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ABSTRACT 

The purpose of this research was to provide evidence 

to support specific features of a software user interface 

implementation. A 3x2x2 full factorial, between subjects 

design was employed, in a laboratory experiment 

systematically varying existence or non-existence of a user 

interface and media of help documentation (either online or 

written), while blocking for varying levels of user 

experience. Subjects completed a set of tasks using a 

computer, so the experimenters could collect and evaluated 

various performance and attitudinal measures. Several 

attitudinal measures were developed and validated as part 

of this research. 

Consistent with previous findings, this research 

found that a user's previous level of experience in using a 

computer had a significant impact on their performance 

measures. Specifically, increased levels of user 

experience were associated with reduced time to complete 

the tasks, fewer number of characters typed, fewer 

references to help documentation, and fewer requests for 
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human assistance. In addition, increased levels of user 

experience were generally associated with higher levels of 

attitudinal measures (general attitude toward computers and 

satisfaction with their experiment performance). The 

existence of a user interface had a positive impact on task 

performance across all levels of user experience. Although 

experienced users were not more satisfied with the user 

interface than without it, their performance was better. 

This contrasts with at least some previous findings that 

suggest experienced users are more efficient without a 

menu-driven user interface. The use of online 

documentation, as opposed to written, had a significant 

negative impact on task performance. Specifically, users 

required more time, made more references to the help 

documentation, and required more human assistance. 

However, these users generally indicated attitudinal 

measures (satisfied) that were as high with online as 

written documentation. 

There was a strong interaction between the user 

interface and online documentation for the task performance 

measures. This research concludes that a set of tasks can 

be performed in significantly less time when online 

documentation is facilitated by the presence of a user 

interface. written documentation users seemed to perform 

equivalently with or without the user interface. with 



online documentation the user interface became crucial to 

task performance. Research implications are present8d for 

practitioners, designers and researchers. 
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CHAPTER 1 

INTRODUCTION 

Designing a human-computer interface (HCI) is more 

an art than a science (Kraut, Hanson, and Farber 1983). A 

primary concern to those currently investigating user 

interface issues is the identification of a fundamental 

human-computer interaction philosophy and guidelines for 

creating improved environments in the future. The 

penetration of computer technology into our society has 

increased, primarily over the past two decades, due to some 

major trends: increasing speed and reliability, and 

decreasing unit costs and size of components (Branscomb 

1983: Nickerson 1986). Expanded resources devoted to the 

human-computer interface have resulted from increases in 

both the computer's power and the improving performance / 

cost ratio. In the early years, computational tasks were 

the primary resource use. The high cost of the hardware 

technology forced considerations of "efficient" use by man 

into a secondary position. As a result, system designers 

have only recently.been provided with an opportunity to 

even consider work on improving the user interface (Card, 

Moran, and Newell 1983). Fueled by these technologi.cal 

advances, the maturat,ion of t.he information systems field, 



the increasing backlog of requests for applications 

(Alloway and Quillard 1983), a shortage of professional 

system developers, and abetted by software packages that 

are easier to use, computer applications have transcended 

traditional data processing, in a direction towards 

increased end user computing 

24 

The magnitude of end user computing growth cannot be 

ignored. Benjamin (1982) reported that end user computing 

had grown from almost non-existence in 1970 to nearly 40% 

of total processin~ capacity in 1980, with predicted growth 

to 75% by 1990. This was sUbstantiated in a study by Head 

(1983) that predicted 75% of business programming will be 

end users oriented by 1993. An independent study conducted 

by IBM Canada (EDP Analyzer 1981) estimated that 25% of 

their computer use was from end user computing. Rockart 

and Flannery (1983) showed that in the context of 

timesharing computing, end user computing was growing at an 

annual rate of 50-90%, while traditional computing was 

growing at only 5-15%. A recent survey of over 1000 

organizations by Data Decisions (1983) found that personal 

computers were being used by sixty-seven percent of middle 

managers and twenty-two percent of top managers of 

non-data-processing departments. 

These statistics are echoed by the concern of many 

top MIS executives, researchers, and consultants, who 
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recently placed the facilitation and management of end user 

computing second in a list of key MIS management issues for 

the 1980's (Dickson, Leitheiser, Wetherbe, and Nechis 

1984). However, given the current understanding of user 

interface issues, researchers are still trying to identify 

the primary characteristics of an interface. Technology 

has frequently far exceeded user understanding and how to 

best implement user interfaces is still a considerable way 

off. 

The goal of this research is to investigate ways to 

improve human performance in the use of computers, and to 

make HeI design more of a science. Specifically, this 

research investigates one implementation of a user 

interface in an attempt to provide insight into specific 

design features as a function of user capabilities and 

needs. Thus, the focus is on the symbiotic relationship 

between man and computer. It is important to remember that 

computers are intended to be used as a tool by man, to 

accomplish tasks specified by man. The perspective of the 

research is that success of the HeI is measured not so much 

by what the computer can do, but what the person using it 

can accomplish through its use. 

The remainder of this chapter provides a background 

on issues central to understanding the complexity and 

importance of the HeI implementation process; a summary of 



the specific purposes and scope of this research; and a 

discussion of the contributions and implications of the 

research effort. 

End User Computing 

26 

To understand the forces shaping the man-computer 

interface environment requires an understanding of evolving 

trends in end user computing. Head (1985) defined end user 

computing "as the direct assumption of system development 

and data processing tasks by the user of the service for 

his own direct benefit (p.24)." Morehead and Rouse (1985) 

noted that "as the 'information age' continues to evolve, 

more and more people are coming in contact (directly or 

indirectly) with computer-based information systems 

(p.73)." The development of the microprocessor and its 

rapidly declining cost of production has helped to motivate 

the widespread use of microcomputers. As a result, 

typically the users of these systems are no longer limited 

to data processing professionals acting as intermediaries 

between problem solvers and their computers. Rather, these 

systems are being used by the problem solvers themselves. 

The goals of end-users are simple, they want to solve 

problems specific to their domains. 'I'hey want an effective 

tool that will work for them, without extensive training or 

programming skills. And they do not want to spend hours or 

days reading through hundreds or thousands of pages of 
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(frequently intimidating) documentation related to their 

computer systems and application programs. As the use of 

computer systems and application programs migrates toward 

end-users who are relatively "computer illiterate," it is 

unfortunate that these users frequently must perform other 

functions formerly satisfied by data processing 

professionals. This is particularly prevalent in the case 

of personal computers. The functions performed by the end 

user may include, unpacking and assembling the computer 

system and its associated components, performing the system 

configuration, and installing the software packages. In 

many respects, the data processing professional is being 

removed from the marketing channel altogether, yet his 

expertise is still essential and must be transferred to the 

end-user. 

Types of Computer Applications Levels 

Another important force shaping the man-computer 

interface environment is the nature of computer 

applications and applications levels. As the cost of the 

computer technology has made it possible for systems to 

become available to a wider range of users, the nature of 

applications has also changed. The type of problems that 

could be tackled by the technology began to expand, as a 

result of advances in both hardware and software. 



A framework frequently referred to in the 

information systems literature for describing decision

making systems by functional area with an organization, is 

the Anthony (1965) model. 

Referring to the Anthony (1965) model, it was the 

tasks and activities at the operational control level (see 

Figure 1) where information systems made their first 

inroads into organizations. These tasks were very well 

defined, structured tasks, usually recurring at regular 

time intervals, and supporting specific functional areas. 

Figure 2 refers to these same areas as traditional data 

processing systems (e.g., payroll, accounting), previously 

designed by professional systems personnel. These systems 

typically ran on a scheduled basis by the systems staff, 

with the information presented to the users in final 

reports. 

28 

As information systems increased in complexity, the 

management control level (see Figure 1) of systems began to 

emerge. These systems concentrated on the allocation and 

coordination of organizational resources, concerned 

primarily with the control of resources, people and funds. 

Output from these systems 'were directed at middle managers. 

Since these users were seldom professionally trained in the 

use of computers they typically used reports provided by 

professional systems staff. As microcomputers became more 
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prevalent within organizations and a new generation of 

middle managers begin to reflect the advances of computer 

training in schools and colleges, this class of users 

demanded a new generation of tools, referred to as decision 

support systems (DSS: Gorry and Morton 1971; see Figure 2). 

These systems included such programs as spreadsheets (e.g., 

Lotus 1-2-3), modeling languages (e.g., IFPS), and special 

purpose systems. 

Figure 2 illustrates that as the type of application 

program appears higher on the pyramid hierarchy, the 

experience level of the user in the use of computer systems 

typically becomes less. This inexperience, or insecurity 

in the use of systems, frequently motivated many middle and 

top level managers to use an intermediary when using the 

system, thus becoming a "distant user." 

The newest level that system software has impacted 

is what Anthony (1965) refers to as strategic planning (see 

Figure 1). These users are typically top managers, and 

frequently represent the most inexperienced or infrequent 

computer users (see Figure 2). strategic planning 

activities are frequently "one time shots," in which the 

user is looking for results for a particular, non-recurring 

problem. Top level activities include the statement of the 

organizations mission, goals, and objectives. The users 

utilize software tools in order to clarify and organize ~he 



activities and strategies for the organization. strategic 

Planning and Group Decision Support Systems (Nunamaker, 

Applegate, and Konsynski 1987) and "groupware" systems 
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(Richman 1987) are beginning to appear in the market place. 

Huber (1987) suggests that a major bottleneck in "the pace 

of acceptance of these new tools (group decision support 

systems) will be determined by the abilities of the most 

technophobic member of a work group to user! them (Richman 

1987, p. 129) 

Increase In Attention To Human-Computer 
Interface Issues 

The increased attention that Human-Computer 

Interface (HCI) issues received helped to emphasize the 

importance of people in the total computer system. This 

represented a shift from the early days where the primary 

emphasis was on technology, such as the design of programs, 

machines, languages, and algorithms (Ledgard, Singer, and 

Whiteside 1979), to a recognition that there must be a 

balance between man and machine. "We often forget that the 

original objective of computer technology is not just to 

develop more powerful systems but to increase the overall 

effectiveness of the human problem solver (Ledgard, Singer, 

and Whiteside 1979, p. 1)." Card, Moran, and Newell (1983) 

state that as you move out, from inside the computer, you 

eventually run into a human being. The key notion, 



perhaps, is that the user and the computer engage in a 

communicative dialogue with the purpose of 

accomplishmenting some task. In order to accomplish this, 

there must be a mutual interaction across an interface 

between man and machine. 

HUMAN <--------> INTERFACE <--------> TECHNOLOGY 
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User "friendliness" is the concept most frequently 

applied when discussing effective interaction between man 

and machine. Shackel (1981) presents the concept of 

"usability," particularly as it applies to computer-based 

systems. He defined usability as "the capability in human 

functional terms to be used easily and effectively by the 

specified range of users, given specified training and user 

support, to fulfill the specified ~ange of tasks, within 

the specified range of environmental scenarios." 

The market has produced several examples of user 

interfaces. However, solid empirical evidence supporting 

specific features of user interface implementations is 

seriously lacking (Ramsey and Atwood 1979). A dilemma for 

practitioners is that while the benefits of evaluating 

"real" HCI implementations is recognized as optimal, the 

problem is that by the time the system is running well 

enough to evaluate, it is almost inevitably too late to 

change it much (Card, Moran, and Newell 1983). It is 



therefore imperative for practitioners and academics to 

begin gathering the empirical data needed to help us to 

better understand and to build a foundation of design 

guidelines for future He! implementations. 

Purpose of the Research 
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The purpose of this research is to address the 

following questions regarding the implementation of a user 

interface: 

1) How does the presence of a user interface (menuing, 

fill-in-the"'blank, and prompting screens) impact the 

performance and satisfaction of users in completing a set 

of tasks? 

2) What impact does the presentation media for the 

help documentation (online or written) have on the 

performance and satisfaction of users in completing a set 

of tasks? 

3) What impact does a user's level of experience 

(novice / casual/experienced) have on the performance and 

satisfaction of users in completing a set of tasks? 

4) What are the interaction effects of the above three 

dimensions? 

To answer these questions, a laboratory experiment 

was conducted. Users' level of experience was blocked, 

while systematically varying the user interface and media 



of help documentation in a 3x2x2 full factorial, between 

subjects design. 

Scope of the Research 

This research is an initial study seeking to 

establish solid empirical evidence to support specific 

features of a software user interface implementation. The 

scope of the research is limited to determining the impact 

of specific software features (e.g., user interface and 

user aid features) on human user performance and 

perception, based on one specific implementation. The 

emphasis of this research is on optimization of human 

performance and satisfaction, rather than system 

performance. Ledgard, Singer, and Whiteside (1979) 

recognized that the primary constraints are those imposed 

by human limitations, not machine capabilities. 

Consequently, the performance and attitude of the user 

serve as the primary measure of system success. 
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This research is not intended to investigate 

hardware ergonomics. It assumes a standard microcomputer, 

keyboard, and video display configuration. Such variables 

as different display types or visual properties of displays 

(such as, flicker, luminance, contrast, chromaticity, 

resolution, character font, and color) are not covered. 



Importance of the Research 

Two unique features of this research combine to 

ensure its importance to both practitioners and academics. 

First, this research is commercially driven with a 

sensitivity to practitioner needs. Second, the research 

uses experimental design to focus on specific user 

interface feature issues. The importance of each of these 

unique research features is discussed below. 

Need for Practitioner orientation 
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From craft and experience gained through the direct 

understanding of tasks completed in an applied context, 

additional theories are presented. The joint importance to 

practitioners alld academics of laboratory research on the 

benefits of various user interface features presents an 

opportunity of synergism between the academic and business 

communities. Guidelines and recommendations based on 

empirical evidence developed in an academic context can be 

effectively used by business organizations in designing 

future more usable user interfaces. Business organizations 

can, in turn, provide the feedback, setting, and 

sponsorship of additional research necessary to further 

contributions to knowledge. Enhanced understanding and 

cooperation can be fostered in an atmosphere of mutual 

trust and appreciation (Vogel, 1986). 
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Need for Experimentation 

Many vendors make claims that their software is user 

friendly, easy to use, and easy to learn. However, few 

claims have been based on formal research studies. 

Numerous researchers have recognized the need for 

additional quantitative data pertaining to HCI issues that 

could be derived from experimentation (Card, Moran, and 

Newell 1983: Granda 1977: Meister 1977). Ramsey and Atwood 

(1979) concluded from a survey of the HCI literature that 

quantitative data on user performance and human-computer 

interaction were "few and fragmented" (Ramsey and Atwood 

1979). 

Morton (1984) addressed the lack of experimental 

research in the management support system area of HCI: 

in short, there is a real dearth of practical 
experimentation in user interface work, and new 
ideas seem to move unusually slowly into testing. 
To the extent that the interface technologies are 
important, it appears that the widespread use of 
management support systems will be held back by the 
absence of developmental work in this area (p. 23). 

Morton (1984) further asserted that iicontrolled lab 

experiments can be most valuable" and that "their 

infrequent use is hard to understand." Branscomb (1983) 

echoed the need for controlled experiments in the HCI area: 



Thus the effort to design for ease of use could 
benefit enormously from basic research, not only in 
adaptive systems and computational linguistics, but 
above all in terms of controlled experiments 
involving actual use by representative end users -
for you can't evaluate ease of use without use 
(p. 3). 

Ultimately, validation of any design principle 

requires that it be tested, and experimentation is 

beginning to play an important role in the HCI area. 

Implications of Research for Practitioners 

Research on the impact of the user interface 
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environment on user performance and perception is important 

to both practitioners and academics. The research is 

important to practitioners for the following reasons: 

1) Empirical evidence supporting benefits of specific 

user interface features, provided by this research, can 

help to close the widening gap between the ready 

availability of increased technological comput~r 

capabilities and understanding user needs by system 

designers. Considerable computer technology is available, 

however, there appear to be many practical problems to 

overcome in learning how to harness its capabilities. 

2) This research will focus on the use of various user 

interface and user aid features implemented through 

software to benefit end users with various levels of prior 

computer experience. This information should assist 



designers in making more informed design assumptions about 

users with varied computer capabilities and needs. 
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3) There have been many design assumptions made by 

practitioners who implicitly claim the worthiness of 

particular user interface design features, however, most 

frequently without empirical evidence. The evidence 

provided by this research can be used to facilitate the 

development of guidelines for the effective design of 

future user interface implementations. Moreover, the 

information obtained from this research can subsequently be 

integrated into existing guidelines with a principal focus 

on user interface design (Ramsey and Atwood 1979). 

Implications of Research for Academics 

Research on the impact of the user interface 

environment on use.r performance and perception is important 

to academics for the following reasons: 

1) The research provides a more comprehensive and 

complete picture of the impact of various approaches to 

user interface design issues and features. This can be 

helpful in building a theory of the relationship between 

user task demands, user capabilities, and interface design. 

2) This research provides additional empirical 

evidence to help broaden the scope of our knowledge 

concerning specific issues of user interface design. 

Additional contributions to knowledge may help us to 
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understand how to push the present limitations of paperless 

documentation (written versus online help documentation), 

as well as evaluate its benefits. 

3) Finally, extant research in the human computer 

interface area cries out for additional experimental 

research, with a stronger emphasis on experimental rigor. 

Moreover, extant experimental research has been marked by 

artificiality. This experiment used a "real" professional 

quality user interface implementation (pre-release beta 

test version), not a "toy" implementation designed 

primarily for one specific experiment. 

Card, Moran, and Newell (1983) submitted that there 

is nothing that drives fundamental theory better than a 

good applied problem. They believe that knowledge flows 

from the pure to the applied, but that theory can be 

derived from applications. Each successfully mastered 

application area offers lessons about the ways in which the 

basic science can be extended to cover new areas. 

organization of the Document 

The remainder of this document is divided into 7 

chapters. Chapter 2 represents a review of the literature 

relevant to human computer software interfaces, online help 

systems, and user's level of computer experience. Chapter 

3 presents hypotheses intended to test propositions based 

on the theories to be investigated. The hypotheses are 
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linked to the literature. Chapter 4 details the research 

design, including aspects of the subjects, the user 

interface implementation, the tasks, the treatments, and 

performance and perception measures. Chapter 5 details the 

final experiment administration and procedures, including 

the results obtained for a pilot study. Chapter 6 presents 

the data collected from the experiments, along with 

analysis of the data. Importance is placed on interaction 

as well as main effects. Chapter 7 summarizes the research 

findings. strengths and limitations of the research are 

discussed. Anticipated extensions of the research are 

presented. 



CHAPTER 2 

THE LITERATURE 

This chapter is organized to present relevant 

information from the literature concerning the primary 

dimensions of user-system interaction addressed in this 

research. The chapter begins with an introduction to the 

study of human-computer interaction and human-computer 

interfaces, noting the importance of an interdisciplinary 

approach to human-computer interface development and 

outlining basic human-computer communication aspects. The 

chapter then provides a review of research on several 

specific user interface, documentation and user experience 

issues. Finally, the chapter includes a section on 

experimentation issues in HCI research. 

Introduction to Human-Computer Interaction 
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Mankind is unique in the ability to build and use 

tools. As knowledge has advanced from the agricultural, 

into the industrial, and presently emerging into the 

information age, these tools have become increasingly 

complex. One result of this increasing complexity has been 

the dawning of a new discipline devoted to the study of the 



interaction between people and tools in the effective 

accomplishment of tasks (Nickerson 1986). 

The Signi~icance of Human computer Interactions 
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The computer, a relatively new tool, is perhaps the 

most complex and awesome tool yet developed. In the 

earliest days of computers the emphasis was on producing 

hardware and software systems that were reliable, fast, 

reasonably priced, and could accomplish the required tasks. 

Human factors played a minor role. As the industry matured 

and computer systems began reaching a wider market that 

included non-computer oriented purchasers, interest in 

human factors mounted. New users were interested in the 

computer as a tool for attaining some end and the 

"usefulness" of a system was increasingly judged by how 

easy it was to obtain results. 

Given the potential power the computer has to offer, 

it is not surprising that recent attention has been devoted 

to investigating ways to make computer systems easier to 

use (Agrawal et al. 1985: Card, Moran, and Newell 1983: 

Klix and Wandke 1984: Maguire 1982: Nickerson 1986: Norman 

and Draper 1986: Ramsey and Atwood 1979: Salvendy 1984: 

Shackel 1984: Shneiderman 1980, 1986 and 1987). The fact 

still remains however, that "humans are good at decision 

making: computers are good at computation (Ramsey and 

Atwood 1979)". Making computer systems and software 



products easy to learn and use has been recognized as an 

important aspect of system design almost since the 

inception of the computer. The development of operating 

systems was the first software application area to 

recognize the importance of a quality user interface. As 

operating systems evolved they became more interactive 

(versus batch). The online (immediate) nature of the 

operating environment lead to the desirability of an 

explanation (user assistance or help) describing the 

current activity or requirement. This interactive 

a~sistance capability naturally carried over into 

application software. Today practically all new products 

boast some claim of "user friendliness" or "ease-of-use." 

From the software design perspective, Smith and Mosier 

(1984) estimated in a survey of information system 

designers that 30% to 35% of operational software was 

devoted to the user-system interface. 
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Computer manufacturers and system developers soon 

recognized that human factors could provide for product 

differentiation (e.g., Xerox Star and Apple MacIntosh). In 

1981 IBM established its commitment to human factors when 

it arranged a series of conferences (Chapanis 1981a; 

Shackel 1981; smith 1981; wright, 1981) for IBM engineers 

to emphasize that usability had become of equal importance 



with functionality in the IBM development and marketing 

philosophy (Shackel 1984). 
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Perhaps the most ambitious commitment to the human

computer interface was reflected in the Japanese program of 

development for a Fifth Generation of computing systems, in 

which user interface is one of the primary components of 

the conceptual diagram. This phase of the project is, 

however, one of the least well-defined although Karatsu, 

chairman of the Social Needs Committee, emphasized the need 

to consider human factors; "until today, man had to walk 

toward the machine with effort to fit precisely. On the 

contrary, tomorrow, the machine itself will come to follow 

the order issued by man (1982, p.106)." The first 

functional requirement listed my Moto-aka (1981) concerning 

this effort was that they should have increased 

intelligence and ease of use so that the systems will be 

better able to assist man (p.5). The significance of user 

interface issues to this project helped to formally 

recognize its importance. 

Gaines (1984) reiterates the growing interest in 

human factors from another perspective: 

The technology which limited us for so long has now 
outstripped our demands and we can expect a shift 
from technology-push economics in computer systems 
to those of market-pull. The human-computer 
interface is what the customer sees as a computer 
and is where the market requirements are being 



expressed. We will increasingly build systems top
down from the user needs rather than bottom-up from 
technology availability (1984, p.2). 

Thus, many feel that we are entering a new arena of 

human-computer interaction; communications with machines 

rather than operation of machines (Card, Moran, and Newell 

1983). Nevertheless, until recently the large majority of 

research efforts were addressed at such issues as 

generating sophisticated compilers, complicated operating 

systems, and overall machine optimization. This can be 

compared with more recent efforts in the user interface 
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area, such as the optimization of human use of computers or 

online help and assistance issues. This former lack of 

emphasis directed toward human usage of computers is 

especially surprising when one considers the trends of 

relative costs between machine hardware versus human labor 

(Bohem 1973; Brooks 1975). 

Although ways of making computer systems easier to 

u~e is a continuing concern, differing perspectives have 

evolved on what makes a system "usable." Lewis (1987) 

believes that "usable systems let people do their jobs 

quickly, accurately, and enjoyably." Lewis advocates a 

broad view of usability, including installation, user 

training, user support, administration, maintenance, 

manuals, and documentation. This broader approach includes 

everything the user comes in contact with in using the 
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system (1987). Gould and Lewis (1983) proposed that "Any 

system designed for people to use should be (1) easy to 

learn; (2) useful, i.e., contain functions people really 

need in their work; (3) easy to use: and (4) pleasant to 

use (p.50)." Others have added that user interfaces should 

be flexible and modular in design. Ledgard, Singer, and 

Whiteside (1979) indicate that considerations for building 

systems, including the user interface are (1) the 

development of a moderately powerful system that makes 

users more productive with less effort, (2) the need for a 

system that stimulates rather than dampens the enthusiasm 

of potential users, (3) a desire to create a system without 

the trappings of conventional computer concepts, 

terminology, and jargon, and (4) the need for documentation 

embodying a light and friendly approach to users. These 

and other researchers judge the success of a user interface 

not only by user speed and efficiency of performance but by 

user attitudes and satisfaction (Walther and O'Neil 1974; 

Morrison 1983; Minch and Ray 1986: Raymond 1986; Ives, 

Olson and Baroudi 1983). 

An Interdisciplinary Approach to the Study of HeI 

The focus of this research is on facets of user 

interfaces. What is meant by the term interface? The 

Webster's New Collegiate provides an applicable definition 

as "the place at which independent systems meet and act on 



or communicate with each other." Norman and Draper (1986) 

refer to "a zone of mutual accommodation." By interactive 

we mean any system where the user and a computer engage in 

a dialogue or communication. 
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communications can be viewed as the exchange of 

information by means of encoded messages for which there is 

a common knowledge between at least two systems (in this 

case the human and the computer) (Klix 1986) • Klix 

believes that in order to comprehend the interaction 

between the man and machine, we must understand how the two 

are prewired: (1) by engineers and (2) by the biological 

history of evolution. 

As a result of the interdisciplinary nature of 

human-computer interaction research, much of the existing 

literature relevant to this field is fragmented and widely 

scattered across fields (Ramsey and Atwood 1979). While 

referring to HC! issues, Shneiderman (1987) makes reference 

to the amount of interaction and cross-fertilization that 

is necessary between various academic disciplines, and 

Norman and Draper (1986) submit that since HC! is a 

pluralistic field it requires a plural:i.stic approach. The 

HC! interdisciplinary imperative has been advanced by a 

variety of other researchers as well (Newman 1977; Card, 

Moran, and Newell 1983; Klix 1986). 
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Ramsey and Atwood (1979) asserted that because of 

the diverse number of reference disciplines that contribute 

to the HeI literature it is not difficult to envision the 

problems that a specialist in this area would have in 

maintaining a familiarity with the literature. In order to 

build effective HeI applications, several different fields 

should be consulted. 

Some of the reference disciplines that researchers 

feel can offer perspectives on the field are: human 

factors, computer science, cognitive sciences, psychology, 

artificial intelligence, ergonomics, linguistics, 

educational psychology, instructional design, graphic art, 

technical writing, sociology, philosophy, policy making, 

anthropology, and engineering psychology. In other words, 

there is not one "best" approach that can offer a complete 

solution. 

It is important to remember that traditionally user 

interfaces have not been primarily designed by HeI 

specialists, but rather by computer scientists or 

application area specialists (Ramsey and Atwood 1979). As 

a result, it is the systems functionality that has 

typically been of primary concern to the system designer. 

However, people are quite different from computers (Norman 

and Draper 1986). Eason (1976) and Stewart (1976) offered 

a list of common user responses to inappropriate and 
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inadequate systems. They suggest that users frequently 

respond with one of the follow'ing: (1) dis-use, (2) 

mis-use, (3) partial use, (4) distant use, (5) modification 

of task, (6) compensatory user activity, (7) direct 

programming involvement, and (8) frustration and apathy. 

It is important to remember computers should be designed 

for both (1) functionality and (2) communication with the 

user. 

Functionality 

Functionality, as used in this document, refers to 

the capability of a system to perform the desired task. 

The computing system must provide both the functionality 

its users need and an easy path by which to access that 

functionality and accomplish tasks (Fenchel, 1981). 

Nickerson (1986) suggests that a conflict often arises 

between the desire for simplicity and the desire for 

functionality. As users gain experience, they want greater 

functionality, which comes with increased complexity. The 

problem for research is how to provide the functionality 

that the experienced user wants without sacrificing the 

simplicity that the inexperienced user needs. 

Lewis (1987) believes that if a system is designed 

with a poor user interface, but really winning 

functionality, the user will "go the extra mile" to use it. 

An example he gives is that of a system capable of 
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predicting tomorrow's stock prices. Users would be willing 

to suffer through even the worst interface in order to 

benefit from the functionality of such a system. 

Bailey (1982), on. the other hand, found that 

inadequate functionality frustrates the user, frequently 

resulting in rejection or underutilization of a system. In 

other words, if the functionality of a system is 

inadequate, a good user interface will not help. Yet, too 

much functionality can add unnecessary clutter and 

complexity, resulting in user confusion, and thus rejection 

.~ or underutilization of a system. It is a two sided sword. 

The inclusion of features not needed for a task interferes 

with task performance (Ledgard, Singer, and Whiteside 

1979). This is supported by Weizenbaum (1976) w'ith 

evidence that many users are intimidated by a system that 

contains more features than they know how to use. 

The definition of required functionality changes as 

a result of the experience level of the user. It is very 

conceivable that the same system will have to accommodate 

users with different levels of skill and experience with 

using the system. This may not be easy to realize because 

novices and experts have quite different needs (Nickerson 

1986). Novice users may be satisfied with limited 

functionality with maximum help "hand holding", while 



expert users may want maximum functionality with minimum 

hand holding. 

Human-Computer Communication Components 
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Human users understand and are familiar with human 

to human communication. Therefore, it seems obvious that 

human to computer communication should attempt to adhere to 

the same rules of corununication. Rubinstein and Hersh 

(1987) believe that when people "enter into a conversation, 

they enter into a 'tacit contract' where each side of a 

conversation agrees to abide by certain rules and 

conventions." The same rules that apply to human 

interaction can apply to human-computer interaction, such 

as, (1) honesty, (2) cooperation, (3) providing the proper 

amount of information for a given context (not too much, 

not too little), and (4) recognizing that both parties must 

pay attention to one another (Rubinstein and Hersh 1987). 

Assistance to users, in the form of helpful communication 

in order to accomplish tasks, is a primary component of a 

system. This assistance is cognitive or informational in 

nature, and the behavioral issues involved are often 

complex, subtle, and poorly understood. 

There are at least three primary components that one 

must consider when evaluating the interaction between 

humans and computers. These are (1) the human user, (2) 

the computer system, and (3) the task that the user wishes 
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to accomplish using the computer system. Shackel (1981) 

submits that a fourth component, (4) the environment, 

should also be included in an evaluation of human-computer 

interaction. A primary goal of this research was to try to 

control for the environment, thus eliminating it as a 

component variable. Each of the other three primary 

components are briefly discussed below. 

The Human User. Cognitive issues in HCI are 

relatively new concerns, therefore very few guidelines 

exist for the application of cognitive psychology research 

to HCI development. Some have suggested that this shift of 

emphasis followed a shift towards interactive systems, and 

was necessary to support the added burden of cognitive 

tasks. The emergence of cognitive psychology and human 

information processing has helped HCI by providing some 

basic behavioral theory and experimentation to the field, 

in such areas as: basic informational properties, user 

aids, and dialogue methods. One of the goals of the 

cognitive emphasis towards user interface research is to 

uncover better methods to organize and present information 

for human comprehension, assimilation, retention and use 

(Nickerson 1986). 

Morehead and Rouse (1984) highlight that "it is 

becoming apparent that the system designer must take into 

account the abilities and limitations of the human who will 



52 

be utilizing the system (p.73)." From an applications 

approach, Rubinstein and Hersh (1984) simply suggest a 

design criteria to "minimize conceptual load" on the users. 

An increased understanding of how humans store, retrieve, 

and manipulate information should contribute to the design 

of more user-compatible information classification schemes. 

A significant segment of the basic psychological 

literature, including especially the areas of perception, 

information processing, and cognitive psychology provide 

applicable information (Ramsey and Atwood, 1979). 

Human factors research has provided considerable 

general literature on the subject of HCI. Specifically 

literature concerned with computer system~, video displays, 

data entry, and specific application areas is appropriate 

(Ramsey and Atwood, 1979; Revesman and Greenstein 1983; 

Sayani 1976; Treu 1975). 

The computer System. A significant segment of the 

computer science literature has addressed characteristics 

of the computer system in HCI development. Attention has 

focused particularly on the areas of batch and interactive 

languages, display, input and output devices and 

techniques, and specific application areas (Ramsey and 

Atwood 1979). Historically the emphasis of HCI has been 

represented by hardware issues, such as, keyboard design, 

physical properties of displays, and input/output devices. 
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Shneiderman (1987) advanced these additional hardware 

approaches: large, high resolution displays; rapid response 

time; fast display rates; novel pointing devices; and 

speech input and output. Shneiderman (1987) submitted as 

significant computer system characteristics several 

software techniques, including the following: menu 

selection techniques; command, parametric, and query 

languages; use of graphics, animation, and color: direct 

manipulation; natural language facilities: error handling, 

messages, and prevention: and screen formatting. 

