 24 32 40 

Histogram frequency 

Mean Std Dev Minimum Maximum Valid N 

6.417 2.073 2 12 151 
20.854 4.868 17 50 151 

1.046 .706 0 4 151 



Source of Variation 
Covariates 

FAMDOC 
Main Effects 

PRESENT 
TECHNOL 

2-Way Interactions 
PRESENT TECHNOL 

Explained 
,Residual 
Total 

APPENDIXC 

Covariate Analysis Thbles 

Sum of 
Squares 
11.540 
11. 540 
23.253 
21.388 

1.103 
.264 
.264 

35.056 
663.315 
698.371 

DF 
1 
1 
2 
1 
1 
1 
1 
4 

146 
150 

Mean 
Square 

11.540 
11. 540 
11. 626 
21.388 

1.103 
.264 
.264 

8.764 
4.543 
4.656 

F 
2.540 
2.540 
2.559 
4.708 

.243 

.058 

.058 
1.929 
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Sig 
of F 

.113 

.113 

.081 

.032 

.623 

.810 

.810 

.109 

Table C.1: PenomlaIlce Evaluation with Familiarit~· of Documents Cmcu1ate 

Source of Variation 
Covariates 

NO_COP 
Main Effects 

PRESENT 
Explained 
Residual 
Total 

Sum of 
Squares 

2.678 
2.678 

12.613 
12.613 
15.291 

269.052 
284.343 

OF 
1 
1 
1 
1 
2 

67 
69 

Mean 
Square 

2.678 
2.678 

12.613 
12.613 
7.646 
4.016 
4.121 

F 
.667 
.667 

3.141 
3.141 
1.904 

Sig 
of F 
.417 
.417 
.081 
.081 
.157 

Table C.2: Penormance Evaluation with Nwnber Nodes Copied Covariate 



Source of Variation 
Covariates 

FAMDOC 
Main Effects 

PRESENT 
TECHNOL 

2-Way Interactions 
PRESENT TECHNOL 

Explained 
Residual 
Total 

Sum of 
Square:> 

.919 

.919 
16.757 

.014 
16.732 
2.488 
2.488 

20.165 
771. 279 
791.444 

DF 
1 
1 
2 

1 
1 
1 
1 
4 

146 
150 

Mean 
Square 

.919 

.919 
8.379 
.014 

16.732 
2.488 
2.488 
5.041 
5.283 
5.276 

F 
.174 
.174 

1.586 
.003 
3.167 

.471 

.471 

.954 

137 

Sig 
of F 

.677 

.677 

.208 
.959 

.077 

.494 

.494 

.435 

Table C.3: Perforrnance Time with Familiarity with Document Covariate 

Sum of Mean Sig 
Source of Variation Squares DF Square F of F 
Covariates .616 1 .616 .116 .734 

FAMPROB .616 1 .616 .116 .734 
Main Effects 15.345 2 7.673 1.448 .238 

PRESENT .024 1 .024 .005 .946 
TECHNOL 15.332 1 15.332 2.894 .091 

2-Way Interactions 2.058 1 2.058 .388 .534 
PRESENT TECHNOL 2.058 1 2.058 .388 .534 

Explained 18.019 4 4.505 .850 .496 
Residual 773.425 146 5.297 
Total 791.444 150 5.276 

Table C.4: Perlonnance Time with Familiarity with the Task Covariate 



Source of Variation 
Covariates 

NO_COP 
Main Effects 

PRESENT 
Explained 
Residual 
Total 

Sum of 
Squares 

1.292 
1.292 
2.238 
2.238 
3.531 

425.455 
428.986 

DF 
1 
1 
1 
1 
2 

67 
69 

Mean 
Square 

1.292 
1.292 
2.238 
2.238 
1.765 
6.350 
6.217 

138 

Sig 
F of F 
.204 .653 
.204 .653 
.353 .555 
.353 .555 
.278 .758 

Table C.5: Perfonnance Time with Number of Text Nodes Copied Covariate 
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