The Tasks. In evaluating the interaction between 

users and tasks, it is critically important to choose tasks 

that are typical of real uses (Lewis 1987). Rubinstein and 

Hersh (1984) promote task analysis as the first step in the 

design process, in order to find out who the users are, 

what they do now, and what the new system is expected to do 

for theme Other issues related to tasks that should be 

considered are (1) how users learn the system, (2) where 

tasks are performed, (3) the time pressure, or time 

constraints, in performing the task, (4) how frequently the 

task is performed, (5) the users' involvement in the task, 

and (6) the complexity of the task (tree like structure and 

menuing). 

Lewis (1987) emphasizes the need for an iterative 

approach to designing usable software systems. This 
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iteration begins with (1) understanding the user 

requirements, (2) setting measurable objectives, (3) 

creating an initial design (e.g., prototype), (4) measuring 

the "goodness" of the implementation, and finally (5) 

redesigning, or improving the original design, based on the 

information gained during the measurement phase. This 

iterative "spiraling" design cycle is crucial to building 

proven, usable systems, and measurement feedback is 

absolutely necessary in order to know the worthiness of the 

design. This nl'aed to "measure design success and plan for 

redesign" and the "need to understand users and their 

tasks" are two features that uniquely distinguish managing 

for usability from other software development tasks (Lewis 

1987). 

The previous discussion highlights how critical it 

is to fully understand (1) the user and (2) the tasks to be 

accomplished by the user. The computer system, in this 

case, is primarily a vehicle by which the users accomplish 

their tasks. Identifying the user of a system, in detail, 

is very important (Lewis 1987: Rubinstein and Hersh 1984). 

Know thy user. Different background, skills, work habits 

and preferences, and physical characteristics potentially 

have a significant impact on the way the user interacts 

with the system (Rubinstein and Hersh 1984). Given an 

adequately defined user, it is necessary to identify what 
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specific tasks this user is to accomplish using the system. 

It is though understanding how this user interacts with the 

systems in completing these tasks, that the issue of 

usability can be evaluated alld measured. 

A system designed for one specific type of user t:~ 

accomplish one specific type of task, is probably the 

easiest to define and build. A generic system, that is, a 

system designed to be used by the general public (e.g., 

word processors), can be far more difficult. This is 

because no generic view can fit all user implementations 

and applications (Lewis 1987). 

The remainder of this chapter is divided into three 

major sections corresponding to the three experimental 

dimensions used in this research. These sections are: (1) 

user interfaces, (2) documentation, and (3) user 

experience. 

User Interfaces 

A basic premise by Rubinstein and Hersh (1984) is 

that "using a computer should always be easier than not 

using a computer." with a well designed user interface, 

the "interface" almost disappears, or is not consciously 

perceived by the users, allowing them to concentrate on 

task, not interface. In this way the tasks can be carried 

out by the user, almost effortlessly, with a feeling that 

the computer is invisible. This is in direct contrast to 



many typical scenarios in which users have work to do, but 

perceive the computer as an intrusion or interference with 

their work. 
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One of the most active areas of HeI research is the 

application of artificial intelligence (AI). The AI 

approach provides us with the ability to store and maintain 

a user profile, consequently the system can adapt to the 

experience level of every user, remembering each user 

individually and responding accordingly. Personalized user 

interfaces have been proposed as a means of making systems 

intelligent and adaptive to the user (Rich 1983; Kou 1985; 

Lam and Greenstein 1985; Fjeldstad and Konsynski 1986). 

Traditionally, the responsibility for designing the 

user interface has been left to the system designer. There 

are some concerns as to whether this self selected group is 

qualified to anticipate what users will need to know and 

do. There is a growing belief (Rubinstein and Hersh 1984; 

Lewis 1987) that the only way to understand user 

requirements is to let representative users work with an 

implementation (prototype) and see what happen.s. It is not 

enough to simply "ask" users what they want. 

A major problem is that system designers "are people 

too," and therefore feel they are qualified to anticipate 

what other people will need (Lewis 1987). They tend to 

think of User Interface (UI) design from their own 
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perspectives, and overlook how sophisticated they 

themselves are as users. It is difficult for most 

experienced users to anticipate the problems that will be 

encountered by naive users. Designers frequently neglect 

to understand users because it is fundamentally easier to 

develop their ideas in a vacuum than to expose them to the 

realities of the world (Lewis 1987). From the designer's 

point of view, it is both easier, cheaper, and less time 

consuming to ignore the users. Meister (1976) noted 

however, that if the system is to be effective, the system 

goals must be compatible with the needs and capabilities of 

the individual user. The problem is that traditionally 

interactive systems have acquired their characteristics 

from the goals adopted by its designers, and these goals 

have not be based on scientific performance measures by 

representatives of the user group. 

During the early days of computing, the users of 

computer applications were usually those who generated the 

systems, thus they were very knowledgeable about their use. 

It was with the emergence of decision support systems (DSS) 

and strategic planning system software, and the 

corresponding benefits that it offered middle and top level 

managers as end users (e.g., "what if" analysis), that 

escalated user interface issues into a position of 

increased importance. Efforts increased to design systems 
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that were "friendly," natural, and intuitive. systems that 

had safeguards against human errors were referred to as 

"well-behaved." User aids, such as user reference manuals, 

user documentation, tutorials, and online help began to 

appear, and their value became more respected. 

Sprague and Carlson (1982) called for a supportive 

environment b6tween the computer system and users. A 

method frequently used to provide for this supportive 

environment is the user interface shell or the 

environmental manager, especially in the microcomputer 

market. The goal of a UI is to provide for one or more of 

the following; ease of use, ease of learning, a uniform 

user interface, and to make it easy to switch from one 

application to another. The goal is to make it easier for 

the user to "take action." The user interface determines 

how the user will interact with the system and if it is 

sufficiently poor it can cripple whole ranges of use. 

Card, Moran, and Newell (1983) noted that what was most 

noticeable about existing interfaces, besides all the 

little ways they fail, is that their failures appear to be 

unnecessary. 

Interface design has become more complicated as more 

computing power, functionality, and flexibility have been 

added. The complexity and functionality of a user 

interface can vary, but its basic purpose is to sidestep 



the complexities of the operating system, usually 

accomplished by extensions to the operating system (e.g., 

MS-Windows, TopView, NCR User Interface, and GEM). The 

remainder of this section details several major areas of 

concern in the design of user interfaces including: the 

concept of functionality; presentation of a taxonomy of 

interactive assistance methods; and a comparison of 

interactive assistance methods. 

The capabilities offered by an assistance interface 

(AI) can range from simple command assistance to elaborate 

and detailed tutoring. In general, a well designed 

assistance system will help users make more productive use 

of all components of a computing system while helping to 

relieve anxiety and to promote acceptance of the system 

(FencheI1981). Walther and O'Neil (1974) hypothesized 

that a user's attitude toward an interactive system has a 

significant impact on the use of the system and the 

combined productivity of the system and the user. This 

suggests that a quality assistance system serves not only 
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to promote user acceptance of the system but also to reduce 

user anxiety. 

Taxonomy of Interactive User Interface 
and Assistance Methods 

Several forms of interactive assistance have been 

developed over the past years in an attempt to redu~e 
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training, reduce memorization of commands and structure the 

user's decision making process (Shneiderman 1986). The 

following taxonomy of interactive user interface and 

assistance systems has been derived by combining some of 

the categories presented by Fenchel (1981), RelIes, 

Sondheimer, and Ingargiola (1981), Rubinstein and Hersh 

(~984) and Houghton f1984), and presented in greater detail 

by Smith (1985): 

1) Command: Probably the most common form of 

interaction between the user and a system. Command 

languages are special purpose languages that require the 

user to have specific familiarity with its language, 

vocabulary, and syntax. The user specifies actions to be 

performed in an abstract way, talking to the computer 

through the command language. The major advantage of the 

command language is that once learned, the user has power 

over the system. Primary disadvantages are that the 

preliminary learning time is great and that command 

languages can differ greatly from system to system 

(Nickerson 1986). 

Requests for command assistance can be invoked by 

entering a special command like HELP or EXPLAIN, pressing 

an explanation key, or typing a question mark (RelIes and 

Prince 1981). These systems generally provide only 

reference assistance of the type that would be found in a 
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manual. Systems such as the VAX/VMS allow entering a 

keyword on which specific information is desired. An 

example of this is HELP PRINT, which would result in a 

brief explanation of the print command followed by a list 

of possible parameters that can be specified along with the 

print command 8 This allows the user to walk through the 

help facility in a hierarchical path or query-in-depth 

fashion, getting more and more specific information. 

2) Contextual/Command: This is similar to the command 

mode described above, except that the system keeps track of 

where the user is within the system, and offers help based 

on that context. 

3) Menu Selection: This mode is intuitively familiar 

to most users, presenting a menu of options to the user on 

the terminal screen~ from which they may select a 

particular option by specifying a character associated with 

that option. Frequently, menu-based systems are built on a 

hierarchical structure of menus. Menu-based systems effect 

the extent to which the computer leads the user through 

interaction (Nickerson 1986), by providing a list of 

options from which the user can select. The menu mode is 

similar to the command mode, but offers an advantage in 

that the user does not need to know specific terms from 

memory, thus reducing the user's memory load. Gilfoil 

(1982) presented experimental evidence comparing the menu 
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and command modes, as they pertained to the use of help 

facilities. The results showed that the use of the 

menu-based systems decreased over time, in the direction of 

the command mode, at which time the use of the help 

facility jumped abruptly, and then decreased again over 

time. Gilfoil surmised that the help facility made it 

possible for users to quickly make the transition to 

command mode (Gilfoil 1982). Dumais and Landauer (1983) 

stress that the successful use of menu-based systems 

depends critically on users understanding the category 

names and partitions designated by the system designer, 

such that there is not a mismatch between system designers' 

and users' interpretation of category name. In addition, 

the classification scheme can become confusing when there 

are overlapping and fuzzy categories. The primary 

disadvantage of menu-based systems is that they are often 

slow, especially when several menus must be traversed in 

order to get to a specific command, particularly when the 

command is already known in advance. 

4) Prompting: If an incomplete or incorrect command is 

detected, rather than issue an error message, the system 

determines basically what the user was after and then 

prompts for the missing information. The system prompts 

only for the parameters that were "omitted." If all the 

parameters were omitted, the system prompts for all. This 



is a form of "hand-holding" that is helpful to the novice 

and expert (who forgets or mistypes) alike. 
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5) Direct Manipulation: These interfaces represent 

objects that users act upon directly (Shneiderman 1982). 

Usually these implementations employ a pointing device used 

to directly manipulate objects on the terminal screen in 

real time. The major advantage is that these interfaces 

help the users create concrete, literal conceptual models. 

It is the mapping of objects on the interface screen to an 

already familiar external myth (e.g., desk top metaphor) 

that helps to make this a very intuitive form of user 

interface. These interfaces make strong use of graphics. 

Popular implementations include the Xerox star, the Apple 

Lisa, and Apple Macintosh. 

6) Tutorial: This is particularly effective for 

introducing a new, inexperienced user to an interactive 

computing system. Rather than just provide a list of 

commands and/or options to select from (none of which the 

user may understand), the user is guided through a set of 

lessons that introduce a variety of system functions and 

provide experience interacting with the system. This most 

likely would be some form of computer-assisted instruction. 

Fenchel (1980) stressed that the user must be informed (and 

encouraged to believe) that no user actions can have a 

negative impact on the system. 
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7) Online Documentation: This approach simply makes 

the traditional user documentation (manual) available 

online. An example of this is the capability within UNIX of 

the command "man," which retrieves a copy of the actual 

written manual. This could be from one to several pages. 

8) Peer (Anecdotal): Fenchel (1981) developed a 

category termed peer assistance which is a collection of 

information provided by previous users of the computing 

system. The philosophy of this type of help is that a 

good, helpful environment stimulates development of 

improvements to the environment. Care must be taken to 

validate the accuracy of this form of user provided 

assistance before adding it permanently to the file. 

9) Expert or Intelligent Online: Expert assistance 

attempts to provide some of the advice that an expert human 

user might provide if one were available. Research in the 

artificial intelligence community on expert systems is 

contributing to the development of systems that provide 

expert assistance (Shortliffe 1976). The techniques 

implemented here are often based on a model of ideal 

behavior that is compared with a user's actual behavior. 

With an intelligent assistant, an intelligent agent figures 

out (without bothering you) what information (help) you 

need, and explains to you what you need to know (RelIes and 

Prince 1981). 
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Rubinstein and Hersh claim that there is not one 

style of user interface that is automatically superior to 

another. Instead, they feel that the styles mix freely, 

and that the correct combination depends on the job and the 

user (1987). 

other Issues Concerning User Interfaces 

Issues in choice of level of verboseness, system 

complexity and ease of use are discussed below. 

Level of Verboseness. Several researchers have 

argued for dialogue flexibility such that the level of 

verboseness varies with users' levels of experience (Ramsey 

and Atwood 1979; Walther and O'Neil 1974). Studies have 

shown that highly flexible dialogues help very experienced 

users, but degrade performance of moderately experienced 

computer users to a significant degree, especially by 

increasing error rates (Walther and O'Neil 1974). 

Consequently, several researchers have proposed systems 

that vary the level of verboseness by user experience 

(Ramsey and Atwood 1979; Girill and Luk 1983; Sha~~a and 

Gruchacz 1982). 

System Complexity. Important issues in addressing 

system complexity include deciding on the optimal number of 

dialogue alternatives and finding ways of reducing the 

dialogue structure to this level. There definitely seem to 

be small limits on our capacity for dealing with large 



numbers of conceptual objects (see for discussion, Miller 

1956), but these limits are extended by a phenomenon known 

as "chunking" (Dorris, Sadosky and Connolly 1977). 
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Baker and Goldstein (1966) provide experimental 

evidence to support that the smallest possible command set 

is the most efficient Similarly, Weizenbaum (1976) 

contends that many users are intimidated by a system that 

contains more features than they know how to use. That is, 

the inclusion of features not needed for a task interferes 

with task performance (Ledgard, Singer, and Whiteside 

1979). One method employed to control complexity is to 

impose a tree structure on the dialogue. This reduces the 

number of alternatives at any point, but increases the 

complexity of dialogue structure (Carlisle 1974). Mooers 

(1983) detailed this hierarchical structuring as "great for 

organizing things you know about but much less useful for 

finding things you don't know (p. 88)." He found users 

were confused while trying to traverse the tree structure. 

If it is necessary to provide more help script detail, the 

information can also be structured using the query-in-depth 

design technique discussed in a subsequent section. 

Ease-of-Use. Ease of use can mean different things 

to different users. Recent efforts in software design have 

tried to free users from the need to learn formal 

programming languages, such as, BASIC, Pascal, COBOL, and 



APL, allowing them to focus on higher level, more abstract 

application environments, such as, Lotus 1-2-3, FOCUS, and 

IFPS. In this way the user's focus is not distracted from 

the business problem by the algorithms needed to do the 

underlying computations. 

67 

Games Interfaces. Many traditional HCI 

implementations and guidelines could benefit from a closer 

observation of many popular arcade and video games. Most 

of these games provide very rich user interfaces by making 

extensive use of computer graphics and animation. Lewis 

(1987) points out that "(1) nobody has to put a quarter 

into a video game, (2) nobody takes a video game manual 

home, and (3) video games must be fun, or nobody would play 

them." There is no reason that many of these same 

approaches could not be used to "entice" traditional system 

users, in more mundane applications. 

Carroll (1982) observed the interaction between 

players of the computer game, Adventure. They noted that 

it is interesting that users frequently have difficulty in 

completing tasks at a computer, such as text editing, yet 

when faced with complex, cognitively demanding computer 

games, they seem to overcome these problems. They 

suggested that there may be certain characteristics of the 

situation which stimulate learning in the one case and 

cause obstacles in the other. Carroll (1982) suggests that 



the following differences might be significant, when 

comparing the game of Adventure to a text editor: 

1) In Adventure a player cannot issue a command that 

does not elicit some message from the system. This is not 

true of the text-editing systems Carroll studied. 

2) In Adventure it is impossible for the player to do 

anything that aborts the game or leaves the player unable 

to get a response from the system. with the tey.t editors 

it was possible to get hung up and unable to continue. 
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3) Adventure is supposed to be fun; whereas the use of 

a text editor is not. 

Carroll questions whether it really is "easier" to 

learn to play a game like Adventure than to learn to use 

software tools such as text editors. Perhaps the 

difference is primarily a motivational one: the learner is 

more willing to invest the required cognitive effort in the 

one case than in the other. Carroll makes the interesting 

observation that in our culture there has traditionally 

been a sharp distinction between work and recreation. Work 

is not expected to be fun. Undoubtedly, in the view of at 

least some people, work not only is not expected to be fun 

but "should not" be fun (Carroll 1982). 

Documentation 

One of the primary dimensions of interest in this 

research is the use of written versus online documentation. 



While some believe that online assistance, online 

documentation or online help (Borenstein 1985) is but a 

subsystem of a user interface design, this research 

approaches it as a separate component, closely integrated 

with the entire user interface. 
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As indicated earlier, in evaluating the usability of 

a system, it is essential that the entire system be 

included in ~he evaluation. Documentation is frequently 

overlooked in the evaluation process, yet it can have a 

significant impact in the overall, effective use of the 

system (Lewis 1987). 

This is a fundamental problem of communication; how 

to get information to the user when it is needed and in a 

form that is understandable. It is important to keep in 

mind that the primary purpose is to provide specific 

information necessary so tha't the user can carryon with 

the task at hand. 

Certainly simplicity is a virtue in the user 

interface of any program, but it is vital for a help 

system. Typically, a help system is never used for its own 

sake but only as a tool to aid in the use of another 

system. It is therefore used by people in a hurry, often 

total novices, often already very frustrated, who have 

absolutely no desire to learn any more than the bare 

minimum about the help system itself. One design goal 
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might be that the "best" help system is one that when 

invoked, is so subtle that the user is not "too" 

conscientious that they have even used it (Borenstein 

1985). In other words, the help system is used without the 

user realizing it. 

Fortunately, the importance of system documentation 

has become more visible in recent years, as recognized by 

the increased research activity concerning it (Borenstein 

1985; Haas and Hayes 1986; Houghton 1984; RelIes 1979; 

Dunsmore 1980; Gilfoil 1982; Patterson and Evitts 1981). 

The following sections detail the terms: (1) 

written, (2) paperless, and (3) online documentation and 

online help; discuss the advantages and disadvantages of 

online documentation; and provide a comparison of written 

and online documentation. The documentation section 

concludes with a discussion of the effects of quality of 

the online documentation text and other issues in online 

documentation 

written Documentation 

written documentation is the traditional method of 

communication for system and software related manuals. The 

conventional sources of information have been (1) manuals 

(training materials), (2) human consultants (learn from 

another person), and (3) what RelIes and Price (1981) refer 

to as "tutorial graffiti" that adorn so many terminals and 



their adjacent walls. Manuals vary in their coverage of 

the subject and in the intended reader. Traditionally, 

most computer manuals have been written for those that 

already understand computers to some extent. Some 

conventional forms include; (1) introductions (tutorials), 

(2.) advanced (users' guide, reference), (3) hardware 

manuals, (4) computer science lessons, and (5) system 

policy statements. 

Paperless Documentation 

An effectively designed user interface frequently 

will offer the added benefit of a reduced dependence on 

written documentation. This may be because (1) the 

interface provides the user with a more intuitive and 

straightforward technique (e.g., assist by structuring the 

user's decision making process) for accomplishing tasks 

(e.g., Apple MacIntosh), or; (2) the interface may provide 

for the needed documentation online. Thus, online 

documentation can be viewed as a subset of paperless 

documentation. 

The purpose of this research is not to suggest that 

written and print documentation should be completely 

replaced with online documentation. Rather this research 

is interested in ways that online documentation can reduce 

and supplement written documentation. 
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specifically, one means of eliminating dependence on 

written documentation is through the use of online 

documentation and online tutorials (Caruso 1970; Goodwin 

1974; Kennedy 1975; Mayer 1967; Morrell 1967; Nickerson 

1986). In this way the same system is used to access 

assistance information about using the system, as that used 

to complete the tasks. 

Online Documentation and Online Help 

Because this research investigates methods of 

representing documentation in a paperless fashion, and 

because it deals with the documentation of computer 

software products, the most likely place to store this 

documentation is "online." The term "online" means that 

the documentation will be stored on the computer, in a 

database, within the code, in a tutorial, or some other 

form of a file. In this research "online" help systems 

refer to computer software that has as its primary function 

the task of providing the user with information that will 

assist him in the use of some other software system. 

Online help facilities provide a.range of assistance 

capabilities, from simple command assistance to elaborate 

and detailed tutoring. RelIes (1979) discovered after a 

review of several existing online aids that there was 

little consensus on what constitutes "help" for a user. 
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Frequently, help systems are an afterthought, 

quickly and hastily constructed and only marginally 

integrated into the larger system. Programmers like to 

program. They are not so fond of documenting their code, 

and even less fond of writing documentation for the final 

users of the systems. Online help, it would appear, is yet 

still lower in the hierarchy of the programmer's favorite 

activities (Borenstein 1985). Ramsey and Atwood (1979) 

suggest that in order to increase the usefulness of systems 

to end users, the designer must take into account, from 

early in the design process, the user's needs and 

capabilities " 

Borenstein (1985) asserts that the single most 

important criterion by which a help system should be judged 

is the degree to which it facilitates the accomplishment of 

a particular task by a user who did not previously know how 

to accomplish the task (e.g., a performance criteria). 

Walther and O'Neil (1974) hypothesized that a user's 

attitude towards an online system strongly impacts the use 

of the system and the combined productivity of the system 

and the user (e.g., an attitudinal criteria). This 

suggests that a quality assistance system should not only 

enhance user task performance, but also promote user 

acceptance of the systeru and help to relieve user anxiety 

(FencheI1981). Winbrush and McDowell (1980) found that 
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both improved performance and attitudinal measures 

accompanied increased measures of clarity, conciseness, and 

convenience of IBM documentation, in trial tests with 

users. 

This is not to suggest that the strength of a high 

quality user assistance system alone would make an 

interactive computing system effective. As previously 

indicated, the computing system must provide needed 

functionality to its users and provide an easy path by 

which to access the functionality and to accomplish tasks 

(Fenchel1981). 

Many forms of written documentation are beginning to 

be implemented as some form of online documentation. Two 

forms of online help are common. These are online 

tutorials and online reference documentation. Following 

are descriptions of each. 

1) Online Tutorials: Online tutorials are helpful in 

getting started with an unfamiliar system. Getting started 

is frequently the most difficult problem for the new user. 

When confronting a new system, the amount and depth of 

information provided is usually overwhelming. A layered 

presentation approach can be used in order to decrease the 

"noise" and reduce overload. In this way designers can 

carefully define the level and amount of information to be 

presented to the user. Care must be taken so that the user 



is not "drowned" with new information and so that needed 

information is not buried so deep it canVt be found 

(Houghton 1984). 
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2) Online Reference Documentation: This type of 

online help is basically a reference manual offered online. 

The depth of material needed by the user is invariant, and 

is dependent on the experience level of the user. It is 

usually accessed for specific informational requests. 

Typical implementations offer information as full screens, 

such that the original context is temporarily lost. 

RelIes, Sondheimer, and Ingargiola (1981) found that 

conventional assistance systems are inadequate and are 

difficult to compare because they vary along many 

dimensions. They categorized four major software-related 

features of online assistance systems (RelIes and Price 

1981, p.1): 

1) Access Method - the way users can construct or 

enter requests for assistance; 

2) Data Structure - the manner in which different 

portions of assistance information are related to each 

other; 

3) Software Architecture - how assistance requests and 

their responses are communicated among a user, an operating 

system, application programs, and the assistance database; 

and 



4) contextual Knowledge - how much information is 

retained about the assistance environment, including the 

user, the application, and the tasks being performed. 

Advantages of Online Documentation 
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Before giving too much consideration to eliminating 

paper documentation, it is worth evaluating some of the 

benefits this will achieve. Some of the benefits of online 

documentation follow: (l).information is readily accessible 

when needed, (2) it can be used by people who need rapid 

access to the few facts that will enable them to perform a 

specific task, (3) online assistance can easily follow a 

chain of cross-references that would otherwise require 

considerable physical and mental dexterity with a written 

manual (RelIes and Prince 1981), (4) it is less expensive 

to produce and distribute than printed documentation, (5) 

it may prove to be easier to maintain than printed 

documentation, by offering online updat.ing, (6) eliminates 

the impersonal printing of copies (bulk) in advance of 

need, (7) it spares the need to stockpile unnecessary 

hardcopy in a traditional library, and (8) potentially 

offers on-demand, personalized printing (from online master 

storage file), which makes it possible for users to pay 

according to actual needs. 

More generally, Branscomb (1983), the IBM vice 

president and chief scientist, described the advantage of 
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moving away from written documentation, "It should be no 

more necessary to read a 300 page book of instructions 

before using a computer than before driving an unfamiliar 

automobile." Three hundred pages of documentation can be 

very intimidating to both the novice user and the 

experienced user approaching a new system. The benefits, of 

eliminating the need for such documentation seem obvious. 

Shackel (1984) presents a longer term approach to 

this question of "the passing of paper" when he lists this 

as one of the five most important issues facing man 

concerning the information age and the importance of human 

factors. 

Disadvantages of Online Documentation 

There are some problems that are introduced when 

help documentation is offered online, such as the (1) 

amount of text available at once, (2) speed in moving 

through the text, (3) need to see the text as it will 

appear in finished form. possible solutions suggested are: 

(1) advanced computers, (2) larger screens, (3) improved 

resolution (Haas and Hayes 1986) 

Girill & Luk (1983) examined four basic 

documentation problems as they related to an interactive 

online documentation generator program referred to as 

DOCUMENT. They were primarily interested in the problems 

relating to a delivery system for user documentation, but 
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the problem categories need to be addressed in any 

paperless documentation task. The problems areas that they 

defined were as: follows (Girill & Luk 1983): 

1) Access Problem: This is the problem of handling 

requests for information and of "finding topic-oriented 

passages that actually answer questions." 

2) Publication Problem: This concerns "transferring" 

copies of documents to those who need them. 

3) Administrative Problem: This addresses the 

requirements of a workable, economical framework to support 

one's choice of access and pUblication methods. Any 

administrative framework must address (1) the durability 

(for users), (2) the maintainability (for staff), and (3) 

the affordablity (for management). 

4) Quality problem: Is concerned with providing users 

with readable, well-organized, up-to-date explanations. 

Comparison of Online and written Documentation 

It must be recognized that these two media answer 

different needs and in some cases address different 

audiences. There are trade-offs between traditional 

written documentation (user's manuals, guides, references) 

and online assistance. This research is interested in 

investigating the issue of whether automated aids can 

replace manual documentation. If not, the next logical 
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question is if we can replace traditional documentation for 

certain user classes (Houghton 1984). 

written documentation has several advantages when 

compared to online documentation, such as (1) it can be 

read cover-to-cover, (2) it can be read in advance by those 

about to use a system for the first time, (3) it can be 

read by those who wish to review a systems' capabilities, 

(4) it has the ability to easily handle different forms of 

representation; tables, graphics, diagrams, multiple fonts 

and more general illustrations, (5) books are easier to 

move than terminals, (6) printed pages often hold more 

information than most screens, (7) it is usually easier (or 

more intuitively understandable) to turn pages back and 

forth than to page between screens, and (8) printed 

characters are easier to read. Specifically, human factors 

research has shown that reading from a computer screen is 

slower and less efficient (e.g., less accurate, locate 

fewer errors) (Hansen, Doring, and Whitlock 1978: Gould and 

Grischkowsky 1984; Wright and Lickorish 1985; and Haas and 

Hayes 1986, Muter et al. 1982). Nevertheless, as indicated 

earlier, online documentation has several advantages over 

written. 

Several major problem areas and topics are 

encountered when trying to reduce the amount of printed 

documentation that accompanies software products. How much 
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can we reduce printed documentation (e.g., user's guides, 

reference manuals, tutorials) while still offering the end

users effective and efficient use of the product? What 

form will this paperless documentation take: online help, 

software tutorials, online command assist modes, friendly 

'shells or scripts, computer games, cassette tapes, VCR 

tapes, video disks, interactive video disks? What effect 

will user experience (novice or expert) have on the type of 

assistance offered? 

Any comparison of written and online documentation 

must examine specifically the effects of online help. 

There have been very few experiments aimed specifically at 

examining the effects of online help. 

Despite the ever increasing usage of online 

assistance facilities and its apparent acceptance by end

users, the small number of experiments that have been 

performed relating to paperless documentation have not 

shown positive results. Dunsmore (1980) showed that users 

of online information performed poorly when compared to 

those who used written information. His conclusions were 

that online documentation took valuable time away from 

problem solving, which was the original problem to be 

solved in the first place. 

Relles (1979) performed some experiments that showed 

that online aids adversely affected the performance of 
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inexperienced users. His study also showed that more 

experienced users (computer literate) performed better with 

online aids. On a positive side, Girill and Luk (1983) 

studied the effects the DOCUMENT delivery system had once 

it was implemented. Their findings show a 66% reduction in 

paper reproductions of new write ups. They also showed 

what appears to indicate end-user acceptance of online 

documentation. Specifically, between 1977 and 1981 as the 

actual number of written pages increased from 12,000 to 

370,000, the ratio of printed pages versus pages viewed 

online decreased by 40%. They proposed that with respect 

to their interactive online documentation system, users 

often used it to PREVIEW what they eventually decided they 

wanted printed, rather than only viewing the documentation 

on their terminal screens. 

The issue of online versus written documentation is 

far from resolved. Results of available studies are 

difficult to compare because of different implementations. 

Thus, it would appear premature to draw conclusions from 

only the findings of Dunsmore and RelIes. 

Quality of Online Text 

Research by Borenstein (1985) and Hass and Hayes 

(1986) suggests that the quality of help texts is 

significantly more important than technical implementation 

dimensions (e.g., access mechanisms). Houghton (1984) 



82 

presents several variables that relate to text and affect 

its usability. Some of these are; (1) confronting the user 

with a solid block of text, (2) pitching the reading level 

too high, and (3) telling the user to do something from 

within a help mode that must be exited before execution can 

begin. This latter variable can be confusing, because the 

user is likely to attempt an action suggested in the help 

mode immediately, before exiting. 

Haas and Hayes (1986) compared subjects reading text 

displayed on a computer terminal screen and on a printed 

hard copy. They found some recurring complaint areas by 

the users, including; (1) difficulty in reading the text on 

the screen, (2) difficulty in "getting a sense of the 

text," and feeling "the text's center of gravity," and (3) 

a lack of "intimacy" with text presented on the computer, 

as compared with spreading out several sheets of paper in 

front of them. 

Reading Level. Subjects prefer a low level of 

difficulty for tutorials and online help (Houghton 1984; 

Haas and Hayes 1986). When offered a choice between 5th, 

loth, and 15th grade levels for tutorials, subjects 

preferred the 5th grade level (Haas and Hayes 1986). 

Flesch (1974) proposed a readability index to evaluate text 

level. 
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Screen Size. Haas and Hayes (1986) found that there 

was a significant difference in user performance when text 

was presented on a large screen (50 lines) versus a small 

screen (24 lines), but that there was no significant 

difference between a large screen and hard copy. Patterson 

and Evitts (1981) suggests some special writing techniques 

to prepare documents for online retrieval systems with 

screenload display units • 

Screen Resolution. Displays with low resolution 

appear to limit readers' performance (Haas and Hayes 1986). 

User Experience 

Rockart and Flannery (1983) referred to computer 

end-users as such a diverse set, that there is no single, 

stereotyped subject with a single defined set of 

characteristics. It is this individuality of human beings, 

with different capabilities, that must be addressed to 

bring computer usage to those with no prior computer 

experience. Researchers have proclaimed that computer 

systems should be more acceptable to a larger range of 

u~ers (Shackel 1969; Newman 1978; Edmonds 1981; Sasso 

1985). 

computer end users differ on many variables: level 

of experience using computers (Shapiro and Kwasny 1975; 

Ledgard, Singer, and Whiteside 1979; Schneider, Wexelblat, 

and Jende 1980; RelIes and Price 1981), job classification 
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(Nickerson and Pew 1971; Eason, Damodaran, and stewart 

1975; Eason 1976; Alter 1977; Ramsey and Atwood 1979), 

prior computing experience (~estingsmeier 1985), 

educational level, sex, intelligence, motivation, 

appearance (Ledgard, Singer, and Whiteside 1979), 

diligence, problem solving ability, interpersonal skills, 

logical and analytical skills (Bellardo 1984), quantitative 

and qualitative differences (Adelson 1984), problem solving 

approaches (Carlson, Grace, and Sutton 1977), and typing 

ability. It is not practical to control for all the above 

mentioned variables in an experiment, therefore it is 

necessary to pick one or two that have the highest 

probability of showing some results, based on previous 

research or theory. Researchers have devised several 

methods for classifying computer users into subset 

categories. The following section provides further details 

on these methods. 

various Methods of Categorizing Users 

Kroenke (1984) categorized people involved with a 

business computer system as (1) systems development 

personnel, (2) operations personnel, (3) system users, and 

(4) systems clientele. Lorette and Walton (1985) 

classified personnel organizationally, as: (1) designers, 

(2) developers, (3) producers, (4) sellers, (5) purchasers, 

and (6) clients. These classification schemes are 



concerned with all different types of people that come in 

contact with computers. For the purposes of these 

experiments, primary concern is with actual users of the 

systems. That is, those that come in contact and use the 

computer. 
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McLean (1979) classified data processing 

professionals along the dimension of writers and users of 

code, as (1) data processing professionals who write code 

for others, (2) data processing amateurs who write code for 

their own use, and (3) non-data processor trained users who 

use codes written by someone else. The CODASYL end-user 

facilities committee (1979) defined end users into three 

classes: (1) indirect - end-users who use computers through 

other people and have no direct link with those who wrote 

the applications, (2) intermediate - end users who specify 

business information requirements for reports they 

ultimately receive and are direct links with developers of 

the applications but not with the computers, (3) direct -

use the terminals and interact directly with the computer. 

Martin (1982) categorized programming end users as: (1) 

users who use but do not create applications, (2) 

nonprogramming users who use simple application generators, 

(3) programming end users who write code. 

While the above classification scheme may have been 

appropriate for the late 1970's, there is some question of 



its value given the current state of the art. The 

emergence of software that is aimed directly at end users, 

designed with flexibility and intended to be tailored to 

each individual, has reduced many of the problems 

associated with earlier systems. 

Rockart and Flannery (1983) developed a 

86 

finer-grained classification scheme with respect to 

functional departments, data processing centers, and 

various levels of organizations. They classified direct end 

users as: 

1) Nonprogramming end users - have access to 

computerized data through a menu-driven environment or a 

strictly followed set of procedures. Their user software 

is provided by others. 

2) Command level users - perform inquiries and simple 

calculations on their own. They understand the available 

database(s) and are able to specify, access, manipulate, 

and generate reports. They frequently learn just enough 

about the system to perform their specific tasks. 
) 

3) End user programmers - utilize command and 

procedural languages directly for their own personal 

informational needs. They develop there own applications, 

some of which may be used by others. This latter use is a 

by-product, with their primary purpose being to produce 

personal results. 
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4) Functional support personnel - These are 

sophisticated progran~ers supporting other end-users, 

within their particular functional area. They frequently 

become "local experts" within their peer groups. They are 

not data processing professionals, but rather professionals 

within their specialized field (e.g., finance). 

5) End user support personnel - most often located in 

a central support organization, such as an "information 

center." Most are fluent in end user languages, provide 

assistance to end users, and frequently develop support 

software. 

6) Data processing programmers - similar to the 

traditional COBOL shop programmer except that they program 

in end user languages. within some organization, they act 

as a central pool of in-house consultant / programmers. 

Several classification schemes have focused on the 

sophistication level of the user. For example, one 

classification scheme separates users into three major 

classes: (1) naive users, (2) managers, and (3) scientific 

and technical users, recognizing that the needs of the 

users can differ widely (Nickerson and Pew, 1971; Eason, 

Damodaran, and Stewart 1975; Eason 1976; Alter 1977; Ramsey 

1979). 

1) Naive users tend to be a heterogeneous group that 

can benefit from computer-initiated dialogue and tutorials. 



since they have had little or no prior experience with 

computers they also lack the mental models of the computer 

system that provides them with a map of where they are at 

(Ramsey and Atwood, 1979; Revesman and Greenstein 1983; 

sayani 1976: Treu 1975). 

88 

2) Managers tend to be decision-makers, therefore they 

have considerable discretion over their use or non-use of a 

system. Their information needs are highly variable. They 

want to use the system in order to receive certain benefits 

(e.g., better, cheaper or faster solution), but are 

unwilling to tolerate high startup costs. This group may 

use an intermediary when using the system, thus becoming a 

'~distant user." Others have referred to this intermediary 

as a programmer "middle man" (McLean 1979) and a 

"chauffeur" operator (Carlson, Grace, and sutton 1977) • 

3) scientific and technical users, are characterized 

as critical of existing systems, whjch they frequently find 

to be inappropriate or inadequate. As a response to this, 

and based on their capabilities, they tend to become 

actively involved in tailoring the system to meet their own 

specific needs. 

Another approach to categorizing the sophistication 

level of users is simply by increased level of computer 

experience. This is considered a primary determinant of 

user performance in using computers. RelIes and Price 



(1981) emphasized that the experience level of end llsers 

may have a major impact on how they respond to an 

assistance system, and how the assistance system should 

respond to them. Several stratification levels have been 

proposed. The most elementary classification scheme 

consists of two levels. The experience level of the end 

user may vary from first-time naive (novice) users to very 

experienced (expert). Shneiderman (1987) noted the 

differences in these two extremes of users, recognizing 

that they had different individual characteristics, 

cognitive styles, personalities, and genders. 
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This dichotomy of novice versus expert user is 

insufficient to describe the needs of all users. Between 

these two extremes is the occasional user (casual) who has 

mastered the system once (or a similar type of system), but 

because of infrequent practice, sometimes forgets an 

essential item (RelIes and Price 1981). Shapiro and Kwasny 

(1975) have noted that even experts fall into the casual 

user category after not using a system for a period of 

time. 

Three levels were suggested by RelIes and Price 

(1981) to categorize user experience: (1) novice, (2) 

casual, and (3) expert. Schneider et ale (1980) proposed 

four levels of user experience: (1) novice, (2) 

intermediate, (3) advanced, and (4) expert. In each of 
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these categorization schemes users are categorized on a 

continuum from the most naive to the most experienced, with 

those in between constantly increasing in their level of 

experience. It should be noted that no matter what 

classification scheme is selected, technology and end 

users' characteristics will be constantly changing. 

Therefore, a migration of terms and definitions of 

classification of end users can be expected over time. 

User Mental Models 

There is evidence that there are systematic 

differences between novices and experts. Users with 

different levels of expertise will have different 

requirements from the system and may ask for assistance 

with varying degrees of frequency. Sharma and Gruchacz 

(1982) suggested that this was because novice and casual 

users have a low threshold of complexity. Sheil (1981) 

argues that computer skills, primarily programming skills, 

are radically different from the skills which most people 

already have. Many of the differences between novices and 

experts relate to the user's mental model of the computer 

system. Successful users frequently try to build their own 

mental models in order to help them understand what is 

going on within the system. In contrast, novice users 

(Moran 1981; Gentner and Stevens 1983; Rich 1983; Adelson 



1984; Weber 1984) may not have the tools to construct 

mental models in the same way as experts. 

91 

"A particular problem for n.ovices, is the lack of an 

appropriate cognitive framework that will serve to relate 

new information to existing knowledge (Jones 1984, p.777)." 

Mayer (1981) referred to existing knowledge in memory as a 

"schema" and the process of connecting new information to 

it as "assimilation." Ausubel (1968) uses the terms 

"appropriate anchoring ideas" and I~ ideational scaffolding" 

to refer to the process that a learner must go through when 

trying to integrate new material (via short-term memory) 

with existing knowledge (long-term memory). Novice users 

are unlikely to already possess useful prerequisite 

concepts - namely, for technical or unfamiliar material, in 

order to transfer to new situations (Mayer 1981). Adelson 

et al. (1984) state further that novice users have less 

than full access to their knowledge and are unaware that 

this is the case. 

On a task level, Adelson et al. (1984) reported that 

novice users have a "sketchy model," in that they always 

considered functions one at a time. They suggested that 

even though the novice may have understood each function in 

isolation, novices do not have a global view of the 

functions as inter-related elements. This lack of a global 

view is also supported by Soloway et al. (1982), who stress 
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that novices have yet to acquire the organizational 

framework that comes with "chunking." It is this grouping 

together of several subparts, that helps experienced users 

deal with the complexities that are inherent to computer 

systems. Adelson et ale (1984) went on to note that expert 

users' behavior demonstrates a better ability at imposing 

constraints on the problem. 

System designers can make it easier for users to 

learn the system, by making it easier for them to develop 

their own mental model of the system. That is, users can 

use the conceptual model of the computer, provided by the 

designer, to aid them in developing their own mental model 

(Bott 1979: de Boulay, O'Shea, and Monk 1981: Mayer 1981: 

Jones 1984). With this mental model, users construct an 

internal "road-mapu of the system, ·to help navigate through 

the system, and to know where they are in the process. A 

particular imperative in designing HCIs responsive to user 

characteristics is "to provide different ways for learners 

with very different backgrounds and experiences to be able 

to map new concepts and ideas on to what they already know 

(Jones 1984, p.782)." 

HCI Guidelines 

Several efforts have been undertaken to develop HCI 

guidelines for use by system designers, that can act as 

design guides or how-to-do-it documents. Design guidelines 
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exist (Engel and Granda 1975; Nickerson and Pew 1971; 

Ramsey and Attwood 1979~ Rubinstein and Hersh 1984), 

however, they are currently primitive (Ramsey and Atwood 

1979). Design is where the action is in the human-computer 

interface. It is during design that there are enough 

degrees of freedom to make a difference (Card, Moran, and 

Newell 1983). Engel and Granda (1975) produced a set of 

guidelines which addressed some of the dialogue issues and 

touched on display formatting. 

Ramsey and Atwood (1979) point out that there is 

inadequate information to support the development of highly 

quantitative "reference handbook" type guidelines. 

Relevant empirical data would include those derived from 

many studies, including many not specifically dealing with 

computer systems. 

Experimentation Issues in HCI 

Kraut, Hanson, and Farber (1983) claim that 

systematic research on the human interface to computer 

systems, when it is performed at all, is generally an 

after-the-fact evaluation of an almost finished product (p. 

120). Rubinstein and Hersh (1984) assert a simple 

philosophy to all system designers of user interfaces, 

which is, "you build it, you test it." Lewis (1987) adds 

that it is necessary to articulate the evaluation goals 

before the evaluation process, so that "goodness" can be 



measured. Many researchers feel that before turning 

systems over to end users, empirical, not subjective, 

evaluation is essential to determine usability. 
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In respect to experimentation in the HCI area, 

attention must be paid to issues concerning (1) behavioral 

experimentation, (2) analysis of user, (3) analysis of 

tasks, (4) analysis of treatments, and (5) analysis of 

measurements. In this particular experiment, other issues 

that had to be addressed were (1) interactive system design 

and dialogue issues, (2) menus, and (3) documentation. Of 

a more general nature, additional issues that might be 

helpful in helping us understand HCI issues are (1) system 

modeling and evaluation and (2) human-computer problem 

solving. 
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CHAPTER 3 

THEORY AND HYPOTHESES 

, 
This study proposes that the user's level of 

experience, the amount of user shell interface and the type 

of help documentation determine user performance and 

satisfaction while completing computer tasks. This section 

summarizes prior research (discussed in detail in the 

previous chapter) as regards the specific hypotheses of 

interest in this research. This section begins by 

reviewing research on the separate effects of user 

experience, user shell interface and type of help 

documentation on task performance and satisfaction and then 

develops specific significant relationships between these 

variables. 

The Relationship Between User Experience 
and Task Performance and satisfaction 

Previous research results are consistent on the 

relationship between user experience and task performance 

and satisfaction, suggesting that novice users will take 

longer to complete tasks, require more assistance and 

report more negative attitudes and lower levels of task 

satisfaction than experienced users (Adelson et ale 1984; 

Lewis 1987; Rubinstein and Hersh 1987; Meister 1976). 



96 

While considerable research has demonstrated this basic 

finding, much of this research has been based on a contrast 

between novices and experienced users (Ledgard, Singer, and 

Whiteside, 1979; Schneider, 1980; RelIes 1979; Dunsmore 

1980; RelIes and Price, 1981; Nickerson and Pew, 1971; 

Ramsey and Atwood 1979). A group of special interest to 

researchers in human computer interaction is the casual 

user group (Shapiro and Kwasny 1975; Cuff 1980). This 

group is of interest, first because it is probably the 

largest, fastest·~growing and most heterogeneous group. 

Although some studies have investigated this group, 

findings are inconsistent. Some research suggests the 

casual computer users behavior parallels that of 

experienced users (RelIes and Price, 1981). other research 

suggests that their behavior is more like novices (Cuff 

1980). There are reasons to expect that their computer 

interaction needs may be different from either group. For 

example, the casual user group includes individuals who are 

in a natural progression away from novice status, but may 

also include users who have been away from computer use for 

some time, but at some earlier point qualified as 

experienced. Nevertheless, consistent with aggregate 

findings on user experience, a general hypothesis advanced 

in this research is: 



(1) Higher levels of user experience will be 
associated with higher levels of task performance, 
positive attitudes and reported satisfaction. 

The Relationship Between Amount of Shell Interface 
and Task Performance and Satisfaction 
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Past research suggests no consistent effect for 

amount of shell interface and task performance and 

satisfaction. Specifically, the research suggests that the 

effect of a shell interface on task performance, attitude 

and satisfaction depends on the characteristics of the user 

and the interface implementation (Shneiderman 1986). For 

example, certain interface implementations that are menu-

d~iven and/or object-oriented have been shown to be 

reasonably effective across level6 of user experience 

(Smith et al. 1982). Nevertheless, in general, research 

has shown that the presence of a menu-driven shell 

interface has more impact on novice than experienced users, 

with experienced users' performance and satisfaction either 

unaffected or negatively affected by the presence of a 

menu-driven shell (Ramsey and Atwood 1979; Walter 1973; 

Walther and O'Neil 1974; Gilfoil 1982). Previous research 

does not provide clear expectations for the relationship 

between shell interface and user performance in the case of 

the casual user. However, based on available evidence, the 

following general hypothesis is advanced: 

(2) The amount of user interface is not expected to 
affect the experienced users' task performance and 



satisfaction, but is expected to have a positive 
impact on novice user performance and satisfaction. 
Casual users are expected to benefit from a user 
interface, but not to the same extent as novice 
users. 

The Relationship between Online Help Documentation 
and Task Performance and satisfaction 

In general, past research suggests no consistent 

effect between online help documentation and task 

performance and satisfaction. Both user characteristics 

and online help documentation implementation affect 

subsequent task performance and satisfaction (Borenstein 
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1985; Houghton 1984; RelIes 1979; Dunsmore 1980; Walther 

and O'Neil 1974; Franz, Robey, and Koeblitz 1986; Magers 

1983). From the perspective of computer software design, a 

major objective is to move toward paperless documentation 

that accommodates both novice and experienced users' needs 

(Borenstein 1985; RelIes 1979; Dunsmore 1980). The 

advantages of online over written documentation are 

discussed in detail in Chapter 2. Briefly, paperless 

documentation is much more economical and timely to produce 

and modify. Moreover, paperless documentation offers 

consistency between the documentation and system. Many 

types of assistance that are awkward to offer in written 

documentation are much easier to accomplish in online form. 

Finally, online documentation makes it much easier to 

monitor a system's usability, providing an effective means 
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of identifying where users are having difficulties (RelIes 

and Sondheimer 1981) Thus, the hoped for outcome in 

research on online versus written help documentation is 

improved task performance and satisfaction across user 

groups. In fact, from the standpoint of software design, 

demonstrating no diminished task performance and 

satisfaction from online as opposed to written 

documentation would be viewed as an advance (Caruso 1970; 

Goodwin 1974; Kennedy 1975; Mayer 1967; Morrell 1967; 

Nickerson 1986). In the context of this research, 

sUbstantial effort went into developing an online reference 

manual that would meet user needs. Past research findings 

suggest the difficulty of this task. In general, past 

research has demonstrated that users prefer written to 

online documentation and this is especially pronounced in 

the case of novice users (RelIes 1979; Dunsmore 1980). 

Moreover, task performance is diminished when online versus 

written documentation is used, and, again, this diminished 

p~rformance is highest for the novice group (Borenstein 

1985; Hass and Hayes 1986) • However, some research has 

suggested that while novices perform worse with online 

documentation, experienced users' performance is actually 

improved (RelIes 1979; Girill and Luk 1983). Because of 

the anticipated superiority of the online reference 



implementation utilized in this research the general 

hypothesis was: 

(3) There will not be a significant relationship 
between online documentation and task performance, 
attitude and satisfaction. That is, users will not 
show diminished task performance, attitude or 
satisfaction for online versus written 
documentation. 

In addition, because of the superiority of the 

online reference implementation utilized in this research: 

(4) No significant interaction between user 
experience and online documentation is expected. 
In particular, novice users are expected to be able 
to use this online documentation as easily as 
written documentation. 

The Effects of Online Documentation and User Interface 
on Task Performance and satisfaction 

Of special interest in this research is the 

interaction between online documentation and the menu-

driven user interface employed in this research. Past 

research has tended to either treat these dimensions 
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separately or confound them. For example, results on the 

effect of online documentation on performance are difficult 

to interpret. Frequently the presence of online 

documentation is confounded with the presence of a menu-

driven user interface. That is, online versus written 

dqcumentation is only tested in a menu-driven environment, 

or research is ambiguous in describing the extent to which 

results are a function of the menu-driven environment 

versus online documentation. Because past research has not 



addressed the interaction between these two components, 

hypotheses regarding their interaction must be considered 

exploratory. In recent research, Borenstein (1985) 

hypothesized that the methods by which help texts are 

accessed would be of equal or greater importance than the 

help text itself in their affect on task performance. 

However, this hypothesis was not supported by his results. 

Nevertheless, limited research on how to make online 

assistance effective suggests a potential three-way 

interaction between user experience, online documentation 

and a menu-driven user interface (RelIes 1981, Borenstein 
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1985). In particular, novice users are likely to be unable 

to access help when needed and in a way relevant to their 

current situation in a non-menu environment. In contrast, 

experts may be equally comfortable accessing online help in 

a menu-driven or non-menu-driven environment. Hence, the 

following general hypothesis is advanced: 

(5) A three-way interaction between user 
experience, online documentation and user interface 
is expected. In particular, novices are expected 
to have considerable difficulty using online 
documentation without a user interface and hence, 
diminished task performance and satisfaction. In 
contrast experts are expected to be equally 
comfortable with online documentation, with or 
without a user interface. 
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CHAPTER 4 

. RESEARCH DESIGN 

This chapter describes the research design employed 

in ·this research. The chapter begins with details about 

the phases that the research proceeded. The chapter than 

provides details about subject selection, experiment task 

selection, the user interface implementation, the 

experimental software treatments, and the dependent 

variable measures. The chapter provides information about 

general questionnaire construction, as well as the 

questionnaires used in this research. Finally, the chapter 

includes a discussion on the primary dimensions of the 

3x2x2 full factorial design. 

Phases of This Research 

The research proceeded in four phases; (1) 

identification of relevant user interface features, from 

which dimensions of interest for evaluating design 

characteristics and use could be established, and the 

identification of an applicable, candidate implementation, 

(2) design of the experiment, (3) reevaluation of the 

experimental design based on a pilot study, and (4) 

experiment and final data analysis facilitation. 



Phase 1 

The first phase of the research focused on 

identifying an applicable user interface implementation 

that provided the features to be investigated, primarily 

end user menu assistance features and online help 

documentation features. Based on cooperative research 

efforts between the NCR Corporation and the Management 

Information Systems Department at the University of 

Arizona, the NCR User Interface (pre-release) Version 

3.10.10 developed in its original form by the NCR 

Corporation, was selected. It facilitated the needs of 

this research by (1) constituting a real, professionally 

developed product for use by end users and (2) the 

implementation included the two primary dimensions of 

interest in the experiments: (1) user interface menuing, 

fill-in-the-blank, and prompting features; and (2) online 

help documentation features. 

Phase 2 
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In the second phase of the research, strategies were 

analyzed for modifying the original user interface software 

implementation, to control for the major feature dimensions 

of interest (e.g., user interface menuing and online 

documentation). Attention was given to the end users for 

which this type of user interface software was originally 

intended. Such issues as categorization of subjects into 



levels of experience categories, the selection of a set of 

tasks to be accomplished during the experiments, original 

statement of hypotheses, and analysis methods were 

addressed. 

Phase 3 
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In the third phase of the research, a pilot study 

was conducted to test the assumptions made during the 

experimental design and the actual experimental process and 

administration. The information ascertained from this 

study was used to (1) verify the selection criteria for 

classifying subjects to levels of experience (for 

blocking), (2) evaluate the set of tasks used during the 

actual experiment to insure that they would provide 

relevant and interesting information, (3) test the various 

software treatments created, and (4) evaluate the 

procedures used. This included an evaluation of all 

written materials and instructions, including the pretest 

and posttest. Fifteen subjects were selected to 

participate in the pilot project. 

P~ase 4 

The fourth phase of the research, consisted of 

actually conducting the experiments. Data were collected 

140 subjects who participated in the experiments. Subjects 

were blocked for level of experience (novice, casual, or 
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experienced) and randomly assigned to one of four different 

user interface software treatments. These treatments 

varied across two primary dimensions; form of DOS help 

documentation (written or online) and the existence or 

non-existence of user interface aids, such as menuing, 

fill-in-the-black and prompting screens. Including the 

blocking factor of experience, and the two primary 

controlled dimensions with two states each, this was a "3 X 

2 X 2" factorial design. Other than the pretest 

questionnaire, used for selecting and assigning subjects to 

level of experience categories, this was a one-shot 

experiment. Groups of from three to twelve subjects were 

run at a time, with from one to three trained 

observer/consultants present. Each session consisted of 

the subjects (1) being shown an eleven minute videotaped 

introduction to the experiments, (2) participating in a 

five minute question and answer section, including a 

documentation familiarization exercise, (3) completing a 

thirty-five minute set of warmup exercises, (4) completing 

the actual experiment tasks, which varied in length by 

individual, but averaged thirty minutes, and finally (5) 

completing a post test questionnaire. Selected attitude 

and satisfaction measures were collected both before and 

after the experimental tasks. 
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This chapter presents details of the controlled 

laboratory experiments used in this research. A number of 

considerations apply to generating workable experiments 

from hypotheses. Among the first are: who will the 

subjects be and what will they accomplish. This human

computer interface research has human subjects accomplish a 

common set of tasks using a computer with a specific 

implementation of user interface software. The 

experimenter created four different versions (treatments) 

of user interface software by modifying the original 

implementation. Human performance and attitude measures 

were collected and recorded during the experiments and from 

a posttest questionnaire. Analysis techniques were used in 

order to determine if there were significant differences 

across the independent variables. Principal components and 

factor analysis methods were used on the questions obtained 

from the posttest questionnaires, in order to determine if 

attitude constructs could be developed. Methodology was 

employed to evaluate the impact of performance and attitude 

measures across cells. It is recognized that decisions 

made on these basic research design questions will have a 

significant impact on the generalizability of the 

experimental findings (Ledgard, Singer and Whiteside, 

1979). 
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Several authors have recognized the need to 

fonnalize and strengthen experimental methodology in 

human-computer and human factors areas (Brooks 1980; 

Jarvenpaa, Dickson, and DeSanctis 1985; Moher and Schneider 

1981). Brooks (1980) submits that behavioral research in 

computer science is relatively new, and therefore does not 

have the well developed and elaborate methodological 

techniques that exist in other disciplines, such as 

psychology. However, this field will inevitably be judged 

by the same standards of methodological rigor that now 

exist in other behavioral research areas. Numerous areas 

of concern have been emphasized, such as the lack of 

theories for guiding research efforts and inappropriate 

research designs (Jarvenpaa, Dickson, and DeSanctis 1985), 

the selection of subjects (Brooks 1980), insufficient 

sample sizes (Moher and Schneider 1981), the selection of 

tasks and materials (Brooks 1980; Shneiderman 1976; 

Jarvenpaa, Dickson, and DeSanctis 1985), inconsistencies in 

task and subject selection across experiments (Moher and 

Schneider 1981; Jarvenpaa, Dickson, and DeSanctis 1985), 

questionable generalizibility (Moher and Schneider 1981), 

the measures used to evaluate performance (Brooks 1980), 

and questionnaire design (Moher and Schneider 1981). 

The following sections include information 

concerning the selection of subjects, the selection of 



tasks the subjects performed, and details regarding the 

particular user interface software implementation used and 

the modifications made in creating the four different 

experimental treatments. In addition, the performance and 

attitude measures collected are described. 

Subject Selection 

In these experiments, it was important to select 

subjects from a population similar to that for whom the 

original system was intended. Subjects were selected with 

properties representative of some larger population, such 

that the research results could be generalized to a wider 

group. Desirable subjects would be about to enter the 

business world in middle management positions, and share 

similar biographical backgrounds (e.g., education, 

motivation, intelligence). 
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Subjects with a wide variety of experience levels 

were originally sought to provide a variety of different 

experience levels representative of our expected general 

population. However, it was desirable that individual 

variability of subjects blocked within groups be relatively 

uniform (e.g., homogeneous subject groups). If the 

differences were too large within groups they could obscure 

accurate measure of performance differences due to the 

experimental treatments (across groups). 
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Despite the desire to represent a variety of 

experience levels, pilot testing demonstrated that naive 

users (subjects with absolutely no prior experience) found 

it almost impossible to complete the experimental tasks 

without sUbstantial help from the experimenter. This 

experience demonstrated to the experimenter that it was 

clearly desirable for subjects to have at least some 

experience with computers (e.g., one or two introductory 

computer classes). If subjects called on experimenters too 

often for assistance, it could seriously influence their 

performance (thus becoming an intervening variable) and 

possibly jeopardize the entire experimental results. 

Consequently, a large sample size (more than 200) 

representing subjects with a wide variety of experience 

levels, but including none so inexperienced that they could 

not complete the experiment, was sought. specifically, 

subjects were chosen from two courses within four classes 

offered by the College of Business and Public 

Administration at the University of Arizona. All of the 

classes were at a junior / senior level and were in a 

capstone course related to Management Policy in their 

respective departments. Two sections of a course offered 

by the Management and Policy Department (MAP 305) and two 

sections of a course in the Management Information Systems 

Department (MIS 471) were the classes selected. It was 
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assumed that the MAP students would have less computer 

experience than the MIS students. However, because large 

individual differences both between and within programming 

classes have been found (Shneiderman et ale 1977), 

intersubject variability has been addressed by 

experimentally factoring for the subject's level of 

experience (Moher and Schneider 1981). Students in both of 

these departments were working toward degrees preparing 

them for entry-level positions in business, requiring 

various levels of computer skills. They therefore were 

seen as representative of, at least, typical entry-level 

computer users in business. 

Small sample sizes are seen as a major problem in 

human factors experiments, leading to a reduction in the 

likelihood of finding significant differences due to 

experimental treatments (Moher and Schneider 1981). To 

keep a minimum of 10 subjects per cell, or 120 subjects for 

the overall experiment, the experimenter administered a 

pretest questionnaire to 244 students; 162 from MAP305 and 

eighty-two from MIS471 (see Table 1). Fifty-seven of the 

pretest students were rejected because they did not meet 

the screening criteria. Scheduling problems prevented 

another forty-four students from participating. In 

addition, (1) one student started the experiment, but had 

to stop because he was legally blind and could not see the 
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characters on the screen, (2) one student began the 

experiment and balked within the first ten minutes, and (3) 

a floppy disk error caused the loss of another subject's 

data. As a result, 140 subjects actually participated in 

and completed these experiments; ninety-five from MAP305 

and forty-five from MIS471 (Table 1). 

with subjects assigned numerical coding as follows; 

novice = 1, casual = 2 and experienced = 3, the average 

experience level for students in these courses were: MAP = 

1.67 and MIS = 2.78. The actual method of categorization 

is defined further in the following section. 

categorization of Subjects by Level of Experience 

RelIes and Price (1981) developed a categorization 

scheme for three types of users; novice, casual and expert. 

This experiment followed this same categorization scheme, 

assuming that the number of categories was sufficient for 

our purposes. Using this categorization resulted in 

forty-four novice, forty-eight casual and forty-eight 

experienced participants. 

During the pilot study subjects were individually 

interviewed in addition to filling out a pretest 

questionnaire. Based on these interviews, the 

experimenters were able to form a reasonably good opinion 

of the pilot subjects' experience with computers. 

Subsequently the data from the pretest were analyzed to 



determine which questions most closely matched the 

experience level opinions reached as a result of the 

follow-up interviews. Two of the pretest questions proved 

to be particularly good predictors (see Table 2). 

A pretest questionnaire (Appendix A) was 

administered to the students in the selected classes (both 

MAP305 and MIS471), about one month before the experiment 

sessions. The results from these questionnaires were 

entered into a database (dBase III). Based on subjects' 

response to the selected questions determined during the 

pilot study, they were subdivided and assigned into one of 

the three categories, or determined to be unsuitable for 

the experiments. For example, students indicating that 

they had taken a significant number of computer related 

courses and rated themselves as "not knowledgeable" about 

computers were rejected as showing inconsistent responses. 

Procedures for Assigning Subject's to Experience Levels 

The results from the pretest questionnaire were 

manipulated within dBase III. The following procedures 

were used in assigning subjects to experience levels: 

1) All subjects were assigned an experience level 

of o. 

2) All subjects with the results from question N17a 

less than or equal to 3 and the results for question N9ab 
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greater than or equal to 5 were assigned to the 

"experienced" category. 

3) All subjects with the results for question N17a 

greater than or equal to 6 and the results for question 

N9ab less than or equal to 2 were assigned to the "novice" 

'category. 
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4) All subjects with the results for question N17a 

greater than or equal to 3, but less than or equal to 5 and 

the results for question N9ab less than or equal to 4, but 

greater than or equal to 2 and experience level still equal 

to 0 were assigned to the "casual" category. 

5) All subjects wi'th an experience level remaining at 

o were considered to be ineligible for this experiment, due 

to inconsistencies in their responses. 

Additional details about the two selection criteria 

finally used in categorizing subjects can be found in Table 

3. Table 3 shows the results from analysis of pretest 

question 17a and 9ab. The means on 17a for the three 

different levels of experience are novice = 1.82, casual = 

3.90, and experienced = 5.60. These mean scores indicate 

significant differences (Scheffe < .05) between the 

categories. 

Table 3 also shows the results from analysis of 

pretest question 9ab, calculated by adding 9a to 9b. The 

means for the three different levels of experience are 
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novice = 1.05, casual = 2.75, and experienced = 8.38. 

These mean scores indicate significant differences (Scheffe 

< .05) between the categories. These results support the 

selection criteria used to categorize subjects by level of 

experience with computers. 

Subjects Randomly Assigned to Treatments 

By randomly assigning individuals to groups and by 

using techniques of statistical inference, the experimenter 

can assign a probability of possibility that any observed 

differences are simply due to chance factors (such as, 

chance differences between the two groups of subjects). 

If that probability is small enough then the experimenter 

may be willing to conclude that the differences are 

actually due to differences in the treatments or the major 

dimensions of the experiment (Ledgard, Singer, Whiteside, 

1979). 

After the subjects were classified according to 

level of experience, subjects within each group (novice / 

casual/experienced) were randomly assigned to one of the 

four treatments (see Appendix L). This resulted in the 

assignment of subjects to treatments as shown in Table 4. 

Tasks 

Tasks refer to the activities the subjects were 

asked to perform during the experiment. The proper 
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selection of tasks is important because there is evidence 

that human performance varies strongly with task properties 

(Ramsey and Atwood, 1979). Jarvenpaa, Dickson and 

DeSanctis (1985) list task selection as one of the four 

primary problems in Information System experimental 

research. They consider it to be so important that correct 

task selection may be a two or three-year process. 

Shneiderman (1976) and Brook (1980) stress task selection 

as the most important criterion in the choice of 

experimental materials, such that an appropriate level of 

difficulty is exercised to produce data with desirable 

statistical characteristics. 

Moher and Schneider (1981) highlight three factors 

that must be taken into account when designing experimental 

tasks, Uthey must be representative of the kinds of 

problems encountered by the target population, 

intellectually accessible to the subjects used in the 

study, and of the proper difficulty to distinguish ability 

differences" (p. 6J.9). The degree to which tasks are 

representative of some wider class of problems is of 

concern here. The goal is to be sure the set of tasks are 

understandable to the subject (Jarvenpaa, Dickson and 

DeSanctis 1985; Moher and Schneider 1981), exhibit the 

intrinsic characteristics of comparable "real life" problem 

situations, while still rendering an appropriate degree of 
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difficulty or complexity. If the tasks are not challenging 

enough, the results will not produce the variability in 

output necessary to draw valid and interesting conclusions 

(Shneiderman 1977). If the tasks are too difficult, the 

subjects may not be able to complete them, or they may be 

confused as to what the tasks are (Jarvenpaa, Dickson and 

DeSanctis 1985). 

Because the user interface offers the capability to 

perform two primary types of tasks, applications and DOS 

commands, from within the interface, the set of tasks 

included both types. This presented a contradictory 

problem; it was desirable for all subjects to complete the 

same set of tasks (from novice to experienced subjects). 

At the same time the tasks needed to be simple enough so 

the novice subjects could complete them and difficult 

enough to provide some challenge (and thus interesting 

results) to experienced sUbjects. 

The following criteria were considered when 

determining the final set of tasks: 

1) The tasks should be interesting and have a high 

level of face validity. 

2) The tasks should permit the manipulation of the 

variables of interest (e.g., level of experience, form of 

documentation, existence of user interface). 



3) The tasks selected should be simple enough for a 

novice user to understand and complete, yet non-trivial 

enough so useful measures of performance can be obtained 

from both novice and experienced users. 
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4) The set of tasks should require the user to perform 

a combination of tasks requiring both access to 

applications programs (e.g., Application programs and/or 

BATCH files) and DOS commands. This is primarily because 

the user interface implementation selected offers the 

capability to accomplish both of these commonly accessed 

types of task. 

5) The DOS commands selected should begin with simple 

commands and become progressively more difficult as the 

experiment session progresses. In this way subjects would 

be provided the opportunity to "successfully" complete some 

early DOS commands, building up some confidence with 

experience, and increase to more complex commands as they 

gain experience. 

6) Some of the DOS commands chosen should be complex 

enough that the user is not likely to be able to "guess" at 

the correct syntax usage. In this way the subject would be 

"forced" into referring to the help documentation to obtain 

the correct command syntax information. 

7) Selected applications tasks should not require the 

subject to have prior general or specific knowledge about 



their use (e.g., word processor, data base). The goal is 

not to test the subject capability of using a specific 

a~plication, but to demonstrate that they are able to get 

to, select, and complete the application. 

8) It is desirable to require subjects to repeat at 

least one DOS command in order to determine if there are 

differences between accesses to the help documentation 

provided. 
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The pilot study established that the original set of 

tasks were not at a level of difficulty hard enough to 

force subjects to use the DOS help documentation. Since 

the form of documentation dimension is one of the primary 

interests of these experiments, it was desirable to 

increase the complexity of the tasks to include some tasks 

for which syntax would probably not be known by the 

majority of subjects, experienced and novice alike. 

Consequently, the SORT and FIND commands were added. In 

addition, based on the pilot study, a larger number of 

tasks were included in the final experiment. 

Warmup exercise instructions were provided to the 

subjects during the experiments (see Appendix C). Table 5 

provides a brief listing of the warmup exercise tasks. 

Experiment tasks instructions were provided to the subjects 

during the experiments (see Appendix D). Table 6 provides 

a brief listing of the experiment tasks. 
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The tasks selected for this research were similar to 

those that were employed by Wixon et ale (1983), focused on 

revealing interface design criteria, aimed at ease-of-use, 

and based on novice user commands. The tasks used during 

their experiments included such tasks as: time, delete, 

type, undelete, and send. There was no limit on time to 

complete tasks, therefore all subjects were provided enough 

time to complete the entire set of tasks. Since all 

subjects were unlikely to know any specific application 

package, and since we did not want to give any subjects an 

advantage, the application domain was controlled. The 

application tasks used during these experiments were 

purposely written specifically for the experiments, either 

(1) presenting textual information, with background or 

tutorial information, or (2) requesting subjects to respond 

to quesi:ions presented to them on the computer screen 

(e.g., their names, responses to specific questions 

online) • 

The User Interface 

The user interface (UI) implementation used in these 

experiments was the NCR User Interface (pre-release) 

Version 3.10.10 developed in its original form by the NCR 

Corporation. This U1 is a shell that operates "on top" of 

the disk operating system (DOS). There are a few specific 

features of this implementation that are of particular 
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interest: (1) menu selection of applications, (2) prompting 

for DOS commands, and (3) online DOS help documentation. 

The primary features, and examples of the computer 

generated screens, are described and presented below. 

The main menu (see Figure 3) is the initial screen 

that the user is presented by the interface. From this 

menu the user can ~elect one of several different options. 

In these experiments primary interest was in <1> 

application menu, <2> DOS commands, and <F9> online help. 

T~e remaining options were not of interest and subjects 

were informed of this and directed to the options of 

interest during the introduction and warmup exercises. 

The application menu (see Figure 4) can be selected 

from the main menu (option #1). This menu presents a list 

of available applications that had been previously 

installed by the experimenters. Associated with each 

installed application is a unique number, used to select 

the application. In a "real world" situation, typical 

applications would be word processing, accounting packages, 

spreadsheets and special purpose programs. For the 

purposes of these experiments, several application programs 

were specifically written (described later), and are shown 

as they were presented to the subjects in figure 4. 

The DOS commands menu (see Figure 5) is invoked from 

the main menu when option #2 is selected. This screen 
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presents the user with a menu of available DOS commands 

from which to select a particular command of interest. A 

list of available DOS con~ands is listed, along with a 

brief description of the command. Once this menu is 

invoked, subjects select the desired DOS command to execute 

by either (1) typing in the command name in the space 

provided at the top of the menu, or (2) use the arrow 

control keys to highlight desired commands and then 

pressing the carriage return to select it. Either of these 

actions brings up an appropriate prompt menu specifically 

for the selected command. 

An example of a prompting screen for a specific DOS 

command (in this case the COpy command) is presented in 

figure 6. It provides a form for the user to fill-in-the

blanks, or a template such that the user can fill in 

necessary and/or required information before sending the 

command to the operating system to be executed. Each 

specific DOS command prompt menu is specifically tailored 

to the needs of the command. As can be seen in figure 6, 

this menu prompts for such information as drive, pathname, 

and filename, depending on the command. Contextual online 

help documentation is available for each DOS command 

directly from this menu by issuing a single keystroke. 

The DOS help documentation, referred to as online 

help, is basically an online manual. This documentation is 



similar to that in a typical written manual distributed 

with a computer system. This online help provides both a 

menu to and detailed explanations of the DOS commands. 
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When online help was requested by the user, depending on 

the context in which it was invoked, subjects were 

presented with either (1) the online help menu version 1.30 

(figure 7), or (2) detailed help information for a specific 

DOS command (figures 8 and 9). 

The online help menu provided users with the screen 

presented in figure 7, which is essentially a table of 

contents to the DOS commands that makes available 

additional detailed help. Additional help for a specific 

command could be accessed by (1) pressing <F9> (for those 

subjects provided with the user interface shell), (2) 

pressing <F9> or typing in "HELP" from the DOS command 

level. Selected commands were shown in highlighted letters 

tc! indicate currency. A highlighted "window" of text, in 

inverse video, appeared at the bottom of the screen and 

provided a brief thrsa line description for each command 

(the ANSI command is shown in figure 7). The first line of 

this description always showed the correct syntax for each 

command, and the last two lines gave a brief explanation of 

the command. The information in this window changed as 

subsequent commands were selected using the arrow keys. 
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The access methods for invoking online help vary 

depending on the users' context within the user interface 

at the time. When users are at the (1) main menu, (2) DOS 

command menu, or (3) DOS command prompting menu, additional 

help for a specific command could be accessed by pressing 

function key 9 <F9>. Another mode, as yet un-described, is 

when the user is at the DOS command level, while still 

offering the capabilities for the user to activate the user 

interface (see figures 10 and 11). The online help can be 

invoked from the DOS command level in one of three ways: 

(1) return to the user interface using function keys <F8> 

or <FlO> and refer to the methods described above, (2) use 

<F9> to invoke the online help system in a stand alone 

mode, which will bring up the online help menu (figure 7) 

or (3) typing in "HELP" from the DOS command level, either 

alone or followed by the specific command of interest. 

The DOS online help command detail (figures 8 and 9) 

presents a complete explanation of the selected command. 

Detailed help for all DOS commands can be accessed by (1) 

selecting the command from the online help menu, or (2) 

typ~ng help and the command (e.g., "HELP DIR") from the DOS 

command level. Detailed help documentation consists of one 

to several screens of information, depending on the 

command. Each DOS command detail screen (see figures 8 and 

9) begins with a uses section, that basically provides an 
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English translation of the command and what it is used for. 

Following this is a format section, that presents the 

exact syntax and parameters the command requires (from the 

DOS command level). Next is an examples section, that 

presents examples of "sample command" usage, along with 

verbal explanations of results from issuing the command. 

In this section, the screen is split in two, with the 

left-hand side of the screen providing examples of issued 

commands, while the right-hand side provides a detailed 

description of the left-hand side output. The number of 

examples provided for each command varies widely depending 

on the command's complexity and the number of options 

available. There may be several screens presented for a 

particular command. Instructions for moving through the 

screens are always presented on the bottom row of the 

screen. 

As alluded to earlier, the ~ser interface provides a 

means so the user can exit from the UI to the DOS command 

level, with the ability to re-invoke it at any time. This 

capability was not available during these experiments. 

However, the option was pointed out so all subjects were 

aware that they could elect to do so. When at the DOS 

command level, the UI lists at the top row of the screen 

(~igures 10 and 11) options for re-invoking the UI, 

entering a particular DOS command prompt menu, or invoking 
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the online help. These can be invoked with a single 

keystroke. While at the DOS command level, it remains 

possible for the interface to detect if an incorrect or 

incomplete command is entered. At this point, if the UI 

can determine what command the user is trying to invoke, it 

is possible for the UI to initiate the prompt menu for the 

particular DOS command automatically. The user can then 

supply the missing or correct information at the prompt 

menu and continue. 

Treatments 

Given the three primary dimensions described in the 

preceding sections, an experiment was designed featuring 

four different user interface software environments, or 

treatments, to be presented to subjects with three 

different levels of experience. The four treatments have 

been labeled "A" through "0" for reference purposes and are 

illustrated in figure 16. The original user interface was 

modified, eliminating specific features for certain 

treatments. The experimenters essentially viewed the UI as 

having two areas of principal capabilities: shell interface 

assistance and online help. Everything other than the 

online help is referred to as the shell interface 

assistance feature. The online help feature was separated 

from the UI so it could run as a stand-alone system from 

the DOS command level. Also, with the online help feature 



removed from the UI, a modified version of the UI was 

created offering only the menu and DOS prompting features, 

with no online help capabilities. In this case, all 

references and access paths to online help were removed. 

The four treatments are described in further detail 

below. 

Treatment A 
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This is the original, full featured UI, including 

the shell interface assistance and online help features. 

Subjects that received this treatment had access to all of 

the primary capabilities of the UI: main menu, applications 

menu, prompting for DOS commands, and online help. 

Treatment B 

This is the UI, as in treatment A, except that the 

online help feature has been disabled. All references and 

access paths to the online help have been removed. In its 

place the subjects receive a written manual containing the 

same information that is presented in the online help (this 

will be described in greater detail later). In other 

words, the only difference between treatments A and B is 

that online help DOS documentation was provided in written 

form rather than online. 
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Treatment C 

This includes only the online help feature. All of 

the other UI features (e.g., main menu, applications menu 

and prompting for DOS commands) have been disabled. 

Subjects that received this treatment communicated with the 

system at the DOS command level (e.g., B». 

Treatment 0 

These subjects did not receive any of the features 

included in the UI. That is no main menu, applications 

menu, prompting for DOS commands, or online help 

capabilities. This was the control group. The standard 

DOS command level interface is provided (e.g., B». DOS 

help documentation was provided in written form, the same 

as was presented to those receiving treatment B. 

Measures 

Subjects in these experiments were asked to complete 

a set of tasks so their performance could be observed, 

measured, and recorded. It was this data, both objective 

and subjective, that provided the supporting empirical 

evidence that supported or failed to support the 

hypotheses. six sources were employed to gather information 

about each subjects' performance activity. For each 

subject there were: (1) written responses to questions from 

pretest and posttest questionnaires, (2) subject's captured 



keyboard activity, (3) observer recorded information, (4) 

written responses to questions asked on the instruction 

sheets, (5) information obtained from the files on 

subject's disk, (6) responses to questions asked online 

during the experiment and recorded to disk. 

The Dependent Variables 

Some criteria for evaluating success must be 

selected. Two primary types of dependent variables were 

identified: performance and attitude variables. These 

dependent variables were used to evaluate the usability of 

the different software treatments. Measures of the 

dependent variables were collected and recorded for each 

subject, in order to evaluate the "goodness" of the 

different treatments. The following dimensions were 

selected: 

1) Performance Variables: 

a) the time required to perform selected tasks 

(TIME). 

b) the number of keystrokes to perform selected 

tasks (CHAR). 

c) success or failure in completing the tasks 

d) the number of times the subject requested 

assistance from a consultant (ASST). 
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e) the number of references made by the subject to 

the DOS help documentation (written or online) 

(REF). 

2) Attitude Variables (constructs built based on 

results): 

a) Shaft attitude toward computers scale: 

i. pre-experiment administration 

ii. post-experiment administration 

b) attitude towards computers 

c) user satisfaction 

d) online attitude 

e) quality of help documentation 
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Performance Measures. Four performance dependent 

measures were used in this research: Total time to complete 

the tasks, number of characters used to accomplish tasks, 

requests for assistance from the observer / consultants, 

and number of references made to the DOS help 

documentation. These measures are summarized in Exhibit 1. 

Each of these measures is discussed briefly below. 

The time required to perform the set of tasks is 

considered the primary performance dependent variable for 

this experiment. Subject's completed an orientation 

session using their software UI environment, intended to 

help them become familiar and comfortable with the task. 

Incentives to complete the tasks as quickly as possible, 
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without sacrificing correctness or completeness, were 

provided to the sUbjects. (The incentive structure is 

detailed in chpater 5). Time, as a dependent variable, has 

proven to be the most informative measure of usability. 

While it is recognized that time is not the only important 

dependent variable, it is certainly one of the most 

important (Roberts and Moran 1983). When computer users 

try to complete tasks, they usually want to complete them 

quickly, get what they are after, and be done. One of the 

major underlying assumptions about a good user interface is 

that it will substantially reduce the time and skill 

required to accomplish a task. 

Another dependent variable was the number of 

characters entered at the keyboard to accomplish the tasks. 

Card, Moran and Newell (1980) found evidence suggesting 

that it is optimal to minimize the number of keystrokes 

required to perform an operation. It makes sense that the 

fewer the number of keystrokes required, the less potential 

for typographical errors. 

Obviously, one indicator of the extent to which 

users are having difficulty with the system and the tasks 

is their need for help -- either in the form of requests 

for assistance from observer / consultants or accessing of 

the DOS help documentation. Thus, two additional 

performance dependent measures were collected in this 
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research. It's important to note that subjects were 

discouraged from requesting assistance from observer 

/consultants during the final experiments (see Appendices E 

and F). However, the range of this variable is not 

generalizable to other environments, and may reflect 

considerable noise as well. For example, there are likely 

to be individual differences in willingness to request 

assistance under these conditions. Accessing of DOS help 

documentation is likely to be a better indicator of 

subjects' difficulties in completing the task. However, 

it's easy to imagine that if subjects experienced 

difficulty in using DOS, they might first try to solve the 

problem with trial and error, and only access DOS help 

documentation as a last resort. However, because the 

warmup exercises gave subjects an opportunity to see the 

difficulties with a trail and error strategy, and because 

the incentive structure encouraged timely completion of the 

tasks, it was felt that accessing of DOS help documentation 

would fairly accurately reflect the subject's need for 

assistance. 

Of course, performance measures are not the only 

measures that can be used for judging the success of a user 

interface. Other important considerations are user 

learning, comprehension and satisfaction. 
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Attitude Measures. Failure to properly address the 

needs of the human user of the computer system has resulted 

in the failure of the effective use of many computer 

systems (Keen and Morton 1978; Lucas 1975). To some extent 

the responsiveness of a system to user needs can be 

captured by users' motivated performance. However, in a 

natural environment, where specific incentives to complete 

the computer tasks are not available, users who are 

frustrated, anxious, dissatisfied, etc. will not make 

effective use of the system. Consequently; measures of 

user attitude are as important as user performance in 

evaluating a computer system (Lewis 1987). 

Reasonable attitude variables might include: 

attitude toward computers, computer user satisfaction, 

understanding of the potential of computer power, and 

computer appreciation (Swanson 1974). A particularly 

important attitude measure is user satisfaction. Powers 

and Dickson (1973) concluded that user satisfaction is the 

most critical criterion in measuring computer system 

success and failure. Similarly, Bailey and Person (1983) 

found that user satisfaction is correlated with information 

system utilization and system succass. Swanson (1974) 

found empirical evidence that a user's appreciation for a 

system is highly correlated with his/her utilization of the 

system, and its outputs. 
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While user satisfaction was considered the primary 

attitudinal dependent measure, several other attitudinal 

dependent measures were explored in this research. The 

attitudinal dependent measures are summarized in Exhibits 

2-5. Exhibit 2 illustrates the Shaft (1983) measure of 

Attitude Toward Computers. Exhibit 3 illustrates a new 

general attitude toward computers measure developed for 

this research. Exhibit 4 illustrates the paper and pencil 

measure of user satisfaction employed in this research and 

Exhibit 5 illustrates the online measure of attitude toward 

the tasks used in this experiment. In total, two written 

and five online questionnaires were used during these 

experiments. They are discussed in more detail in the 

following sections. 

Existing Instruments 

A thorough search of existing literature highlighted 

the absence of standard measures of user attitude concerned 

with computer use. Particularly lacking were instruments 

that were demonstrated to be reliable and validated 

measures for information systems and human factors 

research. 

Although instruments have been developed and 

validated to measure (1) user information satisfaction from 

an organization perspective (Bailey and Pearson, 1983; 

Ives, Olson and Baroudi 1983; Noland and Steward 1974; 



134 
Newmann and Segev 1980; Swanson 1974), (2) user 

satisfaction in a small systems context (Raymond 1986), and 

(3) users' computer anxiety (Toris 1984), relatively few 

standardized instruments exist. This is especially true 

when compared to the wealth of instruments available in the 

other social sciences. The reason for the lack of 

available instruments is probably the youth of this field. 

Another reason may be there is such a broad range of user 

satisfaction contexts, all with different requirements and 

constraints, that no one instrument can satisfy all 

requirements. Bailey and Person (1983) asserted that the 

causes of satisfaction vary from user to user, thus 

implying that for any given set of tasks or interface 

implementation, the factors that influence user 

satisfaction can differ. 

Jarvenpaa, Dickson and DeSanctis (1985) stress that 

"in order to accumulate knowledge based on sound scientific 

inquiries, the relevancy or validity of any instrument must 

be assured before relationships between measures of 

independent and dependent variables can be assessed" 

(p.143). In another questionnaire area, Moher and 

Schneider (1981) report that relatively little has been 

done in the way of systematically collecting biographical 

data on subjects used in controlled software experiments. 
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Researchers have suggested that it may be helpful to 

obtain information from the users interacting with the 

computer interface, in order to obtain their impressions of 

the system under study" and the experiment in general. 

While more uniform and controlled responses can be obtained 

from" questions that provide the subject with an existing 

quantitative scale, the provision allowing them to record 

general comments and impressions can be very informative. 

Root and Draper (1983) echoed the desirability of open

ended, as well as specific, questions to the users to learn 

their opinion of the interface. They supported that the 

questionnaire administration should be "hot," so the user 

has as fresh an experience with using the system as 

possible. 

General Questionnaire Construction 

Many of the questions used a seven point semantic 

differential scale. The subjects were asked to rate the 

Likert-scaled questions, indicating their agreement or 

disagreement with bipolar adjective pairs ranging from a 

negative to a positive feeling. For analysis and reporting 

purposes the anchors have been switched so a score closest 

to 7 is always the most desirable. 

Four of the application programs, SAMPLE (see 

Appendix Q) in the Warmup Exercises and STUDENT (see 



Appendix R) , PRO GRAM 1 (see Appendix S), PRO GRAM 2 (see 

Appendix T), and PRO GRAM 3 (see Appendix U) in the Task 

Exercises were essentially online questionnaires of a 

similar nature. These programs provided the information 

needed to build our online measure of attitude toward the 

tasks used in this experiment. Refer to Appendix J for a 

summarized list of these questions. 

Pretest Questionnaire 
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A pretest questionnaire (see Appendix A) was 

designed to provide the following subject information: (1) 

general demographic information, (2) general educational 

background, (3) computer systems background, (4) expected 

future computer use, (5) attitude toward computers~ and (6) 

general attitudes and self-ratings of abilities. Two 

questions on this questionnaire were used to help 

categorize sUbjects by levels of experience (see Table 2)~ 

Posttest Questionnaire 

A posttest questionnaire (see Appendix B) was 

designed to provide the following information: (1) general 

opinions about subjects' interface experience, (2) general 

attitudes and self-ratings of abilities, (3) attitude 

toward computers, and (4) open-ended questions about the 

tasks and the experiment. 



Experimental Design 

The experiment was a controlled laboratory 

experiment designed to evaluate the effects of a User 

Interface (UI) shell on users with various levels of 

experience in using computers. The experiments was 

comprised of a pretest questionnaire, exposure to an 

experimental treatment (with observation), and a posttest 

questionnaire. This type of experiment is a modified form 

of what Campbell and stanley (1963) refer to as "The 

Pretest - Treatment - Posttest Control Group Design." A 

cube (3x2x2) design was used with three primary dimensions 

of interest: (1) level of user experience (EXP), (2) form 

of documentation (DOC), and (3) the degree of assistance 

from the user interface (SHELL). Figure 17 pictorially 

represents this design. 
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The experiment examined the impact of the 

EXP/SHELL/DOC dimensions on user performance and attitude 

variables. In conducting the experiment, the attempt was 

made to create a controlled setting premitting observation 

of SUbjects. Global interest is not limited to what 

happens in these experiments, but rather in what can be 

generalized from the experimental setting to other similar 

situations. The laboratory setting (e.g., tasks, 

equipment, environment) was designed to make the results 

generalizable to real work settings. The real question is: 
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Given these results, what can be inferred about larger 

populations? The experimental design enforced rigorous 

controls to reduce bias, and used inferential statistics to 

generalize the findings to a broader population. 

Ledgard, Singer, Whiteside (1979) specified the 

f~llowing precautions to help reduce bias: 

1) Automate the data-taking procedures. [A keyboard 

capture program was used to accurately record the keystokes 

for every subject (see Appendix N).] 

2) Standardize the instructions. [The same 

instructions were given to all subjects. Subjects 

receiving the four different treatment were mixed together 

in experiment sessions, to control for any unconscious bias 

due to varying introductions. The written instructions 

were different only where absolutely necessary, due to the 

different treatments (see Appendices C - G and I - J) .• ] 

3) Use written as opposed to spoken instructions or 

video introduction (see Appendices C - G and I - J). [A 

professional quality (ABC evening news anchor in Tucson, 

AZ) video tape introduction to the experiments was 

presented to all subjects, in all sessions (see Appendix 

F). This was followed by a warm-up session (see Appendix 

C), with each subject using the treatment that they were 

randomly assigned.] 



In addition, two of the tasks in the warmup exercises 

were basically online tutorials, with introductory 

information about the computer system, keyboard, and 

terminology directed at the novice user (see Appendices 0 

and P). 
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4) Do not overload the introduction or instructions 

with unnecessary information about the purposes and design 

of the experiment. The success of the experiment depended 

on the subjects' enthusiasm, understanding of the task, and 

cooperation. [The introduction for this research included 

enough information to meet the guidelines of the university 

standards for using human subjects.] 

A description of the user interface and the three 

primary dimensions of the experiment are described in 

detail in the following sections. 

Primary Dimension: Level of User Experience 

Subjects were selected to be typical of the broader 

population to which the research results will be 

generalized. At the same time, individual variability of 

subjects was controlled within groups, such that their 

characteristics were relatively uniform. As noted earlier, 

if the differences are too great within groups it can 

obscure accurate measure of performance differences due to 

the experimental treatments. 



In accordance with prior research on user 

categorization I the experiments employed three levels of 

user experience: novice, casual, and experienced (Ledgard, 

Singer, and Whiteside 1979). A detailed description of 

definitions and the method used for categorizing subjects 

was described eariler in this chapter. 

Primary Dimension: Form of Documentation 

Two forms of DOS Help Documentation were used in 

these experiments: online and written. Half of the 

subjects received this documentation on the computer 

(referred to as online help) and half received the same 

documentation in a written manual. 
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DOS help documentation is included as part of the 

user interface. In order to ensure that the quality of the 

documentation was consistent for all students, with only 

the form of presentation different, great care was taken to 

"capture" the online help documentation in written form 

exactly as it was shown online. In doing this a few 

modifications were necessary and these are detailed in 

appendix M. 

The user interface was modified by the experimenters 

so that the interfaces received by the subjects provided 

with written documentation had no reference or access to 

the online help system. For the purposes of this 

experiment, the online help system essentially was 



disconnected from the user interface, as will be clarified 

in the following discussion about the experiment 

treatments. Essentially, this refers to the capabilities 

furnished by the menus presented in figures 7, 8 and 9. 

Primary Dimension: Degree of Interface Assistance 

The degree of interface assistance dimension varies 

the amount of shell assistance provided to the user. The 

experimenters refer to this dimension as the "shell" 

dimension and chose two labels to describe it: "shell 

interface" and "no (-) shell interface". 
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For this experiment shell refers to the capabilities 

of providing menu selection of applications and the 

prompting for DOS commands. Essentially, this refers to 

the capabilities furnished by the menus presented in 

figures 3 through 6. The no shell interface consists of 

o~ly the online DOS help system. None of the capabilities 

offered in the shel.l interface treatment were provided. 
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CHAPTER 5 

FINAL EXPERIMENT ADMINISTRATION AND PROCEDURES 

This chapter describes the overall final experiment 

administration and procedures. A pilot study, which helped 

to provide information used to improve the final experiment 

procedures is first detailed. Subsequently, information on 

how the final data were obtained, recorded and analyzed is 

described. 

pilot Study 

Many details of the experimental procedure simply 

cannot be anticipated prior to actual execution of the 

experiment. Software may fail, unexpected subject 

questions may arise, subjects may find the orientation 

unclear or confusing, the tasks may not be interpreted 

correctly or the level of difficulty may not be correct for 

the information that the experiment is trying to obtain. 

The pilot study was an opportunity to practice and examine 

the experimental procedures for flaws as well as to 

reevaluate if the experiment, as defined, was worth doing. 

The pilot study allowed the experimenters to try 

hunches, modify procedures, change aspects of design. The 

purpose was not primarily to gather information to test the 



experimental hypothesis, but to evaluate the overall 

mechanics of the experiment before the pressure of 

conducting the actual one. The output of the pilot study 

was a detailed description of the final experiment. Based 

on the results, and a few procedural and mechanical 

modifications, all that remained was to simply execute the 

predetermined plans. 
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The benefits obtained from the pilot study cannot be 

overemphasized. The pilot study's purpose was to provide 

some feedback on the experimental design and 

implementation, the questionnaire instruments, and the 

instructions. It also provided a chance to evaluate the 

proposed method for categorizing subjects by levels of 

experience, since all subjects were interviewed, in 

addition to filling out the questionnaires. Finally, the 

pilot study provided an opportunity to estimate the 

difficulty and accessibility of the tasks selected prior to 

the actual experiment (Moher and Schneider 1981). 

Fourteen subjects participated in the pilot study. 

All but one had at least an undergraduate college degree. 

Their ages ranged from 21 to 45, with a average age of 32 

years. Their occupations included students (undergraduate 

and graduate business), university administrators, business 

owners, school teachers, and professionals. The average 

number of years of computer-related work experience ranged 



from an average of .17 for novice to 7.6 for experienced 

subjects. 

Novices completed the set of tasks with a mean time 

of 48 minutes (range 21-71) and experienced users in 18 

minutes (range 12-35). On average, the group that was 

classified as novices took 30 minutes longer to complete 

the same set of tasks. This finding was supported by the 

subjects' self-reported knowledge of computers on the 

pretest. Novices rated themselves an average of 1.6 (7 

being the most knowledgeable), while the experienced 

subjects averaged 4.0. In addition, the novice subjects 

had an average of .67 computer courses each, while 

experienced subjects had an average of 6.60 each. 
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This was an exploratory experiment designed to 

provide descriptive statistics and to highlight the 

strengths and weaknesses of the user interface and the 

experiment. Only two levels of experience were used in the 

pilot study, novice and experienced. Subjects who were 

very different, with some of the novice users having very 

little background using computers, were sought. In this 

way, potential problems that might be encountered by 

inexperienced subjects could be highlighted. 

The pilot study provided borne important and timely 

information about the experiments. Several things learned 

and/or changed as a result of the pilot study included: 
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1) The novice subjects could not complete the task 

exercises without considerable help from the experimenters. 

In many instances, the subjects requested that they be 

allowed to quit the experiments without completing them. 

The experimenters offered help to the subjects and 

encouraged them to continue, and they all completed the 

experiment. From this we learned: 

A) The subjects need to have at least some 

experience with computers if they are to be expected to 

complete the set of tasks without consultant help. Even 

though the user interface was designed with the novice in 

mind, tasks were still too complex for the truly naive 

subject. It was for this reason that MAP305 students were 

selected as our population from which to select novice 

users. The novice users chosen for our final experiment 

had taken or were taking an average of 1.05 computer 

courses. 

B) There is a need for a more extensive introduction 

to the experiments, the user interface, the documentation, 

the terminology, and the types of tasks to be performed. 

As a result, the following sections were added to the final 

experiment sessions; A formal introduction by the 

experimenters to the subjects (Appendix E),A 10 minute 

video tape introduction to the experiments (Appendix F), a 

question and answer period and a formal help documentation 



walk-through by the experimenters (Appendix E), a 

definition of terms (Appendix I) and a 35-minute Warmup 

Exercise period (Appendix C). 
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It is worth noting that 100% of our experienced 

subjects had used computers before, compared with 77% for 

our novices. Even though the novices had difficulty in 

completing the set of tasks, the majority of them had at 

least some experience. This underlined the need for 

greater efforts to introduce the experiments and some 

practice warmup exercises to allow the subjects to become 

familiar with their operating environment. The 77% figure 

is not surprising in view of the extent to which computers 

exist in our society in the form of games, computer aided 

instruction, etc. The difference in time required to 

complete the set of tasks made it obvious that there was a 

distinct difference between the novice and expert groups. 

2) Several improvements were made to the instructions 

and questionnaire instruments. These included such 

modifications as improved wording, adding information to 

the instructions of frequently asked questions, rearranging 

question ordering, rearranging anchors on semantic scales, 

and renaming disk files to eliminate confusion. 

3) The number of tasks in the pilot study did not 

appear to be sufficient to provide the data needed to 

aasess statistical significance. As a result we added 



several additional tasks to the experiment. Tables 5 

through 7 illustrate the tasks in the pilot and final 

experiments. 

4) The pilot study results showed that none of the 

subjects seemed to refer to the help documentation. It was 

felt that this was possibly because (1) often experienced 

users found the DOS tasks were so simple that they did not 

have to refer to it, and (2) novice users were already so 

confused that they may not have known what to do with the 

help documentation. 
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Because far greater effort was to be put into 

introducing the experiment and the Warmup Exercises, it was 

felt that DOS commands requiring greater effort could be 

added toward the end of the set of tasks. This resulted in 

the addition of the SORT and FIND commands, along with 

other,tasks. It was the experimenters' belief that even 

experienced users would have a far greater probability of 

requiring help in order to determine the proper syntax for 

these commands. 

5) One subject suggested that some introductory text 

be transferred onto the computer so that it could be read 

online. In this way the novice subject could accomplish an 

easy task using the system, possibly building up confidence 

(success and control), and become familiar with the system 

at the same time. This information was added to the Warmup 
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Exercises as application programs FIRST (see Figures 29-32) 

and INTRO (see Figures 33-50). 

6) When using the DOS Prompt Menu to fill in the NAME 

(filename) field within the DOS Prompt Mode, it was 

discovered that with some commands (e.g., DIR) spaces could 

be used to advance to the file extension field and that 

with other commands (e.g., TYPE) this was not acceptable. 

In the latter cases only an ENTER key could be used to 

advance the cursor to the extension field. This caused 

problems for almost every pilot participant, whether novice 

or experienced, and was a major source of irritation toward 

the user interface. 

In order to overcome this problem for the actual 

experiments, filenames were selected that were exactly 

eight characters long, thus eliminating either spaces or 

the need to use the ENTER key. The cursor would 

automatically jump to the extension field when the eighth 

character was entered. 

7) The NCR PC4's that we used in the experiments had 

inconsistent keyboards. For example the BACKSPACE keys 

might indicate BKSP, ERASE, an arrow, etc. As a result, 

care was taken to have keyboards that were identical. 

The experiment sessions were scheduled for two hour 

time slots, with the expectation that the average subject 

would be able to complete the experiments in approximately 



1 and 1/2 hours. Originally 17 sessions were scheduled. 

As it turned out, 22 sessions were held, with from 3 to 11 

subjects and 1 to 3 consultant/observers present at each. 

One of the experimenters was present at every session to 

oversee the entire operation and also act as a 

consultant/observer. 

Consultant / Observer Orientation Meeting 

An orientation meeting was held for all the 

consultant / observers before the experiments began. The 

purpose of these meetings was to familiarize them with the 

experiment and to detail what was expected of them during 

the experiment sessions. Each consultant was asked to 

complete the set of warm-up exercises and the experiment 

tasks, as well as to read over all documents and 

questionnaires. Anticipated problems areas were 

highlighted, along with instructions on how to handle the 

problems. Because one of the primary purposes of the 

consultants was to record (1) accesses to the written DOS 

help documentation, and (2) requests for consultant 

assistance, agreement on how to record these actions was 

also discussed. 
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Working Environment 

The experiments were conducted in an existing 

microcomputer laboratory located on campus at the 

University of Arizona, referred to as CompuLab-2. 

1) Equipment: The microcomputers used were all IBM 

PC's with 512K RAM, two floppy disk drives, and amber 

monochrome graphic monitors. 
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2) Software: The software environment was not the same 

for all subjects, as described in chapter 4. Each machine 

was booted with a modified version of Microsoft's MS-DOS 

Version 3.10. The following software was present for all 

sUbjects: 

A) NCR User Interface Version 3.10.10, by NCR 

Corporation, modified by the MIS Department, University of 

Arizona. 

B) SuperKey Version 1.11A, by Borland International. 

C) capture programs, by the MIS Department, 

University of Arizona. 

D) Applications programs, by the MIS Department, 

University of Arizona. 

Information Provided The Subjects 

This section details some of the instructions given 

to the subjects before the warmup exercises and experiments 

(see Appendix F). It was emphasized to the subjects that 

these experiments were not a test of their ability, but 



rather a test of the software. The experiments were 

designed so that the subjects (given all levels of 

experience) could use their ability to help the 

experimenters evaluate this software. 
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Each subject was assured that their identity would 

not be revealed. To insure this, each subject was assigned 

a unique ID number. All data analysis was be made based on 

this ID number. In this way the experimenters could 

protect the identity of each student and at the same time 

eliminate any possible bias towards a particular student. 

Since the subjects participated in the experiment 

during one of several different time periods, the 

experimenters requested that the subjects not discuss the 

contents of these experiments with others. It was 

explained tha't it was very important for the integrity of 

the experiments that the subjects to follow not know 

beforehand what the tasks were that were on the experiment. 

Incentive Structure. As an incentive to complete 

these tasks as rapidly as possible, and to the best of 

their ability, a monetary prize was offered to the top 36 

performers. These monetary prizes we=e awarded to the top 

three performers in each group (cell) of the experiment. 

Given twelve cells, this amounted to thirty-six monetary 

prizes in total. The first, second and third place 



finishers received monetary prizes of $20, $10, and $5, 

respectively. 
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The method for evaluating the top performers was 

similar to that used to evaluate a person's typing speed. 

Each subject's overall total time to complete the tasks 

(gather from the monitoring program) was recorded. Then 60 

seconds were added to the subjects total time for each 

"error" encountered. Error referred to any incomplete or 

incorrect task. A task in which several attempts are made 

before it was completed correctly was not considered an 

error. Subjects completing the tasks in the least amount 

of time indicated superior performances. 

Work Quickly. As a result, subjects were encouraged 

to complete the tasks as quickly as possible, but not at 

the expense of sacrificing completeness or accuracy. 

Subjects were informed that the time required to complete 

their set of tasks would probably vary from subject to 

subject, depending on their background and the differences 

in the software issued them. 

Observer I Consultant Assistance. Subjects were 

discouraged from requesting observer / consultant 

assistance during the final experiment tasks. Frequent 

requests for assistance were seen as a possible confounding 

effect on the results, and therefore an attempt was made to 

control for them. 
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During the warmup exercises, subjects were 

encouraged to ask the consultants for assistance. This was 

seen as an opportunity for subjects to become familiar with 

their user interface, the documentation, and their computer 

system. However, during the final experiment, subjects 

were asked to refrain from asking the consultants for help. 

Subjects were informed, however, that if they found that 

they were totally stuck, and simply could not go on, AS A 

LAST RESORT, they should call over a consultant. 

steps in Conducting This Experiment 

The following list briefly outlines the steps that 

were taken in conducting this experiment. 

1) Design the initial experiment. 

2) Distribute experimental design, set of tasks, and 

pretest / posttest questionnaires to peers for comments. 

3) Re-evaluate the pretest and posttest 

questionnaires, the treatments, and the set of tasks. 

4) Select subjects for pilot study. 

5) Conduct pilot study. 

6) Analyze pilot study results. 

7) Re-design experiment design, experiment 

implementation, task selection and questionnaire 

instruments, based on pilot study results. 

8) Select target subject populations and administer 

pretest questionnaire. 



9) Evaluate pretest questionnaires and determine 

sqbjects suitable for the experiment. categorize viable 

subjects into one of three groups: 

novice/casual/experienced. 
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10) Randomly assign each pool of subjects to one of the 

four treatments. 

11) Schedule subjects/consultants/computer room for 

experiment sessions. 

12) Conduct actual experiments. 

A) Introductory remarks by experimenter (Appendix E) 

B) Show the introductory video tape (Appendix F) 

C) continued remarks by experimenter (Appendix E) 

D) Instructions for completing this experiment 

(Appendix G) 

D) Subject consent form (Appendix H) 

E) Warmup exercises (Appendix C) 

F) Experiment tasks (Appendix D) 

G) Definition of terms (Appendix I) 

H) Questionnaire, (Appendix B) and for some 

students, 

I) DOS help documentation (Appendix V) 

13) Consolidate and code all subject data into a 

database. Finally, generate a datafile of all subjects' 

information for SPSS/X. 



14) Analyze the data. 

A listing of typical times to complete a experiment 

session is shown in Table 8. 

Method For Recording Subjects Keyboard Activity 
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This section describes a methodology that was 

developed to obtain objective performance measures for each 

subject while completing the experimental tasks. In this 

way, empirical data were accurately and systematically 

collected for each subject and used to compare the 

respective usability of each user interface treatment. A 

set of programs (written in Assembly, Pascal, and Fortran 

languages) were designed and used to (1) collect 

performance data for each subject by logging all keyboard 

activity, (2) store each subject's data to disk as separate 

files for subsequent use, and (3) analyze these files in 

order to generate summary reports of the collected data. 

The literature reports several efforts to collect 

information about system performance and how this 

information has been used. This information is valuable to 

system developers, managers, system evaluators, and 

researchers (Yoder, McCracken, and Akscyn 1984). Many 

researches have stressed the need for the assistance system 

to gather statistical information about itself (RelIes and 

Price 1981; Fenchel 1981; Houghton 1984). In a sense, the 

system would "eavesdrop" on user interaction, thus keeping 



a diary file on who did what. By referring to the 

resulting statistical file and follow-up reports, the 

administrator or programmer could identify trends in 
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systems usage. Yoder, McCracken and Akscyn (1984) used the 

term "instrumentation" to refer to this system software 

designed to automatically collect data used to evaluate and 

monitor itself. Neal and Simons (1983) designed a separate 

general-purpose data-collection program that operates 

online, without the need to modify the host system 

software. In this way the data collection process does not 

intrude on the user's thoughts or activities, and is 

designed with the ability to "playback" each user's 

session, for subs~quent evaluation. They found this 

package "to be very effective for objective evaluation and 

comparison of software including the user interface design 

and software documentation," (Neal and Simons 1983, p.82). 

Other researchers (RelIes and Price 1981; Fenchel 1981), 

referring specifically to online assistance systems, 

stressed the need for the systems to gather statistical 

information in order to help evaluate themselves. 

statistical Monitoring Program 
Designed for these Experiments 

A set of programs were designed and used to monitor 

and capture all subject keyboard activity during the 

experimental sessions. The program was independent of the 
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user interface and documentation software, and was designed 

to collect all keystrokes for the subjects entire session. 

Consistent with the system designed by Neal and Simons 

(1983), the program was nonintrusive during the data

collection process. Subjects were unaware of its presence 

and it did not· interfere with their ability to perform the 

task. This program captured every keystroke that the 

subject pressed, without any noticeable degradation in 

system response time (recorded in random access memory). 

Because each subject used a dedicated microcomputer, the 

microcomputer was easily capable of overseeing the 

"capture" program, as well as the user interface and task 

programs. 

Measurement Accuracy 

Measuring the time required to perform tasks has 

been a primary dependent variable in many research studies 

(Neal and Simons 1983; Roberts and Moran 1983; Yoder, 

McCracken, and Akscyn 1984, Lewis 1987). However, it is 

worth noting that the method of measuring the time, and 

thus the accuracy of this measure, varies significantly 

from study to study. Roberts and Moran (1983) used time as 

a dependent variable, in the context of text editors, and 

used a clock and a stopwatch. In this implementation, time 

was measured using the built-in clock in an IBM PC, which 

uses an 8253 timer/counter chip to accrue approximately 
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18.2 ticks per second. This time measure is considerably 

more granular than is required for the purposes of this 

experiment. Time, measured in PC clock ticks, were later 

translated into the unit of minutes for reporting purposes. 

The program automatically captured all user keyboard 

entries, and inserted timestamps at the completion of 

specified critical events. Subsequently, this captured 

keyboard information was analyzed to produce (1) a detailed 

report for each subject and (2) a summary report on all 

subjects. This resulted in the following information: 

1. Time and number of characters required to complete: 

A. Warmup exercises (total) 

B. Experiment tasks (total) 

C. Each individual experiment task 

2. The number of Break, ESCape, and Function Keys 1 -

10 that were pressed during the warmup exercises and 

experiment tasks. 

A. Warmup number of characters 

B. Warmup number of break keys 

C. Warmup number of ESCape keys 

D. Warmup number of function keys 1 - 10 

E. Task number of characters 

F. Task number of break keys 

G. Task number of ESCape keys 

H. Task number of function keys 1 - 10 



Detailed descriptions of the set of programs 

designed, coded and used to accomplish the statistical 

monitoring and analysis of subject keystroke activity is 

described in Appendix N. 

Mechanics of Data Analysis 
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The data obtained from this study were consolidated 

from several sources: (1) pretest questionnaire (see 

Appendix A), (2) posttest questionnaire (see Appendix B), 

(3) experiment tasks instruction sheet (see Appendix D), 

(4) consultant/observer forms (see Appendix K), (5) files 

and data obtained from each subject's work diskette, (6) a 

log file of each subject's keyboard activity (along with 

time information) during the experiment. Many of these 

data required some pre-analysis and/or coding in order to 

put them into a useful format for input into one of six 

different database relations (using dBase III implemented 

on a microcomputer). Subsequently, the six database 

relations were combined into one file and uploaded from the 

m~crocomputer to a DEC VAX 11/780 for analysis using 

SPSS/X. 

This study was primarily investigative in nature. 

Standard descriptive statistics and analysis of variance 

techniques were used to test the study hypotheses and to, 

more generally, determine if significant effects existed 

across the primary dimensions of the experiment. 
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CHAPTER 6 

ANALYSIS AND RESULTS 

This chapter contains the following sections: A) 

general subject information; B) dependent measure 

development; C) confound and validation checks; D) warmup 

exercise results , and E) results by hypotheses. The 

following notations are used in this section: Level of 

experience (EXP), form of documentation (DOC), and degree 

of interface assistance (SHELL). The term "expert" is used 

interchangeably with lIexperienced users" as defined in 

Chapter 2. 

General Subject Information 

Table 9 provides several general information items 

about the subjects who participated in these experiments. 

Table 10 reports subject experience with computers and 

Table 11 provides additional information on subject 

computer usage and attitudes toward the experimental tasks. 

Some of these characteristics are discussed below. 

The age of the subjects ranged from 18 to 46, with a 

mean of 22.9. Forty-eight percent of the subjects were 

female and 52% male. The majority of the subjects were 

seniors (59%), with 40% juniors. The single largest major 

was Management Information Systems (34%), with 56% majoring 



in the remaining business and public administration areas 

(Accounting, Economics, Finance, Management, and 

Marketing), and 10% representing all other majors. 
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with three levels of experience for the subjects and 

four different treatments, 12 distinct cells make up this 

experiment. 

The bottom of Table 9 shows that the number of 

subjects assigned to each cell ranges from 10 to 12. Since 

the SHELL dimension is of particular importance in these 

experiments, we note that 21 to 24 subjects at each level 

of expertise received the "Shell" treatment (total of 69 

subjects) and 23 to 24 subjects at each level received the 

"Non-Shell" treatment (total of 71 subjects). Likewise, 22 

to 24 subjects at each level of expertise received the 

Online Help Documentation (total of 70 subjects) and 22 to 

24 subjects at each level received the written Help 

Documentation (total of 70 subjects). 

Dependent Measure Development 

The primary dependent measures employed in this 

experiment were performance measures and included: Total 

Time to Complete Tasks (TIME); Total Number of Characters 

to Complete Tasks (CHAR); Number of Times Subject Requested 

Assistance (ASST), and Number of References Made to the DOS 

Help Documentation (REF) (see Exhibit 1). These measures 

were collected for both the warmup exercises and 



experimental tasks (see Appendices C and D). Table 12 

reports Pearson correlations between these primary 

dependent measures for the warmup exercises. Table 13 

reports Pearson correlations between the primary dependent 

measures for the experimental tasks. 
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As indicated in Table 13, the dependent measures for 

the experimental tasks.are significantly correlated, 

ranging from .46 to .73. In addition to observer

consultant reports and log files of subject requests for 

assistance and accessing of DOS help documentation, 

subjects were also asked to provide a self-report of how 

many times they had asked the consultant for help and how 

many times they had referred to the DOS help documentation. 

It was expected and supported that subjects have a tendency 

to underreport these measures. What was surprising, 

however, was the relatively low correlation between the 

observed measures and subjects· reports of these measures. 

The correlation between observed requests for assistance 

and subjects· report of requests was .35. Similarly, the 

correlation between observed accessing of DOS help 

documentation and subjects' report of referral to DOS was 

.49. Although these correlations are significant 

(p < .001), they are not as SUbstantial as anticipated. 

The correlation of the dependent measures in the 

warmup tasks (reported in Table 12) are not as high or as 
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consistent as those for the experimental tasks, ranging 

from no significant relationship to .48. In addition to 

the performance based dependent measures, subjects provided 

an online report of their attitude toward the warmup tasks 

(see Appendix C). Specifically, they reported on a 7 point 

semantic differential scale to the item, "I find these 

warmup exercises very easy/very difficult." Results, 

reported in Table 12, indicate a significant, but not 

sUbstantial relationship between attitude toward the warmup 

exercises and total time needed to complete the exercises 

(-.29; p < .001), and requests for consultant assistance (

.22, P < .001). That is, more negative attitudes were 

associated with worse performance. 

Table 14 reports on the relationship between the 

primary dependent measures for the warmup and experimental 

tasks. As indicated in these results, there was some 

significant but no sUbstantial correlation between the 

d~pendent measures at the two points in time. There are 

several probable reasons for these results. During the 

warmup exercises, subjects were encouraged to experiment 

and "become familiar" with their user interface 

environment. This provided an opportunity for users to get 

comfortable with both the interface and the documentation, 

and to approach the final experiment tasks with a better 

understanding of what to expect. Also, subjects were 



encouraged to seek assistance during the warmup exercises 

but not during the final experimental tasks. Because of 

the low correlations between the dependent measures during 

the warmup and final experiments, results are reported 

separately for the warmup exercises. 
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In addition to the performance based dependent 

measures, several general attitude measures were collected 

in the research. Refinement of these measures was 

completed in the final experiment. These measures 

included: an 8 item measure of general attitudes to 

computers (SHAFT MEASURE); a new 5 item general attitudes 

to computers measure developed for this research (NGA); an 

8 item measure of satisfaction with the task 

(SATISFACTION); and a 4 item online report of attitude 

toward the experimental tasks (ONLINE ATTITUDE). Table 19 

summarizes Cronbach's alpha and intercorrelations for the 

attitude scales used in this research. Several steps were 

taken to ensure that these were valid and reliable measures 

of the attitudinal constructs of interest and the results 

of these analyses are reported in the sections below. 

SQaft Measure of General Attitude Toward Computers. 

The Shaft measure of general attitudes toward 

computers is an eight item seven point semantic 

differential scale that has been validated and employed in 

previous research (Shaft 1983, Sharfman and Gleeson 1984). 



Although previous research has found adequate reliability 

for the SHAFT measure (Cronbach's alpha = .83, N = 192), 

the componential structure of the measure and 

generalizability of the measure to other subject pools has 

not been investigated. An exploratory factor analysis of 

the 8-item shaft measure with a varimax rotation was 

conducted. The results are reported in Table 15. As 
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indicated in Table 15, two factors accounted for 60% of the 

variance and had respective eigenvalues of 3.59 and 1.18. 

Although several items had significant crossloadings 

between the two factors, only two items loaded high on 

factor two and low on factor one. These items were 

considered candidates for deletion. A reliability analysis 

confirmed that these items should be dropped from the 

scale. The Cronbach's alpha for the final 6-item Shaft 

measure employed in this research was .83. Item-total 

correlations ranged from .53 to .73. Exhibit 2 shows the 

final six item Shaft measure used in this research. 

New Measure of General Computer Attitudes 

A five-item seven-point semantic differential scale 

to measure general computer attitudes was developed for the 

purposes of this research (see Exhibit 3). This scale was 

developed, in part, to provide convergent validity for the 

SHAFT measure. 
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An exploratory factor analysis revealed only one 

factor with an eigenvalue over 1.0, and this factor 

explained 65% of the variance. Reports of the factor 

analysis are provided in Table 16. The Cronbach's alpha 

for the 5-item new general attitudes measure (NGA) was .86. 

Item to total correlations ranged from .60 to .80. The 

Pearson Correlation between the Shaft measure and the new 

general attitudes measure is .78 substantiating 

considerable convergence between the two measures of 

computer attitudes (see Table 19). 

Measure of satisfaction with Task Performance 

An eight-item seven-point semantic differential 

scale to measure subject's general feelings about their 

performance of the tasks was developed for this research 

(see Exhibit 4). Although the scale is labelled a 

satisfaction measure, it more accurately depicts the 

subject's feelings about the tasks and the experimental 

experience generally. An exploratory factor analysis 

revealed only 1 factor with an eigenvalue over 1, 

explaining about 65% of the variance. The results of the 

factor analysis are reported in Table 17. Cronbach's alpha 

for the satisfaction measure was .92, indicating a very 

reliable preliminary measure. Item to total correlations 

ranged from .60 to .84. It was expected that satisfaction 

with the experimental tasks should be positively correlated 
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with the subject's general attitude toward computers. The 

Pearson Correlations between the satisfaction scale and the 

Shaft measure and new general attitude measure were .66 and 

.62 respectively (see Table 19). 

Online Measure of Attitude Toward Tasks 

Tasks 5 and 11 required subjects to report online 

about their attitude toward the tasks they had completed up 

to that point (ONLINE ATTITUDE) (see Exhibit 5). Subjects 

responded to a total of four items (two for task 5 and two 

for task 11), using a 7-point Likert type agree/disagree 

scale. An exploratory factor analysis of these four items 

again revealed only one factor with an eigenvalue over 1 

explaining 74% of the variance. The results of the factor 

analysis are reported in Table 18. Cronbach's alpha for 

the 4-item scale was .88, and item to total correlations 

ranged from .71 TO .79. As anticipated, the online 

attitude measure was positively correlated with reports of 

task satisfaction (.66) and with the subject's general 

attitudes toward computers (about .45 for both measures), 

(See Table 19). 

The Relationship Between the Performance and Attitudinal 
Dependent Measures. 

Table 20 reports correlations between the 

performance and general attitude dependent measures 

employed in this research. As indicated, poorer 
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performance (more total time, more characters used to 

complete task, more requests for assistance and more 

accessing of DOS help documentation) was associated with 

negative attitudes toward computers, less satisfaction with 

task performance and more negative online reports of 

computer attitudes. Of particular interest is the high 

correlation between the satisfaction measure and time 

needed to complete tasks (.71). Taken as a whole, the 

results reported in Table 20 suggest a convergence between 

the performance based and attitudinal dependent measures. 

Confound and Validation Checks 

The questionnaire included several items designed to 

check other variables controlled across levels of the 

design (see Exhibit 6). Tables 21 and 22 report the 

results of the analyses used to examine potential 

confounds. As indicated in Table 21, experience has a 

significant effect on perceived typing ability, perception 

of computer system speed and perception of the quality of 

the DOS documentation. Specifically, as compared to 

experts, novices felt their typing ability hindered their 

performance (Scheffe < .05). Mean scores ranged from 5.02 

to 6.06 on a 1 to 7 scale. However, novices perceived the 

computer system as faster than experts (Scheffe < .05). 

Mean scores ranged from 3.33 (for experts) to 3.91 (for 

novices). Experts differed from both casual and novice 
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users in their perception of the quality of the DOS 

documentation text (Scheffe < .05). Mean scores ranged 

from 4.40 (for novices) to 5.79 (for experts). These 

results were not very surprising and did not appear to 

threaten the integrity of the results. A more important 

concern was whether these variables were effected by the 

Shell and Documentation conditions in the experiment. As 

indicated in Table 21, there was no significant effect of 

online versus written documentation on any of these 

variables. However, the presence of a shell interface had 

a significant effect on the perception of DOS text quality. 

surprisingly, the effect was the opposite of what would be 

expected. That is, users perceived the DOS text quality as 

lower in the SHELL versus the NOSHELL condition. Mean 

scores were 4.78 and 5.40 respectively. Thus, while this 

result still represents a potential confound, it is a 

confound likely to dampen rather than strengthen results. 

Table 22 reports results of chi-square analysis to 

examine a potential confound of differences in subject 

motivations for participating across the levels of the 

design. As indicated in Table 22, there were some 

differences in motivations for participating between 

expert, novice and casual users. Experts were more likely 

to indicate the desire to help MIS do research than casual 

or novice users. Twenty-one percent of experts gave this 



as a reason for participating, as compared to 6.4% of the 

novices and 10% of the casual users. Interpretations of 

the effect of experience on performance must be considered 

in light of this differences in motivation. 

warmup Exercise Results 

The Warmup Exercises (see Appendix C) were added to 

the front end of the experiments in an effort to overcome 

the difficulty that subjects experienced during the pilot 

study (see Chapter 5). This section review~ the results 

for the major dependent measures based on an analysis of 

the data collected during the warmup exercises. These 

results are summarized in Table 23. 
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As indicated in Table 23, there was a significant main 

effect of experience on two of the four performance 

dependent measures. Mean scores for expert (e), casual (c) 

and novice (n) users respectively for the performance 

dependent measures were as follows: TIME (e = 23.82, c = 

26.55, n = 27.95); CHARACTERS (e = 165.56, c = 163.04, n = 
154.80); ASSISTANCE (e = 1.67, c = 2.31, n = 2.91); 

REFERENCE (e = 3.13, c = 3.15, n = 2.86). Interestingly, 

although experts are using significantly less time than 

novice and casual users to complete the warmup tasks, they 

are using the same number of characters (perhaps exploring 

system capabilities more) and accessing DOS help 

documentation as frequently as casual and novice users. As 
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indicated previously, one attitudinal measure was collected 

during the warmup exercises that asked subjects about the 

ease/difficulty of the warmup tasks. There was only a 

marginally significant main effect of experience on this 

dependent measure (F=2.6, p < .08). 

Table 23 also reports a significant main effect of the 

user interface for three of the four performance dependent 

measures. Mean scores for the SHELL (s) and NOSHELL ens) 

conditions respectively for the performance dependent 

measures were as follows: TIME (s = 28.35, ns = 23.82); 

CHARACTERS (s = 175.84, ns = 147.20); ASSISTANCE (s = 2.88, 

ns = 1.69) and REFERENCE (s = 3.01, ns = 3.08). Note that, 

in general, presence of the SHELL significantly decreased 

task performance during the warmup tasks. It is important 

to keep these learning costs in mind when reviewing the 

final experiment results. There was a significant main 

effect of the user interface on subjects' reports of the 

difficulty of the warmup exercises (F= 6.24, P < .02). 

Again, subjects reported the tasks were easier in the 

NOSHELL (u = 6.01) than in the SHELL (u = 5.25) condition 

(1 = very difficult, 7= very easy). 

Finally, Table 23 reports a significant main effect of 

online versus written documentation for two of the four 

dependent measures, and a marginally significant main 

effect for a third variable (e.g., Assistance). Mean 
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scores on the performance dependent measures for the ONLINE 

(0) and WRITTEN (w) documentation conditions respectively 

were: TIME (0 = 26.70, w = 25.38); CHARACTERS (0 = 192.17, 

w = 130.46); ASSISTANCE (0 = 2.51, w = 2.04) and REFERENCES 

(0 = 3.93, w = 2.17). There were no significant 

differences in the perceived difficulty of the warmup tasks 

between the online and written documentation conditions. 

In general, task performance on the warmup tasks appeared 

worse under the online documentation condition. 

Table 23 also summarizes several interesting 

interaction effects. In particular, for three of the four 

performance dependent measures there was a three way 

interaction between experience, the user interface, and 

online documentation. The most significant of these is for 

the dependent measure TIME. However, interpretation of the 

results are problematic. For example, expert users showed 

their best performance in the ONLINE/NOSHELL condition (u = 

19.82) and their worst performance in the ONLINE/SHELL 

condition (u = 28.33). In contrast, casual users showed 

their best performance in the WRITTEN/NOSHELL condition (u 

= 19.68) and their worst performance in the WRITTEN/SHELL 

condition (u = 31.35). Finally, novice users showed 

essentially equivalent performance in all of the treatments 

except the ONLINE/SHELL condition, where they turned in 

their worst performance (u = 31.60). That is, 



surprisingly, novices took slightly less time in the 

ONLINE/NOSHELL condition (25.67) than any other condition. 

The highly significant user interface by online 

documentation interaction reported for the ASSISTANCE 

dependent measure accords reasonably well with 

expectations. Across experience group, the fewest 

assistance requests were in the WRITTEN/NOSHELL condition 

(u = .97). The remaining treatments initiated an 

essentially equivalent number of requests: ONLINE/SHELL (u 

= 2.60); ONLINE/NOSHELL (u = 2.43); and WRITTEN/SHELL (u = 
3.18) • 

Results by Hypotheses 

Tables 24 and 25 report the major results of the 

final experiment. Table 24 reports results for the 

performance dependent measures in the experiment (e.g., 

TIME, CHAR, ASST and REF). Table 25 reports results for 

the attitude dependent measures in the experiment (e.g., 

SHAFT, NGA, SATISFACTION, and ONLINE ATTITUDE). 
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Hypothesis 1 suggests a main effect of experience on 

task performance and attitude toward the tasks. As 

indicated in Table 24, experience had a significant effect 

on total time to complete tasks, total number of characters 

used to complete tasks, number of times subjects requested 

assistance, and a weak, but significant effect on the 

number of references subjects made to the DOS help 
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documentation. In each case, casual users' performance 

fell between novice and expert users' performances. Mean 

scores for expert (e), casual (c) and novice (n) users 

respectively for the performance dependent measures were as 

follows: TIME (e = 23.30, c = 30.73, n = 37.20); CHARACTERS 

(e = 544.17, c = 638.63, n = 697.50); ASSISTANCE (e = .50, 

c = 1.31, n = 2.16); and REFERENCE (e = .79, c = 5.29, n = 
5.93). 

Table 25 illustrates the effect of experience on the 

attitudinal dependent measures. As indicated, experience 

had a significant effect on both measures of general 

attitude toward computers (e.g., SHAFT and NGA). 

Experience also had an effect on satisfaction using the 

computer and online reports of attitude toward the computer 

tasks. Mean scores for expert, casual and novice users 

respectively for the attitudinal dependent measures were as 

follows: SHAFT (e = 6.11, c = 5.42, n = 4.59); NGA (e = 
5.91, c = 4.86, n = 3.86); SATISFACTION (e = 6.15, c = 
5.32, n = 4.48) and ONLINE ATTITUDE (e = 6.38, c = 5.52, n 

= 4.76). Thus, hypothesis 1 was supported. 

Hypothesis 2 proposed a user interface by experience 

interaction. Specifically, the SHELL condition was 

expected to have a positive impact on novice and casual 

user performance and satisfaction, but have no effect on 

experienced users' task performance and satisfaction. As 
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indicated in Table 24, the user interface had a significant 

effect on total time to complete tasks, total characters 

used to complete tasks, and references to DOS help. The 

effect of the user interface on requests for assistance was 

marginally significant (F = 3.63, P < .06). Specifically, 

mean scores for the SHELL (s) and NOSHELL (ns) conditions 

respectively for the performance dependent measures were as 

follows: TIME (s = 28.40, ns = 31.98); CHARACTERS (s = 

574.59, ns = 673.48); ASSISTANCE (s = .99, ns = 1.61) and 

REFERENCE (s = 2.49, ns = 7.39). Thus, in general, the 

user interface improved performance, reducing amount of 

total time, number of characters, need for assistance and 

references to DOS help. As indicated in Table 25, the user 

interface also had a marginally significant effect on NGA 

(attitude toward computers) and users' ONLINE ATTITUDE. 

Specifically, mean scores for the attitudinal dependent 

measures for the SHELL and NOSHELL conditions respectively 

were: SHAFT (s = 5.44, ns = 5.37), NGA (s = 5.06, ns = 

4.76); SATISFACTION (s = 5.40, ns = 5.29) and ONLINE 

ATTITUDE (s = 5.28, ns = 5.86). Interestingly, for 

respondent reports of online attitude toward the tasks, the 

absence of a shell was associated with a higher (not lower) 

attitude. This is inconsistent with results for the other 

attitudinal measures and makes interpretation problematic. 
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The hypothesized interaction between experience and 

amount of user interface was partially supported for the 

performance dependent measures. specifically, the 

experience by shell interaction was significant for number 

of references made to DOS Help. For each experience group 

(expert, casual and novice), the presence of the user 

interface reduced references to DOS help. However, for 

experts, the comparison of SHELL performance (3.00 

references) versus NOSHELL performance (4.58 references) 

was less dramatic than for casual and novice users. Casual 

users' SHELL performance (2.58 references) was far superior 

to NOSHELL performance (8.00) (Scheffe < .05). The effect 

of the SHELL on references to HELP was even more dramatic 

for novices -- 1.81 references with the SHELL and 9.70 

references without the SHELL (Scheffe < .05). The 

experience by user interface interaction also approached 

significance for total time to complete tasks. Experts 

used essentially equivalent time with the SHELL (23.10) and 

without (23.52). Casual users showed slightly improved 

times with the user interface (29.50) as compared to 

without it (32.87). Novices, however, showed markedly 

better performance with the user interface (33.23) as 

compared to without it (40.83). Interestingly, although 

experts performed equivalently or slightly better with the 

user interface, their reported satisfaction with task 
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performance was higher without a user interface (6.36) than 

with one (5.94). Casual users expressed only slightly 

greater satisfaction with the shell interface (5.37) than 

without (5.27), but novices were more satisfied when using 

an interface (4.82) than not (4.16). satisfaction was the 

only attitudinal dependent measure for which an experience 

by user interface interaction was significant, and in this 

case the significance was marginal (F = 3.39, P < .04). In 

general, results were consistent with hypothesis 2. The 

user interface appeared useful for all groups, but impacted 

novice performance and attitude the most and expert 

performance and attitude the least. Figure 12 and Table 29 

illustrates the results for the hypothesized experience by 

user interface interaction for REFERENCES, TIME and 

SATISFACTION. 

Hypothesis 3 was formulated around the specific 

online documentation implementation for this research and 

proposed that users would not show diminished satisfaction 

or task performance for online versus written 

documentation. Unfortunately, hypothesis 3 was not 

supported. Total time to complete tasks, number of 

characters used, requests for assistance and references to 

DOS help all increased when documentation was online rather 

than written. Specifically, mean scores on the performance 

measures for the ONLINE (0) and WRITTEN (w) documentation 



conditions respectively were: TIME (0 = 33.00, w = 27.45); 

CHARACTERS (0 = 704.19, w = 545.30); ASSISTANCE (0 = 1.63, 

w = .97) and REFERENCES (0 = 6.30, w = 3.66). 

Encouragingly, although users were slightly more satisfied 

with written (u = 5.52) than online (u = 5.17) 

documentation (F = 4.26, P < .05), the differences on the 

other attitudinal measures were not significant. 
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consistent with hypothesis 3, hypothesis 4 proposed 

no significant interaction between experience and online 

documentation. Specifically, an attempt was made to design 

the user interface so that novices would be able to use it 

as easily as written documentation. Results on this 

hypothesis were more encouraging. Specifically, there was 

no significant interaction between experience and online 

documentation for any of the performance dependent 

measures. There was a marginally significant experience by 

documentation interaction for the NGA (attitude toward 

computers) measure. Specifically, mean scores on the NGA 

for experts were (0 = 6.12, w = 5.70), for casual users (0 

= 4.78, w = 4.93), and for novices (0 = 3.56, w = 4.14). 

This pattern of results, though not significant on the 

other dependent measures, is still consistent. That is, 

experts seem to show a slight (but not significant) 

preference for online documentation while casual and 

especially novice users prefer written. Figure 13 and 
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Table 30 illustrates the results for the hypothesized lack 

of a significant interaction between user experience and 

online documentation for TIME, NGA and SATISFACTION. In 

general, hypothesis 4 was supported. All users experienced 

a decrement in satisfaction and performance with the online 

documentation, but this decrement was not significantly 

h~gher for novice and casual users than it was for expert 

users. 

The premise of hypothesis 5 is that the online 

documentation is easier to use with the user interface than 

without it. Consequently, the user interface makes more of 

a difference in performance when the documentation is 

online than when it is written. However, it was expected 

that this effect would interact with experience, such that 

experts would not have difficulty using the online 

documentation even without a user interface, but casual and 

novice users would. The results for the performance 

dependent measures, reported in Tables 24 and 32, and 

illustrated in Figure 14, suggest a strong user interface 

by documentation interaction. While a user interface is 

marginally helpful even when documentation is written, it 

appears vital when documentation is online. Specifically, 

Table 24 reports a highly significant SHELL by DOC 

interaction for CHARACTERS (F = 25.21, P < .001), and 

marginally significant SHELL by DOC interactions for TIME 
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(F = 3.63, P < .06); ASSISTANCE (F = 4.40, P < .04), and 

REFERENCES (F = 3.74, P < .06). Specifically I for 

CHARACTERS, performance in the NOSHELL/ONLINE condition was 

significantly worse (u = 816.86) than for the three 

remaining conditions: SHELL/ONLINE (u = 591.51); 

SHELL/WRITTEN (u = 557.18) and NOSHELL/WRITTEN (u = 534.08) 

(Scheffe < .05). For TIME, performance in the 

NOSHELL/ONLINE condition was significantly worse (u = 
36.10) than both the NOSHELL/WRITTEN (u = 27.97) and 

SHELL/WRITTEN (u = 26.88) conditions (Scheffe < .05). For 

REFERENCES, performance in the NOSHELL/ONLINE condition was 

significantly worse (u = 9.4) than for the three remaining 

conditions: SHELL/ONLINE (u = 3.2), SHELL/WRITTEN (u = 
1.77), and NOSHELL/WRITTEN eu = 5.4) (Scheffe < .05). 

Despite very consistent results on the performance 

dependent measures, there were no significant user 

interface by documentation interactions for the attitudinal 

dependent measures. Hypothesis 5 as formulated was not 

supported. There were no significant three way 

interactions between EXPERIENCE, SHELL and DOCUMENTATION. 

Nevertheless, as indicated by Tables 26 and 27, results 

were directionally consistent with this hypothesis. All 

experience groups appeared to show a greater difference in 

performance between the SHELL and NOSHELL condition when 
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the documentation was on-line rather than written, but this 

was much more pronounced for novices than for experts. 

Table 26 provides means for the performance 

dependent measures broken down by the 12 cells of the 3x2x2 

design. Similarly, Table 27 provides means for the 

attitudinal dependent measures broken down by 12 cells of 

the 3x2x2 design. 
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CHAPTER 7 

DISCUSSION, IMPLICATIONS AND CONCLUSIONS 

This chapter provides an interpretation of the 

research findings; presents a set of implications and 

guidelines of the research for practitioners as well as 

researchers; discusses the limitations of the research: and 

provides a discussion of directions for future research. 

The following notations are used in this section: Level of 

experience (EXP) , form of documentation (DOC), and degree 

of interface assistance (SHELL). The term "expert" is used 

interchangeably with "experienced users" as defined in 

Chapter 2. 

Interpretation of Research Findings 

The research findings of Chapter 6 illustrate 

several major points relevant to the impact of user's level 

of experience using computers, user interface and online 

documentation on task performance and user attitude and 

satisfaction. 

1) Experience has a major positive impact on task 

performance and user attitudes. In general, there appears 

to be a linear relationship between experience and task 

performance and user attitudes. That is, the more 



experienced, the better the performance and the more 

positive the attitudes toward and satisfaction with the 

tasks. 

2) In general, the user interface had a positive 

impact on task performance across the experience groups. 

In particular, although experts were not more satisfied 

with the user interface than without it, their performance 

was better. 

3) Users were generally as satisfied with online as 

compared to written documentation. However, consistent 

with previous findings and despite elaborate attempts to 

make the online documentation consistent with user needs, 

task performance was worse with online as opposed to 

written documentation. 

4) There was a strong interaction between the two 

treatment variables (user interface and online 

documentation) for the task performance measures. In 

particular, with written documentation, users seemed to 

perform equivalently with or without the user interface, 

but with online documentation, the user interface became a 

crucial facilitator of task performance. This effect was 

most pronounced for novice users, but the expected three 

way interaction of experience, user interface and online 

documentation did not attain significance for the final 

experiment. 
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5) In general, the task performance dependent measures 

appeared more sensitive to differences in the independent 

variables than the attitudinal dependent measures. 

Although there were high correlations between the task 

performance and attitudinal dependent measures, there was 

less variation across cells for the attitudinal dependent 

measures. 

Each of these points will be discussed in more 

detail based on the findings of Chapter 6. The focus will 

be on setting the stage for discussion of the relevance and 

applicability of the results for practitioners and 

researchers. 

The Effect of Experience on 
Task Performance and Attitudes 

consistent with previous finding this research found 

that experience makes a big difference in task performance 

and user attitudes. Not only does experience affect 

absolute task performance, but it also impacts relative 

sensitivity to treatment. In particular, there was much 

less variation in response by experts between the four 

treatments than for casual and novice users. For example, 

while casual and novice users required substantially more 

time in the SHELL/ONLINE than in the NOSHELL/ONLINE 

condition, for experts the differences in time between the 

two conditions were modest. 
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In a variety of ways experts went into the task with 

a sUbstantial advantage. Even in little ways this 

advantage shows. For example, they were more confident in 

their typing ability, more comfortable with the quality of 

the DOS documentation, and in some ways more motivated. 

Recall that experts were significantly more likely to be 

motivated to participate by the desire to help with MIS 

research. Moreover, their general attitudes toward 

computers were significantly more positive. While general 

attitude toward computers is treated as a dependent 

variable in this research, examination of pre-experimental 

arid post-experimental scores on the SHAFT measure of 

general computer attitudes reveals sUbstantial stability on 

this score regardless of treatment (see Table 28 for a 

comparison of pre- and post-experimental scores). 

Specifically,a score computed as the difference between 

the SHAFT pre- and post- experimental scores was not 

affected by any of the factors in this research design 

(e.g., experience, user interface or online documentation). 

It is reasonable to expect that general attitudes are not 

dramatically affected by a single exposure to computer 

tasks. It would probably require several positive 

experiences with the computer for novices to begin to 

attribute the positive experience to the use of computers 

generally rather than the particulars of that specific 



exposure. Experts clearly had the advantage of being ~ore 

positively disposed toward the computer and computer tasks 

going into the experiment. 

Finally, although interpretation is somewhat 

speculative, experts appeared to approach the warmup 

exercises differently than casual and novice users. For 
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example, experts used significantly less time on the warmup 

exercises, but they made equivalent references to DOS help 

documentation and used an equivalent number of characters 

to casual and novice users. When contrasted with their 

final experiment performance, where experts made 

substantially fewer references to DOS help and used 

significantly fewer characters, the warmup results suggest 

that experts may have been exploring system capabilities 

a~d, perhaps, even playing. 

The Effect of the User Interface 
on Task Performance and Attitudes 

A major purpose of this research was to test a user 

interface designed to be sensitive to the differing needs 

of a wide range of users. In general, this research 

SUbstantiated the value of the user interface tested in 

this research across user experience categories. For 

experts and novices alike, task performance improved with 

the user interface. This contrasts with at least some 



previous findings that suggest expert users are more 

efficient without a menu-driven user interface. 

At the same time, it is dangerous and misleading to 

interpret main effects in the presence of significant 

interactions. In this research, there was a strong 

interaction between the user interface and online versus 

written documentation. This interaction has important 

implications for interpretation of the user interface main 

effect and is discussed in detail in a subsequent section. 
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Comparing warmup exercise with final experiment task 

performance as regards the shell interface yields some 

interesting insights. In general, presence of the SHELL 

significantly decreased task performance during the warmup 

tasks. That is, there appeared to be some learning or 

experience curve effect for the user interface. Thus, in 

the final experiment, presence of the user interface 

decreased total time, total characters, requests for 

assistance and references to DOS help, while in the warmup 

exercise tasks the presence of the user interface had the 

opposite effect. The point at which a user interface 

becomes a help rather than a hind.i~:ance appears to be' a 

crucial question. 



The Effect of Online Documentation 
on Task Performance and Attitudes 
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A major objective in software development is to move 

toward paperless documentation. Chapter two outlined the 

many advantages of paperless over written documentation. 

This research tested an online documentation with the hope 

that users would be as comfortable with the online as the 

written documentation. Unfortunately, task performance was 

worsened when using online as compared to written 

documentation. 

Again, results must be interpreted somewhat 

cautiously because of the significant interaction between 

the documentation and user interface conditions. However, 

the F values are sufficiently large for the main effect of 

online documentation that the decrement in performance 

resulting from online documentation is an important finding 

of the research. Interpretation of this decrement is 

reasonably straight-forward for the performance dependent 

measures of TIME, ASSISTANCE and REFERENCES. However, 

interpretation of the CHARACTERS dependent measure could be 

misleading. The largest effect for online versus written 

documentation was observed for the CHARACTERS dependent 

measure. Obviously, however, if some subjects are doing 

online what other subjects are doing using a written 

document, the online subjects will use more keystrokes. 

Consequently, in the case of online versus written 
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documentation, task performance is not well captured by the 

dependent measure CHARACTERS. Interpretation of number of 

references to DOS help is also somewhat problematic. On 

the one hand referencing help indicates that the subject is 

experiencing difficulties, and clearly subjects felt the 

need to reference help more in the online than in the 

written documentation condition. However, in the same way 

that people are more likely to look up the spelling of a 

word if the dictionary is handy, referencing DOS help may 

indicate that subjects were comfortable using the DOS help 

package. Given the preponderance of evidence in this 

experiment for other interpretations, this researcher is 

not advocating that subjects preferred the online 

documentation, but only that results are somewhat less 

clear-cut than would at first be implied. 

Interestingly, there was no significant effect of 

documentation dimension on time during the warmup exercise 

tasks and only a marginal effect on requests for 

assistance. However, consistent with the final experiment 

results, subjects in the online condition used 

significantly more characters (not surprisingly) and 

referenced the DOS help documentation significantly more 

often. 

Results of the online condition for the attitudinal 

dependent measures were more encouraging. Subjects did not 



view the warmup tasks as more difficult in the online 

versus written documentation conditions, and subjects 

reported only slightly higher satisfaction with written 

than online documentation. Hence, although it truly 

appears to take somewhat longer using the online 

documentation, perspectives of the users for online versus 

written documentation are not markedly different. 

The User Interface and Online 
Documentation Interaction Effect 

An important contribution of this research was to 

separately consider the effects of a menu-driven user 

interface and the presence of online versus written 

documentation. As indicated previously, research has 

tended to confound these two components or treat them as 

one and the same. The overriding conclusion of this 

research is that use of online documentation is 

significantly facilitated by the presence of a user 

interface. Hence, the differences in performance between 
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the SHELL/WRITTEN and NOSHELL/WRITTEN conditions were small 

compared to the differences in performance between the 

SHELL/ONLINE and NOSHELL/ONLINE conditions. 

A three way interaction between experience, user 

interface and online documentation was hypothesized, but 

not supported in the final experiment. In general, 

however, the user interface and online documentation 
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interaction was most pronounced for novices. For example, 

expert users showed only slight differences in TIME between 

the SHELL/ONLINE and NOSHELL/ONLINE, but casual and novice 

users demonstrated much worse performance in,the 

NOSHELL/ONLINE condition. The three way interaction between 

experience, user interface and online documentation was 

found for the warmup exercise results. However, 

interpretation of the warmup exercise three way 

interactions is not in any way intuitive, perhaps because 

of the learning costs associated with the ONLINE/SHELL 

condition. For example, for the warmup exercises, novices 

turned in their worst time performance in this condition. 

However, the ONLINE/SHELL condition was second best 

(slightly behind WRITTEN/SHELL) for novices' time in the 

final experiment. 

Results for the Tasks Performance as compared 
to the Attitudinal Dependent Measures 

Researchers have increasingly focused attention on 

the importance of including attitudinal as well as task 

performance dependent measures in the evaluation of system 

implementations. Unfortunately, computer use attitude 

measurement is in its infancy, and there is a real dearth 

of reliable and validated attitudinal measures. 

One important contribution of this research was the 

measurement and validation of several attitudinal measures. 
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Results were, in many ways, very encouraging. However, 

attitudinal measurement should still be considered at the 

exploratory stage. Reliabilities on all four of the 

attitudinal measures were well above acceptable levels for 

early scale development. Moreover, there was considerable 

convergence among the attitudinal measures and between the 

attitudinal and task performance measures. For example, 

the correlation between reported task satisfaction and TIME 

(the primary task performance measure) was -.71. That is, 

taking more time to complete the tasks was highly 

associated with lower reported satisfaction. Of the 

attitudinal dependent measures, satisfaction appeared to be 

the one that holds the most promise. satisfaction had the 

highest correlation with the task performance dependent 

measures and also showed more variability across the 

treatment conditions than the other attitudinal measures. 

In general, the attitudinal measures appeared less 

sensitive to experimental treatments. This could be for at 

least two very different reasons. First, it could be that 

subjects' affective reactions were, in fact, very sensitive 

to the experimental conditions, hut these attitude measures 

were inadequate in capturing those feelings. That is, 

perhaps subjects who used the interface really were much 

happier than subjects who did not, but this satisfaction 

measure was not sensitive enough to fully capture that 
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difference. The other possible explanation is that 

subjects really are less sensitive to differing treatments 

in their attitudes than in their task performance. 

Conclusion 

In general, the research findings, although specific 

to this subject pool and this particular implementation, 

are consistent with previous findings. Moreover, the 

results help to extend previous findings in several new 

directions. Consequently, the results have numerous 

implications for practitioners and researchers alike. 

These implications are detailed in the next section. 

Implications of The Research Findings 

This section outlines the implications of the primary 

findings of this research for both practitioners and 

researchers. The implications are organized around the 

major research findings enumerated in the previous section 

and further divided into suggestions for the practitioner 

focusing on application of the results of Chapter 6 and 

suggestions for academic researchers focusing on research 

in the general area of user interfaces. 

Implications of the Effect of Experience 
on Performance and Attitudes 

Implications for Practitioners. The strong positive 

impact of experience on task performance and user attitudes 



should come as no surprise to the practitioner. However, 

practitioners obviously need to remain sensitive not only 

to absolute differences in performance between experience 

levels, but also different patterns of performance. 

Whereas practitioners may intuitively believe that 

experts are harder to please than novices (because of 

higher expectations), this doesn't appear to be the case. 

with the single exception of perceived computer speed, 

experts were happier with the implementation than novices. 
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Implications for Researchers. The findings of this 

research suggest that casual users' performance and 

attitudes fall between those of experts and novices in a 

basically linear fashion. Consequently, researchers may be 

able to test implementations using two rather than three 

experience groups. 

At least for this implementation, expert users' task 

performance was less sensitive to variations in treatments 

than either novice or casual users' performance. It could 

be that this result is unique to this implementation and, 

with more demanding tasks, expert users would show more 

variation between treatments in their performance. 

However, it is worth noting that expert and novice users 

did not differ significantly in their perceptions of the 

difficulty of the warmup exercises. An alternative 

explanation is that expert users are simply more adaptive 



and adjust quickly to a variety of task environments. 

R~searchers need t~ be sensitive to the difficulty of 

creating task environments for expert users that capture 

the varied effect of differing treatments on their 

performance. 

Implications of the Effect of User 
Interface on Performance and Attitude 

Implications for Practitioners. For practitioners 

considering selection of a user interface, an important 

finding of this research is that this user interface 

generally improved performance across user experience 

categories. This is not to say that other implementations 
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would be better or worse. For example, an object-oriented, 

graphic, direct manipulation implementation might prove 

even more successful. 

Practitioners would be quick to point out that even 

though expert users' performance is equivalent or better 

with the user interface, they don't like it as well. From 

the viewpoint of the practitioner it would be important to 

better understand expert users' perceptions in order to 

counter the apparent discrepancy between attitudes and 

performance. 

Practitioners should also be interested in the 

learning curve effect associated with the user interface. 

Making the learning period appear easy and fun may be 
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critical to the adoption of the interface by the user. The 

benefits of the user interface can only be accrued if the 

user is willing to invest in some upfront learning. In the 

case of this implementation, the learning costs were fairly 

minor. The warmup exercise period was only about 35 to 45 

minutes. Not only is it important for practitioners to 

know how long this learning period lasts, but it is 

critical for them to understand user perceptions of how 

long this learning period lasts. 

Implications for Researchers. The warmup exercises 

were included because of difficulties in subject 

understanding evident during the pilot testing. The 

importance of the warmup tasks to the experimental results 

is substantial. A comparison of task performance between 

the warmup tasks and the final experiment tasks reveals how 

critical it is to consider performance within a particular 

time frame. A central issue for researchers is how to 

measure task performance when it is constantly changing. 

Rather than considering cumulative performance on a set of 

tasks, researchers may want to compare performance slopes 

between treatments. For example, time to complete a set of 

tasks may be the same for two treatments, but in one 

treatment performance improves much more rapidly. This 

would have important implications for future performance. 
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It would be dangerous for researchers to 

overgeneralize the findings for this user interface 

implementation. Obviously, each implementation varies in a 

variety of ways. However, this research raises several 

questions regarding the relationship between expertise and 

menu-driven interfaces that deserve additional exploration. 

For example, what explains the discrepancy between expert 

performance and preferences with a user interface? 

Implications of The Effect of Online 
Documentation On Performance and Attitudes 

Implications for Practitioners. Practitioners should 

be cautious in implementation of this online documentation. 

In particular, the online documentation is associated with 

lower task performance. However, when accompanied by the 

user interface the difference is fairly minor. Paperless 

documentation remains an important objective not fully 

attained by this implementation. Other implementations may 

be more effective in attaining this goal. For example, new 

help modes that retain contextual reference by allowing the 

user to window and toggle between modes may result in 

improved user performance. 

Again, practitioners would note that users are only 

slightly less satisfied with the online than written 

documentation. The many benefits of online documentation 

to software manufacturers (and users through decreased 



costs and guaranteed availability and currency of 

documentation) may more than offset the minor costs of 

lowered task performance. 

Implications for Researchers. Researchers need to 

pursue the goal of paperless documentation with varied 

implementations. This particular implementation did not 

work as well as the researchers hoped 0 AI"l interesting 

question is whether performance using online documentation 

would have improved with the completion of additional 

tasks. That is, perhaps there's a learning curve for 

online documentation and it becomes an effective tool only 

after users have passed a critical juncture in their ease 
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and understanding of the tool. To resolve this issue would 

require measurement of task performance over time using the 

online implementation. 

Implications of The User Interface and 
Online Documentation Interaction Effect 

Implications for Practitio· .• ,:;rs. Of all of the 

results, practitioners may be most interested in the strong 

interaction between the user interface and online 

documentation. The use of online documentation is 

significantly enhanced by the presence of a user interface. 

This finding suggests that practitioners should attempt to 

achieve simultaneous acceptance of both facets of the 

implementation. 
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Implications for Researchers. This research was very 

significant in separately considering the effects of the 

user interface and online documentation. The approach used 

in this research holds considerable promise for 

understanding how individual facets of an implementation 

contribute to the total effect. This provides researchers 

with a more refined understanding of how users respond to 

specific features of a system while systematically varying 

other features. Each implementation may remain unique in 

several respects, but with replication of these kinds of 

experimental results across differing implementations, it 

may be possible to attain some level of generalizability. 

Implications of the Results for the 
Performance as Compared to the 
Attitudinal Dependent Measures 

Implications for Practitioners. This research was 

responsive to practitioners' need to understand user 

adoption and attitudes toward computers better. User 

satisfaction is paramount in selling systems. Yet, very 

little effort, to date, has been directed at understanding 

user satisfaction. This research provides an important 

step in the direction of understanding what users want. 

Chapters 1 and 2 stressed the vital importance of "user 

friendly" implementations. From the practitioner's 

viewpoint, user task performance may be much less important 

than user perceptions of task performance and user 
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attitudes toward and satisfaction with the implementation. 

There are sUbstantial differences in some cases between 

user perceptions and performance, and it is absolutely 

crucial for practitioners to understand both. Based on 

these research findings, users' attitudes may not be as 

sensitive to differences in their task performance as 

practitioners thought. That is, within ranges of task 

performance, user satisfaction remains essentially the 

same. This has important implications for user acceptance 

of various user interface implementations. Because in 

general users are not likely to be as motivated to minimize 

time, etc. as they were in this experiment (because of the 

incentive structure), equivalent user satisfaction with 

ranges of task performance may be even more pronounced in 

natural user environments. 

Implications for Researchers. The inclusion of a 

variety of performance and attitudinal' dependent measures 

was a crucial contribution of this research. The measures 

developed or elaborated in this research represent good 

building blocks for continued refinement of attitudinal 

measures. Each of the measures showed high reliability, 

and there was sUbstantial convergence among the dependent 

measures. 

Researchers should be very interested in exploring and 

understanding apparent discrepancies between user 



perceptions and parfoL~ance. A particularly interesting 

finding was the low correlation between user perception of 

requests for assistance and accessing of DOS help and 

observed measures. A more systematic examination of

discrepancies between user perceptions and performance is 

clearly needed. 

Implications for Software Designers 

It is important to remember that the user interface 

implementation used in these experiments was primarily 

menu-driven and fill-in-the-blank, with context sensitive 

online help documentation. Care must be taken in making 

comparison with user interface implementations that have 

different characteristics. For example, users of an 

object-oriented, graphic, direct manipulation 

implementation may show very different results given the 

same set of tasks. However, several software design 

considerations are suggested from these experiments. 
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This research suggests that user acceptance and 

adoption of a user interface may be dependent on their 

satisfaction, general attitude and perception of it. These 

perceptions may be as important as the functionality it 

offers or the users performance while using it. From the 

software designers viewpoint, user task performance may be 

much less important than user perceptions of task 

performance and user attitudes toward and satisfaction with 
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the implementation. It was shown in these experiments that 

despite significantly lower task performance using online 

documentation (as compared with written), the users were 

only slightly less satisfied. 

The experiments showed that the existence of a user 

interface generally improved performance across all levels 

of user experience. However, the use of online 

documentation was significantly enhanced by the presence of 

a user interface. Online documentation, without the 

existence of a user interface proved to significantly 

decrease performance, particularly for those with lower 

levels of experience. This finding suggests that designers 

should take great care in attempting to provide some form 

of user interface when implementing online documentation 

This experimenter believes that a different help 

documentation implementation could show significant 

improvements in both performance and attitudinal results. 

The present implementation places the user in one of two 

modes: (1) the active, command oriented mode, or (2) the 

help mode (which filled the entire screen when invoked). A 

windowing environment, that allowed the user to retain 

contextual reference to the active mode, and allow the user 

to toggle between the two modes (windows), could improve 

user performance. This would be especially helpful if the 

user could select specific examples from the help mode and 
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automatically transfer them to the active mode, modify them 

(if necessary), and than issue them as commands. 

User experience level remains the primary 

determinant of how well a user will perform and what their 

satisfaction will be. It appears that expert users are 

simply more adaptive and adjust quicker to a variety of 

task environments than do novice users. 

Based on a comparison of the results from the warmup 

exercises and the final experiment tasks, it was evident 

that an up-front learning curve existed for users provided 

with the user interface and/or the online documentation. 

It is important for software designers to understand how 

long this learning period lasts and why. The point at 

which a user interface and/or online documentation become a 

help rather thana hindrance appears to be a crucial 

question. In order to fully understand this issue, it will 

probably be necessary to better understand the user, their 

experience, and their mental models of the system. 

When comparing this learning curve for users with 

different levels of experience, it is important to 

determine exactly what the users are spending their time 

learning. In these experiments it is very possible that 

experienced users were using the warmup exercise period to 

become familiar with the actual user interface environment, 

fitting it within an existing framework or mental model of 



a system. While the novice users may have been trying to , 

understand new terminology and build a basic mental model 

of what the system entailed. It appears that training for 
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novice users remains a very important and necessary step to 

improved performance and user satisfaction. 

It appears to make sense that interfaces should 

assume a novice user, with the ability to be redefined for 

the more experienced user as needed. In this way, all 

users would be able to initiate a session using the 

interface. 

Conclusion 

The research findings have several important 

implications for practitioners, designers and researchers 

alike. perhaps one of the most important implications is 

that experimental research in this area has the capacity to 

both answer important questions and raise new questions 

that ultimately move technology in the direction of 

effective communication between humans and computers. 

Thus, an important contribution of this research is in 

setting a precedent for future experimental research. As 

is true with any experimental design, there are several 

limitations. Implications must be interpreted in light of 

these limitations, which are discussed in detail in the 

next section. 



Limitations 

The findings of this research should be interpreted 

in light of several limitations. These limitations can be 

grouped into three categories. First, intrinsic to a 

laboratory experiment is the issue of generalizability of 

results to field settings. Second, the dependent measures 

developed and used in this research are a significant 

advance over previous measures, but are still subject to 

many limitations. Third, a few minor potential confounds 

in the design were detected that qualify the research 

findings. 

Generalizability of Results 
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The use of a laboratory experiment involves the 

usual tradeoff between internal and external validity. The 

balance is always a delicate one. Many researchers have 

cogently argued that scientific inquiry should proceed from 

the experimental laboratory to the field laboratory, 

strictly in that order. The purpose of this experiment was 

not to produce universally generalizable results, but to 

initiate a series of inquires into the interaction between 

human and computer in a carefully controlled and monitored 

setting. Nevertheless the issue of generalizability is an 

important and appropriate one. 

The subject pool for this experiment was students. 

The profile of these students is not unlike the profile of 
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entry level managers. However, students' interests and 

motivations may differ from managers' and generalizability 

to other populations remains an issue. Moreover, this 

experiment used a limited number of types of tasks. The 

selection of tasks involved sUbstantial pretesting and was 

necessary in order to explore user responses across levels 

of experience. However, the incorporation of different 

tasks might lead to different results. Finally, this 

research tested one specific implementation of user 

interface and online documentation. As noted previously, 

different user interface and documentation implementations 

could lead to different results. A major challenge for 

future researchers is to find a basis for comparing results 

between different specific implementations. 

Dependent Measures 

This research sought to develop and validate a wide 

range of performance and attitudinal measures. As regards 

dependent measure development, the research met with mixed 

success. On the one hand, the attitudinal and performance 

measures were significantly associated, and the attitudinal 

measures were internally reliable. However, the 

attitudinal measures were not particularly variable across 

the experimental treatments. The most consistent of the 

attitudinal measures was the measure of user satisfaction 

developed for this research. Future research should focus 



on the psychometric properties of user satisfaction. The 

issue of the relationship between exposure to a set of 

computer tasks and changes in general computer attitudes 

also deserves more attention. In this research few 

significant differences in general attitude as a function 

of experimental treatment were sUbstantiated. 
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The performance dependent measures used in this 

research are standard in the user interface research field. 

However, these measures too are subject to some 

limitations. For example, number of characters used may 

not make sense as a dependent measure when comparing online 

versus written documentation. Online documentation 

inherently requires typing more characters. Additionally, 

wide differences between actual and perceived task 

performance raise issues of which is most important when 

the focus is on users. The implicit assumption has been 

that user satisfaction parallels user performance, but 

there may be systematic and important differences. 

Potential Confounds 

Examination of the confound checks reveals that 

differences between experienced and novice users captures 

much more than simply their relative experience with the 

computer. For example, experienced users feel more 

comfortable with DOS help documentation, more comfortable 

typing on a computer, and are also motivated differently. 



In this research, experienced users were much more 

interested in helping MIS do research than were novice 

users. This may have affected their dedication and 

commitment to performance and further exacerbated the 

performance and attitude differences between novice and 

experienced users. 

Future Research Directions 
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One of the most significant contributions of this 

research has been to open up new avenues for research. The 

basic goal of this research is to help human and computer 

interaction and to make it easier to produce more effective 

user interfaces. This research raised several issues 

paramount to effective future explorations in this area. 

These are summarized below. 

1) Researchers need to know more about the 

relationship between user perceptions, preferences and 

performance. Notable discrepancies between user 

preferences and performance, and user perceptions and 

performance emerged. Effective system design requires some 

combination of user satisfaction and efficient performance. 

Hence, it is important to understand the determinants of 

both. 

2) Researchers need to know more about the time frame 

for learning user interfaces. Sever~l researchers have 

noted the need for longitudinal studies (Ledgard, Singer, 
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Whiteside 1979, Lewis 1987). As Lewis (1987) noted, the 

interest is often not in how users perform on a system 

today, but how they will perform in two years. 

Unfortunately, so far it takes two years to find that out. 

One possible solution is to chart learning curves for tasks 

and use forecasting techniques to anticipate user 

performance in future periods. 

3) Researchers need to know more about user 

motivations and approaches to learning and how task 

performance and attitudes vary as a function of these user 

states and orientations. This research suggested 

differences between experts and novices in their 

motivations. Future research might explore just novices 

with differing motivations and learning approaches to 

examine their responsiveness to differing implementations. 

Novice users are likely to be a more heterogeneous group 

than experienced users, with some novices on their way to 

becoming experienced users and others reluctant to use the 

computer any more than they absolutely have to. 

4) Researchers need to develop more and better 

measures of user interface "success". For example, 

attitudinal measure development is in its infancy and 

requires sUbstantial additional effort before researchers 

can feel confident that valid and reliable measures of user 

attitudes and satisfaction are available. In addition 



other measures of success should be investigated, such as 

subject comprehension and long term learning effects. For 

example, if the interface requires a significantly longer 

amount of time to complete, but has the side effect of 

educating the user, thus increasing his/her knowledge and 

confidence, then this could be the payoff. Finally, it 

would be desirable to develop better methods of collecting 

and evaluating online usage statistics. Ideally, these 

statistics would be included in all programs and the 

program would re-orient itself, based on these statistics. 

5) It would be beneficial for researchers need to 

generalize these results to other settings. Research to 

generalize these results might move in several different 

directions. For example, researchers might generalize to 

other populations, other tasks, or other implementations. 
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A particular focus should be on developing 'better matches 

between the particular user, user task and the user 

interface. Unfortunately, most systems are designed on 

best-guess judgements, or intuition. It may take decades 

to gather enough solid empirical data, for all forms of 

implementations, and then some meta-analysis, before useful 

guidelines can be produced. 
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APPENDIX A 

PRETEST QUESTIONNAIRE: 
ADMINISTERED PRIOR TO THE EXPERIMENT 



10 #: 

Course #: 

Date: 

PRETEST QUESTIONNAIRE 
FOR THE USER INTERFACE EXPERIMENTS 

Notice: The information collected from this 
questionnaire will be used for statistical analysis by the 
MIS research personnel at the University of Arizona. Your 
identity will remain confidential. 

Please follow the instruction and answer all appropriate 
questions. Your cooperation is very much appreciated. 

Student Name : 

Matric Number: 

Phone Number : 
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We would like to have some information about you. 
Please check or answer the following four questions: 

1. Class level: (1) Freshman 

(3) Junior __ 

(5) Graduate 

2. Your major (e.g. Accounting): 

3. Age: 4. Sex: (1) Male 

(2) Sophomore 

(4) Senior 

(2) Female 

We are interested in learning the extent of your 
exposure to computers. Please respond to the following 
questions, providing detailed information where 
appropriate. 

5. Have you ever used a computer? 
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(1) Yes (2) No (If No, please skip to 
question 14 beginning on page 
4 and continue) 

6. How long has it been since you FIRST used a computer 
(years) ? 

7. What is the average time that you have spent using a 
computer during the past year (hours per week) ? 

8. How many computer languages have you learned? 

(a) (If zero, please skip to question 
9 and continue) 



(b) If you have learned one or more languages, 
through which channels you did learn them ? 

High school courses 

College/University courses 

Self-taught 

others: Please specify: 

(c) Please list all languages you are familiar with 
(e.g., BASIC): 

9. How many computer related courses, including computer 
applications, languages, and theories, 
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(a) have you taken ? (b) are you taking ? 
(c) If you have taken one or more courses, pleas-e--

list all of those courses (e.g. MIS 111, CSC 115, 
MIS 331, etc.). Circle those that you are 
currently taking : 

10. Do you know any operation system? 

(a) (1) Yes (2) No --- -- (If No, please skip to 
question 11 and 
continue) 

(b) Please iist all operation systems you have worked 
with'(e.g., MS-DOS) : 

(c) Place a check mark by the following terms with 
which you are familiar (check those that apply) : 

(i) Environmental managers 

(iii) Interface managers 

(ii) Shells 

11. Please list all computer hardware you have worked with 

(e.g., IBM PC) : 



12. In what capacity have you used a computer? 

____ Running software packages (e.g. word processor) 

Programming software 

statistical analysis 

Playing computer games 

others: Please specify : 

13. Have you ever owned your own computer? 

(a) (1) Yes (2) No (If No, please skip to 
question 14 and 
continue) 

(b) Please list the model(s) of your computer(s) 
(e.g. IBM-PC): 

14. Do you plan to take or continue taking any computer 
related courses within the next two years ? 
(1) Yes __ (2) No 
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15. Do you expect to make use of computers in your future 
career ? 

(a) (1) Yes (2) No ____ (If No, please skip to 
question 16 and 
continue) 

(b) How do you expect to make use of computers in 
your future career (choose one) ? 
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(1) Data Processing (DP) PROFESSIONAL, such 
as a programmer, system analyst, data 
base administrator, project manager, or 
operator, etc. 

(2) KNOWLEDGEABLE DP user, such as an 
engineer, financial analyst or 
corporate planner who may be involved 
with the coding of simple programs and 
the selection and/or use of existing 
software packages. 

(3) NON-DP TRAINED user, such as engineer, 
financial analyst or corporate planner 
who may select and/or use software 
packages. 

(4) NON-DP TRAINED user, such as manager, 
bank teller or clerk who may use a 
computer provided with the job, but 
only to the extent determined by the 
employer. 

(5) Others, please specify: 



16. We would like you to use the scales below to describe 
what you think about the computer. Please indicate 
your view of computers by CIRCLING the number that 
most closely corresponds to your point of view. Just 
give your first impression. 

(a) Restrain 
creativity 1 

(b) Harmful 1 

(c) Enjoyable 
to use 1 

(d) Boring 1 

(e) A sound 
investment 1 

(f) Difficult 
to use 1 

(g) Non
Threatening 1 

(h) Decrease 
productivity 1 

2 

2 

2 

2 

2 

2 

2 

2 

PLEASE CIRCLE 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

3 4 5 6 

Enhance 
7 creativity 

7 Helpful 

Frustrating 
7 to use 

7 Intriguing 

A waste of 
7 money 

Easy to 
7 use 

7 Threatening 

Increase 
7 productivity 
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17. The following questions are concerned with various 
skills, abilities and interests. Please circle the 
number that best reflects your position for each 
question. 

PLEASE CIRCLE 

(a) How do you rank your knowledge about computers ? 

Very 
knowledgeable 1 2 3 4 

Not 
5 6 7 knowledgeable 
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(b) In your chosen profession do you think that you will ? 

Never use 
computers 

1 2 3 4 5 6 7 Use computers 
frequently 

(c) In general, how would you describe your experiences 
with using computers ? 

Very positive 1 2 3 4 5 6 7 Very negative 

(d) How would you describe your quantitative abilities ? 

Very poor 1 2 3 4 5 6 7 Very good 

(e) How would you describe your verbal abilities ? 

Very poor 1 2 3 4 5 6 7 Very good 

(f) How do you feel about learning computers ? 

Very 
enthusiastic 1 2 3 4 5 6 7 

Not very 
enthusiastic 

(g) How would you rate your typing ability ? 

Poor typist 1 2 3 4 5 6 7 Expert typist 
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18. Sometime within the next couple of weeks, you may be 
asked to participate in an experiment using a 
computer. This experiment should take approximately 
ONE HOUR. In order to help us schedule, please 
indicate those time slots that WOULD NOT be convenient 
for you, by placing a mark ("X") in the time slots you 
are NOT AVAILABLE. Later we will arrange an exact 
time for you to participate in the experiment. 

M T W Th F Sa 

8 . 9 

9 • 10 

10 • 11 

11 . 12 

12 • 1 

1 . 2 

--'- ---_ .. -
... 

2 • 3 

3 • 4 

4 • 5 
.._-

5 • 6 

6 • 7 

7 • 8 

8 . 9 

This is the end of the pretest. We thank you very much 
for your time and cooperation. 
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APPENDIX B 

POSTTEST QUESTIONNAIRE: 
ADMINISTERED AFTER THE EXPERIMENT 



QUESTIONNAIRE 

ID #: 

Date: 

questionnaire will 
MIS research 
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Notice: Information collected from this 
be used for statistical analysis by the 
personnel at the University of Arizona. 
remain confidential. 

Your identity will 

When answering the following questions, work quickly and 
accept your first impression. 



1. In general, how would you describe your experience in 
completing the tasks in this experiment ? 

Very 
frustrating 1 2 3 4 5 6 7 

Very 
enjoyable 
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2. While trying to complete the set of tasks, was it easy 
to learn how to operate the computer ? 

Very easy to 
to learn to 
operate 1 2 3 4 5 6 

Very difficult 
to learn to 

7 operate 

3. How satisfied were you with your performance of the 
tasks ? 

Very 
unsatisfied 1 2 3 4 5 6 7 

Very 
satisfied 

4. How did this experience affect your feelings toward 
using computers ? 

Greatly 
lowered 
my opinion 1 2 3 4 5 6 

5. While completing the tasks I felt 

Completely 
confused 1 2 3 4 5 6 

6. ~lliile completing these tasks I was 

Frequently 
frustrated 1 2 3 4 5 6 

7 

7 

7 

Greatly 
increased 
my opinion 

Complete 
compre
hension 

Never 
frustrated 



7. As a result of doing this experiment, I feel that I 
understand more about computing in general 

strongly strongly 
agree 1 2 3 4 5 6 7 disagree 

8. I now feel confident in using the computer 

Strongly Strongly 
disagree 1 2 3 4 5 ·6 7 agree 

9. I plan to pursue a career that will use computers 

Absolutely 1 2 3 4 5 6 

10. I found the computer easy to use 

Strongly 
disagree 1 2 3 4 5 6 

7 

7 

Impossible 

Strongly 
agree 
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11. Generally, when trying to run an APPLICATION program I 
felt that I 

Totally under
stood what I 
was doing 1 2 3 4 5 6 7 

Was 
completely 

confused 

12. Generally, when trying to issue a DOS command I felt 
that I 

Was 
completely 
confused 1 2 3 4 5 6 

Totally under
stood what I 

7 was doing 

13. When looking up a DOS command, I found the answers to 
be 

Very clear 1 2 3 4 5 6 7 Very confusing 



14. I found the DOS HELP Documentation to be 
Not at all 

.Very helpful 1 2 3 4 5 6 7 helpful 

15. When trying to find something in the DOS HELP 
Documentation I 

Frequently 
, got lost 1 2 3 4 5 6 7 

Never 
got lost 

224 

16. Overall, how would you rate the DOS HELP Documentation 

Excellent 1 2 3 4 5 6 7 Terrible 

17. My typing ability hindered my performance on these 
tasks 

Tremendously 1 2 3 4 5 6 

18. The tasks in this experiment were 

Much too 
easy 1 2 3 4 5 6 

7 

7 

19. Did you feel that the computer system was 

Too slow 1 2 3 4 5 6 7 

Not at all 

Much too 
difficult 

Too fast 



20. We would like you to use the scales below to describe 
what you think about the computer. Please indicate 
your view by CIRCLING the number that most ,closely 
corresponds to your point of view. Just give your 
first impression. 

If I think about having to use a computer, I feel 

(a,) extremely completely 
anxious 1 2 3 4 5 6 7 comfortable 

How do you feel when working with computers: 

(b) inferior to superior to 
computer 1 2 3 4 5 6 7 computer 

(c) always always 
in control 1 2 3 4 5 6 7 out of control 

Do you feel that computers are: 

(d) an autonomous 
entity that 

an instrument for can perform 
man/woman's the functions 
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purposes 1 2 3 4 5 6 7 of human thinking 

(e) very adaptive / work 
demanding 1 2 3 4 5 6 7 with you 

( f) in control at your 
of you 1 2 3 4 5 6 7 mercy 



21. We would like you to use the scales below to describe 
what you think about the computer. Please indicate 
your view of computers by CIRCLING the number that 
most closely corresponds to your point of view. Just 
give your first impression. 

(a) Enhance 
creativity 

(b) Helpful 

(c) Frustrating 
to use 

(d) Intriguing 

(e) A waste of 
money 

(f) Easy to 
use 

(g) 
Threatening 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

PLEASE CIRCLE 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

6 

6 

6 

6 

6 

6 

6 

Restrain 
7 creativity 

7 Harmful 

Enjoyable 
7 to use 

7 Boring 

A sound 
7 investment 

Difficult 
7 to use 

Non-
7 Threatening 

Decrease 
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(h) Incraase 
productivity 1 2 3 4 5 6 7 productivity 



22. How many times did you refer to the DOS HELP 
Documentation ? 

times 

23. How many times did you ask the consultant for help? 

times --------

24. Which tasks (from the EXPERIMENT TASKS) did you find 
to be the EASIEST and why: 

25. Which tasks (from the EXPERIMENT TASKS) did you find 
to be the MOST DIFFICULT and why: 

2~. What was your motivation for participating in these 
experiments ? 

____ Monetary Incentive 

Learn about state of the art computer interface 

Required for class 

To help the MIS Department conduct research 

____ Other: Please Specify: 
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27. How many years of work experience (paid position) have 
you had using computers (years) : 

28. Please use the back of the last page of this 
questionnaire to give us suggestions on how to make 
the human-computer user interface easier to learn and 
use. 

29. Make any additional comments you what to make on ~he 
back of this questionnaire. 



This concludes the POSTTEST QUESTIONNAIRE. This also 
concludes your participation in these experiments. Thank 
you for your time and cooperation. Please leave quietly, 
in case others are still working on the experiment. 
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APPENDIX C 

WARMUP EXERCISE INSTRUCTIONS 
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ID #: 

Date: 

WARMUP EXERCISES 

Notice: The information collected from this set of tasks 
will be used for statistical analysis by the MIS research 
personnel at the University of Arizona. Your identity will 
remain confidential. 

Please follow the instructions and use the computer to 
complete the tasks listed in the following page. We would 
like you to work as quickly as you can, but please complete 
all the tasks and work as accurately as possible. Your 
cooperation is very much appreciated. 
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The purpose of this set of exercises is to help you become 
familiar with the computer, the DOS Help Documentation and 
some of the terminology used in these experiments. You 
will use your experience gained in these exercises to 
complete the EXPERIMENT TASKS. If you become confused 
while completing these tasks, ask the consultants for help. 

There are two basic kinds of tasks that you will use in 
this experiment. They are APPLICATION and DOS tasks. The 
exercises below will help to familiarize you with the use 
of these commands. 

A space is provided next to each task for rating its 
difficulty. The rating scale is 1 to 7, as indicated 
below: 

Extremely 
Easy 

1 2 3 4 5 

Extremely 
Difficult 

6 7 

After you complete each task, circle the number that most 
closely corresponds to the degree of difficulty you felt 
the task to have. 

For those of you familiar with microcomputers, DO NOT 
REBOOT THE SYSTEM. This will invalidate your results. 



Task 

232 

Extremely Extremely 
No. Description of Task Easy Difficult 

1. When you are ready to begin these 1 2 3 4 5 6 7 
tasks, press Function Key 5 (F5) 
five times in succession. 

2. APPLICATION PROGRAM: FIRST 1 2 3 4 5 6 7 

3. 

Run the application program called 
FIRST. You may type in either 
upper or lower case. The ENTER 
key is located where the carriage 
return key is on a typewriter. 
You will gain information from 
FIRST that you will be able to use 
in the succeeding exercises. 

First select the #1 for the 
APPLICATION MENU. Then select #1 
for the FIRST Application Program. 

APPLICATION PROGRAM: INTRO 
Run the application program 
called INTRO. 

1 2 3 4 5 6 7 

4. DOS COMMAND: VER 1 2 3 4 5 6 7 
Refer to the DOS HELP 
DOCUMENTATION (this is referred 
to as ONLINE HELP for many of you) 
for an explanation of this command. 
This command displays the DOS 
Version number that is on your 
computer. You will see a message 
on your computer screeno Write 
the DOS Version number below: 

5. DOS COMMAND: VOL 1 2 3 4 5 6 7 
This command displays the Volume 
Number of the diskette that you 
are currently working on. You 
will see a message on your screen 
from the computer. Write the 
Volume Name below: 



Task 

233 

Extremely Extremely 
No. Description of Task Easy Difficult 

6. APPLICATION PROGRAM: SAMPLE 
Run the application program 
called SAMPLE. 

1 2 3 4 567 

7. DOS COMMAND: DIR 
The purpose of this task is 
twofold; 1) to teach you how 
to find a directory of the files 
on your computer's diskette, and 
2) to teach you how to use the 
DOS HELP DOCUMENTATION. 

Primarily, we want to acquaint 
you with the HELP DOCUMENTATION. 
There are 3 levels of HELP: 1) 
the table of contents, or main 
menu, 2) command detail -- uses 
and format, and 3) for many 
commands there are examples of 
how to use the command following 
the command detail. 

A. Look up DIR in the DOS HELP 1 2 3 4 5 6 7 
DOCUMENTATION. Refer to the 
USES section to determine 
make sure that you know what 
this DOS Command is used for, 
and how to find this answer~ 

B. Become familiar with how the 1 2 3 4 5 6 7 
DOS HELP DOCUMENTATION is 
arranged. DO NOT BE 
INTIMIDATED BY THE FORMAT 
SECTION. It frequently makes 
things look harder than they 
really are. Look forward to 
the EXAMPLES section for a more 
intuitive explanation of how 
to use the command. 

Note that DRIVE [d:] and PATHNAME 
[pathname] are not necessary in 
these experiments. They can be 
bypassed by hitting the ENTER key. 
Many times, when you are uncertain 
what is being requested of you, hitting 
the ENTER key will supply the correct answer. 



Task 
No. Description of Task 
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Extremely Extremely 
Easy Difficult 

7 C. Locate the SAMPLE COMMANDS or 1 2 3 4 56 7 
EXAMPLES SECTION that follow 
the USES and FORMAT sections 
of the documentation. Find 
the first example using the 
DIR within the EXAMPLES SECTION 
and write it below: 

D. DOS COMMAND: DIR 
Now issue the DIR command on 
on your computer and write 
the last name listed on your 
screen below: 

1 2 3 4 5 6 7 

8. A. DOS COMMAND: TIME 1 2 3 4 5 6 7 
Refer to the DOS HELP 
DOCUMENTATION and find the 
command called TIME. Perform 
this command on your computer. 
What TIME does your computer 
show? 

B. Set the computer's time to 11 1 2 3 4 5 6 7 
hours, 30 minutes, and 10 
seconds. 

9. To indicate that you have 1 2 3 4 5 6 7 
completed these tCl.sks, press 
Function Key 6 (F6) five times 
in succession. 

********** DO NOT TURN OFF THE COMPUTER ********** 

This concludes the WARM-UP TASKS. 

If you have any questions, please ask the consultant now. 
If not, than wait until the consultant tells you to proceed 
with the EXPERIMENT TASKS. 
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APPENDIX D 

EXPERIMENT TASKS INSTRUCTIONS 
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ID #: 

Date: 

EXPERIMENT TASKS 

Notice: The information collected from this set of tasks 
will be used for statistical analysis by the MIS research 
personnel at the University of Arizona. Your identity will 
remain confidential. 

Please follow the instructions and use the computer to 
complete the tasks listed in the following page~ We would 
like you to work as quickly as you can, but please complete 
all the tasks and work as accurately as possible. Your 
cooperation is very much appreciated. 



This is the major part of the experiment. Following is a 
set of tasks that you are asked to complete using the 
computer. 

Please keep in mind the following points: 

* Complete all the tasks, sequentially, and answer all 
the questions. 

* Work as quickly as you can, without sacrificing 
accuracy. 
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* Refrain from asking questions of the consultants 
during the actual experiment tasks, if at all 
possible. If you become totally confused with a 
particular task, raise your hand and a consultant will 
try to assist you. However, we strongly encourage you 
to try your best first. 

* When you do not know what to do, READ YOUR COMPUTER 
SCREEN and the instructions CAREFULLY. They will 
frequently offer you guidance. 

* Refer to the DOS HELP DOCUMENTATION and the DEFINITION 
OF TERMS as often as you like. These documents, and 
this instruction set will oftentimes provide you with 
the information you need to complete the tasks. 

The Warm-up Exercises should have familiarized you 
with these documents. At this time, if you do not 
feel that you understand how to use the DOS HELP 
DOCUMENTATION, please call a consultant now. 

* Please complete the tasks to the best of your ability. 

A space is provided next to each task for rating its 
difficulty. The rating scale is 1 to 7, as indicated 
below: 

Extremely 
Easy 

1 2 3 4 5 

Extremely 
Difficult 

6 7 

After you complete each task, circle the number that most 
closely corresponds to the degree of difficulty you felt 
the task to be. 

For those of you familiar with microcomputers, DO NOT 
REBOOT THE SYSTEM. This will invalidate your results. 



Task 

238 

Extremely Extremely 
No. Description of Task Easy Difficult 

1. When you are ready to begin these 1 2 3 4 5 6 7 
tasks, press Function Key 5 (F5) 
five times in succession. 

2. Run the application program 1 2 3 4 5 6 7 
called STUDENT. 
APPLICATION PROGRAM: STUDENT 

3. In order for you to determine 1 2 3 4 5 6 7 
what files are on the diskette 
you need to display a DIRECTORY 
of the diskette. This causes a 
list of FILES to be displayed on 
your computer screen. Use the DIR 
command to display this list on 
your screen now and write below 
the name of the last file in the 
list: 

DOS COMMAND: DIR 

4. The DIR command used in the 1 2 3 4 5 6 7 
previous task listed the names 
of the files on the diskette. 
Now we want you to ask the 
computer to type out the contents 
of one of the files. The name of 
the file that we now want you to 
type out (using the TYPE command) 
is named: 

READTHIS.OUT 

Please TYPE out this file and read 
what is printed on your computer 
screen. There is a KEYWORD 
indicated someplace on your screen. 
Copy the keyword below: 

DOS COMMAND: TYPE 

5. Run the application program 1 2 3 4 5 6 7 
called PROGRAM #1. 
APPLICATION PROGRAM: PROGRAM #1 



Task 
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Extremely Extremely 
No. Description of Task Easy Difficult 

6. The COpy command allows you to 1 2 3 4 5 6 7 
duplicate the contents of a file 
to another file with a different 
name. The result is that you have 
two different filenames on the 
diskette, both containing the same 
information. Copy the contents of 
the file named CAMPAIGN.TXT to 
another file named ELECTION.TXT 
using the COpy command. 

DOS COMMAND: COPY 

7. Type out the contents of the 
file named CAMPAIGN.TXT on the 
computer screen and write below 
the last word in the file. 

1 2 3 4 5 6 7 

DOS COMMAND: TYPE 

8. Rename the file named 1 2 3 4 5 6 7 
CAMPAIGN.TXT to a file named: 
SPEECHES. TXT 

DOS COMMAND: RENAME 

9. Erase the file named 1 2 3 4 5 6 7 
KNOWGOOD.TXT from your 
diskette. 

DOS COMMAND: DEL or. ERASE 

10. Use the DOS command DATE to type 1 2 3 4 5 6 7 
out to the computer screen what 
the current computer date 
setting is, and write that date 
below. Then set the computers 
date to 7/10/86. 

DOS COMMAND: DATE 



Task 
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Extremely Extremely 
No. Description of Task Easy Difficult 

11. Run the application program named 1 2 3 4 5 6 7 
PROGRAM #2. 

APPLICATION PROGRAM: PROGRAM #2 

12. There is a file named BIGNAMES.MIX 
on your diskette, which contains 
the names of famous personalities. 

A. Use the DOS SORT Command to 1 2 3 4 5 6 7 
sort into alphabetical order, 
BIGNAMES.MIX into to another 
file named: BIGNAMES.TXT 
(Hint: Sort starting in 
column #1) 

DOS COMMAND: SORT 

B. Then type out BIGNAMES.TXT and 1 2 3 4 5 6 7 
write below the last name 
listed. 

DOS COMMAND: TYPE 

13. There is a file named 1 2 3 4 5 6 7 
SUNSHINE.TXT on your diskette. 
Using the DOS FIND Command, 
determine how many lines of the 
file contain the word cactus 
and write the number of lines 
below. (Note: upper and lower 
case letters are important here). 

DOS COMMAND: FIND 



Task 
No. Description of Task 

14. List out the files on your 
diskette and write all the 
names below: 

DOS COMMAND: DIR 
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Extremely Extremely 
Easy Difficult 

1 2 3 4 567 

15. Run the application program named 1 2 3 4 5 6 7 
PROGRAM #3. 

16. 

APPLICATION PROGRAM: PROGRAM #3 

To indicate that you have 
completed these tasks, press 
Function Key 6 (F6) five times 
in succession. 

1 2 3 4 567 

********** DO NOT TURN OFF THE COMPUTER ********** 

This concludes the experiment tasks. Raise your hand for a 
consultant to come over now. Please find the QUESTIONNAIRE 
and begin. 
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APPENDIX E 

EXPERIMENT INTRODUCTION 
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EXPERIMENT INTRODUCTION 

Thank you all for coming. The MIS Department is 
undertaking a series of experiments concerned with how 
people use computers. These experiments are aimed at 
helping us learn how to make computers easier to use. My 
name is Tim smith and I am responsible for conducting these 
experiments. 

About four months ago I conducted a pilot study of this 
experiment that you are about to participate in. One of 
the participants of that pilot study has assisted me by 
helping me make this video tape, which will take 
approximately ten minutes. 

[ Show the Video Tape. ] 

At this time if you have any questions, please ask them. 

[ Take Questions. ] 

You will notice a yellow label stuck to the top of your 
computer. There is an ID Number beside your name. Please 
remove the paper clip from the documents beside your 
computer, and write this ID Number on each document. Also 
find the SUBJECT CONSENT FORM, which is the second document 
in the stack, and sign and date it. 

At this point the consultants will turn on your computers. 
Please do not begin working on the computer until the 
consultants come by and do something to your system. 

You may recall that the Video Tape indicated that "some 
lucky students" will have the DOS HELP DOCUMENTATION. 
Well, everybody has access to this help documentation. 
Some of you have it as a written manual beside you (with 
the brown covers and black spiral binder), and some of you 
have it on the computer. For those of you with this help 
documentation on your computer, it is referred to as ONLINE 
HELP and is exactly the same as the DOS HELP DOCUMENTATION. 
When we make reference to the DOS HELP DOCUMENTATION in the 
instructions, it is the ONLINE HELP that we are referring 
to. 

DOS HELP Documentation Walk-Through - DIR Command 

Before we begin with the WARMUP EXERCISES, I would like us 
all to take a couple minutes to look over this HELP 
DOCUMENTATION. During these experiments you will be asked 
to perform two types of tasks; APPLICATION PROGRAMS and DOS 
COMMANDS. The TYPE of each task will be clearly identified 
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in your instructions. The application programs are self
explanatory and there is no additional help available. The 
HELP Documentation provides you with useful information 
about the DOS Commands. One of the DOS Commands is the 
"DIR" command or the DIRECTORY command. This command 
prints to your computer screen a list of the files that are 
on your diskettes. 

L~t's everybody look up this command (DIR) in your 
respective HELP Documentation. Remember, we are not trying 
to make you experts in the DIR command, but only trying to 
help you become familiar with how this Help Documentation 
is laid out. 

[ Help everyone find the first page of the DIR Command. ] 

Please notice that there is a Table of Contents. (For 
those with written documentation it is located at the 
beginning of the manual, with page number references to the 
command detail, and for those with online help it is the 
first screen that you come to when you invoke online help. 
You then use the arrow keys to move the CURRENCY indicator 
to the desired command - you can use the up and down keys, 
as well as the left and right keys. Once you are "on" the 
desired command, you will notice that the instructions on 
your computer screen indicate that you are to press the 
ENTER key to get the more detailed help.) 

Please note the overall format and layout of the help 
documentation. The format used for the DIR command is 
similar to that used for all commands. Notice that there 
is a "USES" section, which verbally describes what the 
command is used for. Following this is a "FORMAT" section. 
This is the exact syntax that the command expects, and may 
be intimidating to those of you unfamiliar with computers. 
Don't be intimidated. Just note that this is here. 

Let's go on to the next section which shows some examples 
of how to actually use this command. (For those of you 
with written documentation, this is just below on the page. 
For those of you with online help, notice that at the 
bottom of your screen it indicates that if you press "any 
key" you can receive additional information. Press any key 
now, say a space bar, and get the next page of 
information.) What you have here is an example of the DIR 
command. On the left-hand side, under the heading of 
"SAMPLE COMMAND", is an example of the DIR command, which 
is DIR A:. Below this is an example of what the computer 
would list on your computer screen if you were to issue 
this command. On the right-hand side, under the heading of 

• 



"WHAT IT DOES", is a verbal description of what the left
hand side means. 

Remember, we are not trying to make you an expert in the 
use of the DIR command, but are interested in helping you 
to become familiar with how to use the help documentation. 

Now if you'll go on to the next page of information, you 
will see additional examples using the DIR command. 
Depending on the complexity of the particular command, 
there may be none or several examples presented. . 
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Now please return to the original screen that you began 
with. For those of you with online help, please notice 
that your computer screen indicates that you should press 
t~e ESC key to exit the online help. Press the ESC key now. 

A Few Pointers 

There are a few pointers that will help you during the 
experiment. I'll go over these briefly: 

1. During both the WARMUP EXERCISES and the EXPERIMENT 
TASKS you will be asked to input some numerical responses 
to questions presented by the computer. When doing this 
you should use the numbers on the top row of the computer 
keyboard, NOT the numerical keypad on the right-hand side. 

2. During this experiment you will be asked to press 
Function Keys, such as F5. These are special keys located 
on the left-hand side of the keyboard, labeled F1 through 
FlO. When you are asked to press one of the function keys, 
it is referring to these keys. This is NOT the same as 
typing in the alphabetic letter "F" followed by the 
numerical number (e.g., "5"). 

3. The ENTER key is located where the carriage return 
is located on a typewriter and is marked with an arrow 
coming down and pointing to the left. 

4. You will be asked to press the F5 and F6 keys at 
the beginning and end of the set of tasks. When you do 
this, depending the software that you have, it may cause 
your computer screen to blink or it may put 'garbage' 
characters on your screen. This is all right. Although 
this may not make any sense to you, please simply do this, 
followed by an ENTER, and continue. 

5. Keep in mind that you have different software than 
you neighbor, and that some software is designed to operate 
faster than others. If others appear to be working much 



faster than you it may be because they have different 
software. Pay attention to your own computer screen. 
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6. For those of you with written documentation, please 
do not write on it. Everyone can write on any of the other 
materials in front of you. 

7. During all of these exercises, you will not have to 
change disk drives or pathnames. All references to disk 
drives and pathnames can be ignored. Those of you with the 
menu systems, can simply press the ENTER key when I prompted 
in enter a disk drive or pathname. 

8. Remember, these Warmup Exercises are to help you 
become familiar with the computer, the software environment 
and the help documentation. You are encouraged to take 
advantage of this time to get yourself as prepared as 
possible for the TIMED Experiment Tasks that follow. If 
you have any questions during the Warmup Exercises, feel 
free to call over one of the consultants for help. 

Following the WARMUP EXERCISES 

1. The subjects with the "A" and "B" treatments were 
shown how to escape (ESC) out of the menu system to the DOS 
prompt mode. They were told that even though they used the 
menu system during the Warmup Exercises, they did not have 
to use it during the timed Experiment Tasks. They were 
asked to begin the tasks from the menu, but were informed 
that they were free to leave it at any time. 

2. Those subjects with the written documentation were 
asked to close the documentation every time they finished 
using it. We explained that we were trying to keep a count 
of the number of times that they had to refer to it. We 
emphasized that they were free to use the documentation as 
often as necessary. 
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APPENDIX F 

VIDEO TAPE DIALOGUE 
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1. Thank you for helping us by participating in this 
experiment. This is an investigation concerned with 
human-computer interaction. We are testing different 
ways of writing computer programs in order to find out 
how hard or easy they are for people with different 
levels of experience to use. 

The experiment is NOT a test of your ability. Rather, 
we would like you to use your ability to test some 
software systems that we are working on. 

The experiment will take you 1 to 1 1/2 hours to 
complete. 

All participants WILL NOT be using the same computer 
software. 

2. We hope that you will find your experience here to be 
personally beneficial and enjoyable. We are aware 
that for many of you, this will be the first time that 
you have ever used a computer. 

These experiments are centered around your completing 
a set of tasks using the computer. As an incentive to 
complete these tasks as rapidly as possible, and to 
the best of your ability, we are offering a monetary 
prize to the top 36 performers. We hope that you will 
approach this as a game and enjoy the challenge. 

Some of what you are about to experience is state-of
the-art in personal computing. Many of you will have 
an opportunity to learn and use a new method of 
communicating with the computer. This new development 
is called a software interface, and simply put, is the 
way that you communicate with the computer. 

3. The goal of computer manufacturers is to make the 
computer as easy to use as possible. In this 
experiment, we will be testing a recently developed 
software tool designed to belp users accomplish tasks. 

From the results of the questionnaire that we gave you 
in class in January, we have selected students with 
various levels of experience and familiarity with 
computers. You have been selected to participate 
because of YOUR specific level of understanding and 
feelings toward computers. Any difficulties you may 
have while completing these experiments are precisely 
the type of thing we are trying to measure. 

Again, we are not testing you, but want to see how 



well you can accomplish a set of tasks using the 
computer, given the software environment you have. 

4. steps in the Experiment: 

There are several documents next to you. 
these documents are: 

In brief, 

1. INSTRUCTIONS FOR COMPLETING THIS EXPERIMENT 
2. SUBJECT CONSENT FORM 
3. WARM-UP EXERCISES 
4. EXPERIMENT TASKS 
5. DEFINITION OF TERMS 
6. QUESTIONNAIRE, 

and for se,me students, 
7. DOS HELP DOCUMENTATION 
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We have tried to provide all the information you need 
·in order to complete these experiments, either on the 
computer or in these documents. Following is a brief 
overview of these documents and the activities that 
you will be asked to perform. 

The document titled INSTRUCTIONS FOR COMPLETING THIS 
EXPERIMENT summarize~·.; the activities involved with 
these experiments. 

5. Following this video tape, you will be given an 
opportunity to ask any QUESTIONS that you have about 
the experiment, the documents, or the material covered 
during this video. . 

6. You will be asked to complete the SUBJECT CONSENT 
FORM. This is required by the university. 

7. You will be asked to complete a set of introductory 
WARM-UP EXERCISES. These exercises were designed to 
give you an opportunity to familiarize yourself with 
the computer, its software and the documentation, 
before you start the actual experiment tasks. The 
exercises should take about twenty minutes to 
complete. 

During the Warm-Up Exercises, we encourage you to ask 
the conSUltants for assistance if you have 
difficulties or questions. We would especially like 
you to look over the DOS HELP DOCUMENTATION and to 
become as comfortable with it as possible during this 
short period of time. During the actual experiment, 
you will be asked to perform tasks that may require 
you to refer to this documentation for assistance. 



In addition, we would like you to briefly look over 
the document titled DEFINITION OF TERMS, which lists 
terms and definitions that may new and unfamiliar to 
you. This is not meant as a reading exercise, but is 
provided only in case you need it. You may refer to 
it at any time during the experiment. 

250 

8. You will be asked to complete the major part of the 
experiment, presented in the document titled 
EXPERIMENT TASKS. The time required to complete these 
tasks will vary depending on your background and the 
differences in the software being used by each of you. 

During this part of the experiment, we ask that you 
refrain from asking the consultants for help. Our 
goal in conducting this experiment is to see how 
people, with various levels of computer experience and 
background, accomplish tasks using the computer. As a 
result, we do not want a consultant to influence the 
way you work and accomplish the tasks. Therefore, you 
are discouraged from asking any questions during the 
actual experiment. 

Remember that help is available in the DOS HELP 
DOCUMENTATION and DEFINITION OF TERMS. Reference to 
them may answer the questions that you would otherwise 
ask of a consultant. 

If you find that you get stuck, and simply cannot go 
on, AS A LAST RESORT call over a consultant. 

9. Complete the QUESTIONNAIRE after you have completed 
the experiment tasks. This should only take a few 
minutes. 

There are a few additional points that should be made 
before you begin. 

10. Please complete ALL tasks and answer ALL questions. 
In order for us to ensure the validity of this 
experiment it is important that you complete ALL the 
tasks, sequentially, both in the warm-up exercises and 
to the experiment itself. Likewise, it is important 
that you answer ALL questions presented to you by the 
computer and on the questionnaire. 

11. Work quickly. We would like you to complete the 
EXPERIMENT TASKS as quickly as possible, but not to 
the point that you sacrifice completeness or accuracy. 
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12. Monetary prizes will be given to the top performers. 

Let me explain how these will be awarded. 

Based on your response to the questionnaire we gave 
you in class, you have been assigned to one of twelve 
(12) distinct groups of students. The students 
assigned to your group all have a similar level of 
experience using computers and will use the same 
computer environment. In other words, the members of 
each group should have an equal chance of performing 
well on these experiments. There are approximately 10 
students in each group. 

The top three performers in each group will receive 
monetary prizes of $20, $10, and $5, respectively. 
There wtll be a total of 36 monetary prizes awarded. 
The method used for evaluating the top performers will 
be similar to that used to evaluate a person's typing 
speed. We will record the overall time that it takes 
you to complete the set of tasks, and subtract 60 
seconds for each error. 

Let me explain what we mean here by error. This 
refers to a skipped or incomplete task or a task 
completed incorrectly. A task in which several 
attempts are nlade before it is completed correctly, is 
not considered an error. 

We feel that this is a fair method for evaluating and 
rewarding those who perform well. However this 
requires that all participants conlplete these 
experiments before we can determine the winners. As a 
result, it will not be possible for us to determine 
the winners until all the experiments are complete. 
Winners will be notified either in class or by phone. 

Each student has been assigned a unique 10 number. 
All data analysis will be made based on this 10 
number. In this way we can protect the identity of 
each student and at the same time eliminate any 
possible bias towards a particular student. 

13. Finally, we ask that you NOT discuss the contents of 
these experiments with others. It is very important 
for the integrity of these experiments that students 
do not know beforehand what the tasks are that they 
will be asked to perform. 

The ideal situation would be to organize all the 
students participating in this experiment at one place 
at one time, and having them perform the tasks 



simultaneously. However, since are 150 students 
participating, this is impossible. As a result, we 
are forced to conduct the experiments in smaller 
groups of 8 to 10. If those participating early were 
to pass on information to those that follow, the 
benefits gained from this research would be seriously 
jeopardized, and possibly lost altogether. 
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We are aware that your classmates may be interested in 
learning what is going on in these experiments. We 
ask you explain to them that revealing the contents 
would ruin the effects of these experiments. 

Remember also, that the more they know about the 
experiments, the better chance THEY have of out
performing YOU for the prizes. 

14. In summary: 

complete all the tasks, sequentially, and answer 
all the questions. 

* Work as quickly as you can, without sacrificing 
accuracy. 

* Refrain from asking questions of the consultants 
during the actual experiment tasks, if at all 
possible. 

* When you do not know what to do, READ YOUR 
COMPUTER SCREEN and the instructions CAREFULLY. 
They will frequently tell you what to do. 

* The DOS HELP DOCUMENTATION will oftentimes be 
able to provide you with the information you need 
to complete the tasks. Refer to it as often as 
you need during the experiment. Be sure that you 
look over this documentation during the Warm-Up 
exercises. 

1~. Again, thank you for your cooperation and good luck. 
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INSTRUCTIONS TO SUBJECTS 
FOR COMPLETING THE EXPERIMENT 
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INSTRUCTIONS FOR COMPLETING THIS EXPERIMENT 

This is an investigation concerned with human-computer 
interaction. We are testing different ways of writing 
computer programs in order to find out how hard or easy 
they are to use by people with different levels of 
experience. 

The experiment will take you 1 to 1 1/2 hours to complete. 
The experimental procedure involves the following steps. 

1. INTRODUCTION: An introduction to the experiment will be 
presented on video tape (10 minutes). 

2. QUESTIONS: You will have an opportunity to ask 
questions about any aspect of the experiment at this time. 

3. SUBJECT CONSENT FORM: You will be asked to complete a 
SUBJECT CONSENT FORM. This is a university requirement. 

4. WARM-UP EXERCISES: You will be asked to complete a set 
of introductory exercises included in the document titled 
WARM-UP EXERCISES (20 minutes). 

5. EXPERIMENT TASKS: The major part of the experiment is 
presented in the document titled EXPERIMENT TASKS. The 
time required to complete these tasks will vary depending 
on each students background and due to differences in the 
the computer environment being used by each participant. 
The tasks were designed so that they should take about 30 
minutes to complete. 

6. QUESTIONNAIRE: You will be asked to complete a 
QUESTIONNAIRE (5 minutes). 
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APPENDIX H 

SUBJECT CONSENT FORM 



SUBJECT CONSENT FORM 

RESEARCH INVOLVING HL~ SUBJECTS, CONSENT TO SERVE AS A 
SUBJECT IN THIS RESEARCH EXPERIMENT. 

I consent to serve as a subject in the research 
investigation entitled: 

"User Interface / paperless Documentation Experiments" 
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The nature and general purpose of the research procedures 
have been explained to me. The research is to be performed 
by Timothy W. smith (Ph.D. Student) under the direction of 
Dr. Jay Nunamaker, Chairman of the Management Information 
Systems Department, College of Business and Public 
Administration, University of Arizona, Tucson, Arizona. 

I am participating in these experiments of my own free 
will. I understand that by participating in these 
experiments, I will be exposed to no physical risk, that 
there is no deception, and that my performance during these 
experiments will not in any way result in a reduction in my 
grade for the course from which I am participating. 

I understand that any further inquiries I make concerning 
these procedures will be answered. I understand my 
identity will not be revealed in any publication, document, 
conference proceedings, recording, video-tape, photograph, 
computer data storage, or in any other way which relates to 
this research. I also understand that I am free to 
withdraw my consent and to discontinue participation in 
this experiment at any time following this notification of 
the experimenter. 

I declare that I am eighteen years of age or older. 

ID #: Course #: 

(Signature) (Date) 
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APPENDIX I 

DEFINITIONS OF TEru1S 
PROVIDED TO SUBJECTS DURING THE EXPERIMENT 



DEFINITIONS OF TERMS 

Definitions have been provided to help clarify what terms 
are intended to mean in the context of this experiment. 

APPLICATION PROG~~: A computer program that has been 
written to accomplish a particular task, usually specific 
to the end user's needs. Examples are, Word Processing 
Programs, Accounting Programs, Spreadsheets and the 
Questionnaire programs in these tasks. 

COMMAND: A DOS COMMAND is a statement to the computer 
requesting that it perform some specific task. The DOS 
Commands must be typed in EXACTLY as indicated in the DOS 
documentation. 
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DIRECTORY: This refers to a list of the programs and text 
files on your diskette. The directory stores the names and 
vital statistics of files. If you change a file or make a 
new one, the file's name, new size, and date and time are 
automatically recorded in the directory. 

DOS: The computer programs that manage files and 
directories are called the Disk Operating System. You can 
use a DOS program by typing the appropriate DOS Commands. 

END USER or USER: This is the person who actually uses the 
computer. (This is referring to YOU). 

FILE: A file is a collection of information that you and 
others enter at the keyboard 0 Each file has a short name 
to help you keep track of it. 

HELP DOCUMENTATION or DOS HELP DOCUMENTATION: This is the 
documentation that you refer to when you need to find out 
more information about a DOS Command, in order to determine 
the correct syntax necessary to use the command properly. 

MENU: Some computer operating systems and application 
programs present the end user with a menu of options from 
which to choose the desired action to perform. There are 
two types of menus. The first lists a set of options, each 
associated with a particular number or letter, and you 
select which option you desire by entering the appropriate 
number or letter. The other type of menu provides a screen 
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full of options and the user selects the desired option by 
moving the arrow keys (the selected option will be 
distinguishable on the screen). 

PROGRAM: A program is a list of instructions that tells 
the computer what to do. Everything the computer does is 
controlled by a program. 

STRING: A string is a sequence of characters, e.g. your 
name, a file name, etc. 

TASK: A task is an activity that has a single purpose, and 
that can be accomplished by using the computer. 
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ONLINE QUESTIONNAIRES: 
PRESENTED TO SUBJECTS AS TASKS DURING THE EXPERIMENT 
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Application Programs - Online Questionnaires 

The following questions were asked by the indicated 
application programs, as online questionnaires, during the 
experiment sessions. A numerical response by the subject 
was requested by the system, indicating the degree of 
agreement with the questions. In the case of the tasks, 
the subjects were asked to evaluate how difficult they 
found each task (by task number matching the instructions). 
The following scale was printed on their computer screens. 

Extremely Extremely 
Easy Difficult 
1-----2-----3-----4-----5-----6-----7 

WARMUP EXERCISES 

SAMPLE Program (Warmup Exercises) 

1. These WARM-UP EXERCISES are very difficult? 

2. There is nothing that I'd rather be doing right 
now·than these experiments? 

3. Task #1; <F5> 
4. Task #2 ; FIRST 
5. Task #3; INTRO 
6. Task #4; VER 
7. Task #5; VOL 
8. Task #6; SAMPLE 

STUDENT Program (Task Exercises) 

1. First Name 
2. Last Name 
3. Matric Number 

EXPERIMENT TASKS 

Extremely Extremely 
Easy Difficult 
1-----2-----3-----4-----5-----6-----7 



PRO GRAM 1 Program (Task Exercises) : 
1. So far I have found these tasks to be very 

difficult? 

2. I find this experiment to be very confusing? 

3. Task #1; <F5> 
4. Task #2; STUDENT 
5. Task #3; DIR 
6. Task #4; TYPE 
7. Task #5; PROGRAM #1 

PROGRAM2 Program (Task Exercises) : 
1. I am feeling mentally drained as a result of 

these tasks? 

2. 

3. 
4. 
5. 
6. 
7. 
8. 

PROGRAM3 
1. 
2. 
3. 
4. 
5. 

I am feeling very frustrated with this computer? 

Task #6; COPY 
Task #7; TYPE 
Task #8; REN 
Task #9; DEL 
Task #10; DATE 
Task #11; PROGRAM #2 

Program (Task Exercises) : 
Task #12A; SORT 
Task #12B; TYPE 
Task #13; FIND 
Task #14; DIR 
Task #15; PROGRAM #3 
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CONSULTANT / OBSERVER FORMS: 
USED TO RECORD SUBJECT INFORMATION DURING EXPERIMENTS 
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CONSULTANT / OBSERVER FORMS 

DATE: 

TIME: 

ID #: STUDENT: 

TREATMENT: MACHINE #: 

Warmup Tasks 

Written Manual · · 
Assistance · · 
Problem Areas · · 
Comments: 

ID #: STUDENT: 

TREATMENT: MACHINE #: 

Warmup Tasks 

written Manual · · 
Assistance · · 
Problem Areas 

Comments: 

ID #: STUDENT: ---
TREATMENT: MACHINE #: 

Warmup Tasks 

written Manual · · 
Assistance · · 
Problem Areas · · 
Comments: 



265 

APPENDIX L 

METHOD FOR RANDOMIZING SUBJECTS TO TREA'rMENTS 



Method Followed For Randomizing Subjects To Treatments 

The following randomization procedures were followed 
in assign subjects to experimental treatments: 
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1) A Random Sampling Numbers Table was used from Clark 
arid Schkade (1969, table L, p. 169). Different blocks of 
random numbers were selected from this table for each group 
as follows: 

3 - Experienced 
2 - Casual 
1 - Novice 

Block & Number 
A1 & B1 
A2 & B2 
A3 & B3 

2) A separate list was generated with all subjects from 
each experience level group. Each subject occupied a 
separate line in the list. There was no particular order 
to the list for any given subject pool. The order was 
according to the order in which each subjects pretest 
questionnaire was input into the database, determined by 
where it was in the stack. 

3) The first digit (between 0 & 9) was obtained from the 
table. This number was used to count down (skip) "that" 
many sUbjects. 

4) If the selected subject WAS NOT yet assigned to a 
treatment, then the next treatment letter was assigned 
(starting with treatment A through treatment D, then 
repeating). If the selected subject WAS already assigned, 
then the list of subjects was traversed until the next 
subject not yet assigned was reached, and then assigned the 
next treatment. 

5) If the end of the list was reached, then the counting 
would continue, wrapping around to the beginning of the 
list. 

6) This process continued until all subjects were 
assigned to a treatment. 
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CHANGES TO THE DOCUMENTATION 
IN CONVERTING FROM ONLINE TO WRITTEN 
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Online to written Documentation changes 

The following modifications were made to the Online Help 
Documentation in order to provide written documentation to 
the users. The objective was to keep the changes to a 
minimum so that the quality of the help documentation would 
have as little influence as an intervening variable as 
possible. 

These modifications were made: 

1. Text that was highlighted on the online help was printed 
out in bold text within the written documentation. 

2. Three of the detailed help requests using the online 
DOS help documentation use a form of simulation. These 
commands are CLS, MKDIR, and RMDIR. Since a simulation 
cannot be demonstrated in a written form, the before and 
a~ter results from the simulation have been reproduced in 
an attempt to get the same information across using both 
forms of documentation. 

3. All references concerning keyboard inputs that exist 
within the online help documentation have been removed from 
the written help documentation. In detailed online help, 
some of the commands requested a numerical input to select 
more specific information on a subset of additional 
options. The written help documentation used these same 
numerical codes to simply list all the possible option:' 
descriptions. 

4.The Main Menu for the online help documentation 
provides columns of selection possibilities, which are 
chosen by moving the arrow keys to the desired command 
(currency is shown using a different color and intensity) 
and then pressing the carriage return key to select. This 
main menu was modified to a table of contents with page 
numbers for the written help documentation. 
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Programs Used to Monitor and 
Analyze Subject Keyboard Activity 
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Several programs were used to collect and analyze each 
subjects capture keyboard information. Following is a list 
of these programs by there assigned name, the programming 
language in which they were coded, and a brief description 
of what they were designed to perform: 

Capstart: (Assembly) CAPture START loads the keyboard 
interrupt address for the keystroke capture program, 
creates a space in random access memory (RAM) for 
collecting subject keystrokes, and begins recording the 
subjects activity. 

Capreset: (Assembly) CAPture RESETs the RAM by erasing any 
recorded activity up that the given point in time. 

Capdumps: (Assembly) CAPture DUMPS the keystrokes recorded 
in RAM (that was initiated by CAPSTART) into a file on 
disk. 

Pretrans: (Pascal) PRE TRANSlation creates a temporary disk 
file (CAPTRAMS.RSP) that is subsequently used by the 
CAPTRANS program. It is a very simple program that places 
two filenames in the file: 1) the input file name that 
contains the dump file generated by the CAPDUMPS program, 
and 2) the name for the file that CAPRPT will place the 
translated ASCII file, such as, SUB#####.LOG (where ##### 
is the subjects unique ID number), which is built by the 
program. 

captrans: (Fortran) CAPture TRANSlation is used to write 
o~t the information produced by the CAPDUMPS program into a 
readable form (ASCII). This output file uses the name that 
is built by the PRETRANS program. that is useful for the 
purposes of the subsequent analysis programs: TALLY and 
WINNER. 

Caprpt: (Fortran) This program is used to create the 
SUB#####.LOG (where ##### is the subjects unique ID number) 
file, along with a separate output report summarizing the 
CAPtured REPort tallys of how many "special" characters 
have been recorded from the DUMP file. These characters 
include the number of times that each of the following keys 
were pressed during both the warmup exercises and the final 
experiment tasks: 



1. Warmup number of characters 
2. Warmup number of break keys 
3. Warmup number of ESCape keys 
4. Warmup number of function keys 1 - 10 
5. Task number of characters 
6. Task number of break keys 
7. Task number of ESCape keys 
8. Task number of function keys 1 - 10 

Rendumps: (Pascal) REName DUMPS used to rename the file 
CAPDUMPS.DAT produced by the CAPDUMPS program to be of the 
form SUB#####.DMP (where ##### is the subjects unique ID 
number) • 
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Tally: (Fortran) This program would be used on the .LOG 
file after "markers" were added, and would generate the 
time and number of characters that each subject used on the 
warmup exercises and the final experimental tasks. (used 
with a set of BATCH files) 

ctick: (Fortran) This program querys for TIME in units of 
minutes and converts this to CLOCK TICKS. 

Ctime: (Fortran) This program querys for CLOCK TICKS and 
converts this to actual TIME in units of minutes. 

Winner: (Fortran) This program calculates an adjusted total 
time to complete the experiment tasks by beginning with 
thier value for total time to complete the final 
experimental tasks from the dBase and adding on 1 minute 
worth of clock ticks for various variable. The 
participants add on 1 minute for each time they asked for 
assistance during the experiment tasks. 1 minute was added 
on for each incorrect or incomplete task. 

The experiments were conducted on two diskette 

machines, with the treatment diskette in drive A: and a 

working files diskette in drive B:. 
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APPENDIX 0 

WARMUP EXERCISE APPLICATION PROGRAM: 
INTRO 

The following screens were presented to the subjects during 
the experiments. 



INTRODUCTION TO THIS EXPERIMENT 

This is the INTRO application program. You will use the keys 

that you learned in the FIRST program. Please note the instructions 

at the bottom of the screen. 

You have been asked to participate in this experiment to help us 

investigate ways to make computers easier to use for people. Your 

prior knowledge about computers and experience with using computers 

does not matter. YOU, with your background, are exactly the type of 

person we want to participate in this experiment. Your participation 

is very much appreciated. 

PgDn: next page 

There is no way that you can "fail" this :experiment. You 

cannot hurt the computer in any way by pressing a wrong key. We want 

you to jump in and do the best you can, and not even consider the 

possibility of doing anything wrong. You may not achieve the best 

results, but you will not do anything wrong. If you have 

difficulties in completing these tasks, it is those difficulties that 

we are interested in learning about. 

Next to your computer is a document titled EXPERI"ENT TASKS. 

We would like you to complete these tasks using the computer. What 

do we mean here by the term TASK? A task is an activity that has a 

single purpose, and that can be accomplished by using the computer. 

PgDn: next page PgUp: preceding page 

APPLICATION PROGRAM: IN'l'RO 
Warmup Exercises 

(Screens 1 & 2 of 18) 
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Actually, the set of tasks to be accomplished in this experiment MUST 

be porfor'med using the computer. 

There are two different types of tasks. The first type is 

called an APPLICATION task, or application program. FIRST and INTRO 

are examples of an application task. The second type is called a DOS 

task, or DOS command. Although the distinction between these two may 

seem ambiguous to you (especially if you have no experience in using 

computers), a brief description of each will be presented. Do not be 

concerned if the following couple of paragraphs are unclear, because 

directions will be given to you in order to accomplish the tasks. 

PgDn: next page PgUp: preceding page 

This introduction will continue in 0 moment. 
At this time please press the ESC 
key to continue. 

PgUp: preceding page Esc: Continue 

APPLICATION PROGRAM: INTRO 
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ESPECIALLY FOR THE NOVICE 

The things that the computer accomplishes are not an accident, 

but 8 consequence of deliberate and controlled efforts. What you see 

on the computer screen is the result of a program. What this 

program does depends on what the person who wrote the program 

decided to have it do. 

There are two primary types of programs that you will 

encounter during this experiment: application programs (of which this 

is an example) and DOS command programs. Essentially, a program is a 

list of instructions that tells the computer what to do. It is 

difficult to explain how these two types of programs differ. 

PgOn: next page 

Both types of programs help you to accomplish tasks using the 

computer. From your point of view, you want an answer to a question 

or you want some sort of activity performed by the computer. It is a 

specific program, which has been written for this purpose, that helps 

you accomplish this task. 

For example, consider the TIME program. The computer has a clock 

within it, similar to a clock on the wall. You cannot see this clock. 

In order to see the current time or to set the clock to a new time, 

a specific program was written. The TIME program is part of a set of 

programs referred to as DOS Commands. Each DOS Command is a special 

purpose program. 

pgOn: next page PgUp: preceding page 

APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 5 & 6 of 18) 
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DOS is an acronym for Disk Operating System. This special set of 

programs allows your the user, of the computer to communicate easily 

with the computer. For example, when you request the computer to 

print a report to the computer printer, it is a DOS program (called 

PRINT) that makes this possible. When you request that the same 

report be typed out to your computer screen, it is ANOTHER DOS 

program (called TYPE) that allows this to happen. There are 

approximately thirty five special purpose DOS programs evailable on 

the computer system you will be working with. When referring to 

these DOS programs, it is customary to call them DOS Commands rather 

than DOS Programs. 

PgUp: preceding page Esc: Continue 

Each DOS Command has associated with it a unique syntax. The 

syntax is the exact form in which a DOS Command must be typed (via the 

keyboard) so that the computer will understand what it is that you 

want it to do. For example, if you want to see a list of the files 

(programs or text) that are on the computer, you would use the DIR 

Command (which is short for DIRECTORY). If you typed in FILES, the 

computer would not have a clue as to what you wanted, because it has 

only been taught to recognize the command DIR. In addition, each 

DOS Command may have several required and/or optional extensions. 

PgDn: next page 

APPLICATION PROGRAM: INTRO 
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In order to determine exactly what each command does, and the exact 

syntax it requires, you will have to refer to the DOS HELP 

Documentation. During the EXPERIMENT TASKS you will be required 

to perform several DOS Commands. Whenever necessary refer to the 

DOS HELP DOCUMENTATION. 

Another type of program is called an application program. An 

application program is usually a special purpose program that has 

been written to solve one particular problem for the computer user. 

For example, there are word processor application programs which 

allow you to use the computer as a sort of typewriter with me~ry. 

An accounting program, another application, might request that you 

PgDn: next page PgUp: p;eceding page 

input numbers and then automatically perform some required 

calculations and generate a final accounting report. 

The application tasks (programs) that you will encounter 

during this experiment are small, special purpose programs that 

will either 1) present some text information for you to read from 

the computer terminal screen (such as the program that you are 

reading right now), or 2) request some information from you, to 

be typed in at the computer keyboard. In all cases, instructions 

about what to do next, for Application Programs, will be available on 

the computer screen. 
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APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 9 & 10 of 18) 
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As you are sure to have realized by now, when working with 

computers you are required to learn a whole new vocabulary· terms 

such as FILE, APPLICATION PROGRAM, DOS COMMAND, HELP DOCUMENTATION, 

etc. A Definitions of Terms for these and other terms that you 

may come across during this experiment is one of the document 

next to your computer. Please find it now and look over it. If you 

have any questions, ask the consultant. 

Before you begin the experiment tasks, it is important that you 

understand how the computer keyboard works, and what some of its 

"special" keys do. These keys will be explained in the following 

paragraphs. 

PgUp: preceding page Esc: Continue 

THE COMPUTER KEYBOARD 

This section introduces the computer keyboard. If you are 

already familiar with the keyboard, you can skip this section 

by pressing the ESC key now. 

The way you communicate with the computer is by pressing keys on 

the keyboard. There are many differences between a typewriter and 

computer keyboard. Additionally, there are some special characters on 

the computer keyboard that do not exist on a typewriter keyboard. Some 

of them will be of interest to you in completing the tasks in this 

experiment. They are described in some detail below. (Please refer to 

the computer keyboard in front of you as you read this section.) 

PgDn: next page 

APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 11 & 12 of 18) 
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While the typewriter simply makes marks on paper, the computer 

keyboard talks to a computer program. The characters that you 

type on the keyboard appear on the computer screen, but do not 

go to the computer until the ENTER key (large key marked ENTER 

on the right·hand side of the keyboard) is pressed. This key 

works like the carriage return on a typewriter. It brings you to the 

start of a new line. ENTER is often used to tell the computer to 

begin doing something. What this means to you is that if you make a 

mistake and you notice it before you hit the ENTER key, you can 

correct the mistake before the computer is oven aware that one was 

made. 

PgDn: next page PgUp: preceding page 

Let us illustrate with an example. If the computer asked you to 

type in your name, it is the ENTER key that signals the computer that 

you have finished typing the letters that make up your name. If you 

realize that you mistyped your name before pressing the ENTER key, 

you can use the BACK~PAC~, key <located above the ENTER key, labeled 

with an < •• and with the letters BKSP or ERASE) to "rub·out" the 

letters until the error has disappeared. You can then finish typing 

or retype the name correctly. When the ENTER key is pressed, only 

the correct name is registered with the computer. 

PgDn: next page PgUp: preceding page 

APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 13 & 14 of 18) 
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The SHIFT keys are marked with e hollow up-arrow and work in a 

fashion similar to the shift keys on a typewriter. If you hold 

one of them down and then press the key you want to shift, the letter 

characters appeor as capital letters, and the keys with two 

characters printed on each key, will print the upper character. 

The ESC key (that was previously introduced to you) is short for 

ESCAPE. There is no such key on a typewriter. The ESC key is a 

special key in that it does not type a character to the computer 

screen. Instead, it sends a special message to the computer itself. 

You will be requested when (if ever) to press the ESC key. If you 

press it by accident at any other time, nothing will happen. 

PgDn: next page PgUp: preceding page 

The FUNCTION KEYS (located on the far left-hand side of the 

keyboard and labeled F1 through F10) are additional special keys that 

direct the computer to do specific activities. Any function key(s) 

that will do "special" activities for you will be clearly indicated 

on the screen. 

Before proceeding, please locate on the keyboard all the keys 

discussed above to be sure that you know their position. Again, the 

keys are: 

ENTER 
BACKSPACE 
SHIFT 
ESC (Escape) 
FUNCTION KEYS 

PgUp: preceding page Esc: Continue 

APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 15 & 16 of 18) 
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All this and we have barely begun. So let1s get started on 
the following warmup tasks. 

Here are a co~ple of pointers and requests: 

1. Simply do the best you can. Try not to get 
frustrated. 

2. We ask that you answer all questions as honestly as you 
can and that you try to perform the tasks as quickly as 
you can. 

3. Donlt be afraid, just jump in and try. If you get lost at 
any time 

A. look to the ~omputer screen, it frequently has helpful 
suggestions of what to do next, 

B. if that does not help, refer to the DOS HELP 
DOCUMENTATION or the DEFINITION OF TERMS. 
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4. Please do not turn the power off on the computer, either 
by turning off the switch or pulling the plug. You should 
not have to touch the diskette or diskette doors. 

5. If you are familiar with using microcomputers, DO NOT 
REBOOT THE SYSTEM during these experiments. This will 
invalidate your results. 

Thank you and good luck. 

This completes the Introduction. 

Now press ESC and continue with 
the next task. 

PgUp: preceding page Esc: Continue 

APPLICATION PROGRAM: INTRO 
Warmup Exercises 

(Screens 17 & 18 of 18) 
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APPENDIX P 

WARMUP EXERCISE APPLICATION PROGRAM: 
FIRST 

The following screens were presented to the subjects during 
the experiments. 



CONGRATULATIONS!!! 
Welcome to the FIRST APPLICATION PROGRAM. See how easy 
it is to run an application program. 

This program introduces you to a few special keys on the 
computer keyboard. Locate the numerical keypad on the far 
right-hand side of the keyboard: 

II 
function typewriter keys 

keys 
numerical 

keypad 

If you press either key marked PeOn (PAGE OOWN), (located 
where the XIS are marked above), then another page of text 
that follows this one will appear on your computer screen. 

Press pgOn now. 

Two other keys marked PgUp are located above the PeOn keys. 
00 not press either of them yet, but what the PgUp keys do 
is to return you to the preceding "page" of text, from 
where you just came. 

This is similar to turning the pages in a book, but instead 
of physically turning pages, you simply press the PeOn and 
PgUp keys. 

In a moment, press either of the P~Up keys to see how this 
works, then return to this page again by pressing a PgOn 
key as you did before. 

Now press 8 PgUp key, see the previous page, then press a 
PeOn key to return to this page, then press PeOn again to 
continue on to the next page of text. 

PgOn: next page pgUp: preceding page 

APPLICATION PROGRAM: FIRST 
Warmup Exercises 

(Screens 1 & 2 of 4) 

283 



It is illlXlrtar,t that yOIJ understand that the PgOn and PgUp 
keys have been IIprograntned" to respond this \lay. These 
keys do not respond the same way for all programs. 

The instructions at the bottom of the screen tell you that 
you can use the pgUp and PgOn keys. Instructions may 
appear at the top or in the middle of the screen as well. 
The instructions will tell you which keys to press and what 
will happen when you press them. 

READ YOUR COMPUTER SCREEN CAREFULLY. 

It frequently will contain valuable information on 
how to use the computer and provide you with answers 
to your questions. 

PgOn: next page PgUp: preceding page 

There is one last key that this program will introduce to 
you. It is the ESC key. The ESC key, which stands for 
ESCAPE, is located on the top row of the keyboard, on the 
left-hand side, in the position marked by the X below: 

I I I 
By pressing the ESC key you can Exit this program and 
continue with the warmup exercises. 

This completes the FIRST Application Program. 

Press ESC and continue now with the next task. 

APPLICATION PROGRAM: FIRST 
Warmup Exercises 

(Screens 3 & 4 of 4) 
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APPENDIX Q 

WARMUP EXERCISE APPLICATION PROGRAM: 
SAMPLE 

The following screens were presented to the subjects during 
the experiments. 



Application Program: SAMPLE 

This program is a questionnaire on the computer, designed 
so that you can give us feedback about what you think 
of the WARM'UP tasks thus far. 

Press any key to continue. 

In the actual EXPERIMENT TASKS that follow, there will 
be several programs that are similar to this one. Hake 
sure that you are familiar with this program during this 
warm'up exercise. If you have any questions, ask a 
consultant to help. 

The following questions are of the same format that you 
can expect to see during the actual experiment tasks. 

Press any key to continue. 

APPLICATION PROGRAM: SAMPLE 
Warmup Exercises 

(Screens 1 & 2 of 4) 
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Please respond to each statement by entering the number 
that most closely corresponds to your point of view. 

Press the <ENTER> key at the end of each response. 

Strongly 
Agree 
1--2--3-4--5 

Strongly 
Disagree 

6 7 

* These WARM-UP EXERCISES are very difficult ? 5 

* There is nothing that lid rather be 
doing right now than these experiments ? 5 

Do you want to change any of these responses (YIN)? 

Please respond to the following statement for each task. 
(Refer to the ratings you gave each 
task on the INSTRUCTIONS sheet) 

Press the <ENTER> key at the end of each response. 

Extremely Extremely 
Difficul t 

6 7 
Easy 
1--2--3-4--5 

Task No. 

1. Begin Tasks (F5) ? 5 
2. Application Program: FIRST ? 5 
3. Application Progrem: INTRO ? 5 
4. DOS Command: VER ? 5 
5. DOS Command: VOL ? 5 
6. This Application Program: SAMPLE ? 5 

Do you want to change any of these responses (YIN)? 

APPLICATION PROGRAM: SAMPLE 
Warmup Exercises 

(Screens 3 & 4 of 4) 
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APPENDIX R 

EXPERIMENT TASKS APPLICATION PROGRAM: 
STUDENT 

The following screens were presented to the subjects during 
the experiments. 



Application Program: STUDENT 

This program that will ask you to answer a couple questions 
about yourself. You cannot Ihurt l the computer in any way 
by answering incorrectly, so rest assured. 

You will be asked to enter the following information: 

1. First Name 
2. Last Name 
3. Matric Number 

Press the <ENTER> key at the end of each entry. 

Please enter your: 

First Name ? John 

Last Name ? Doe 

Matrix Number? 555555 

Do you want to change any of these responses (YIN)? 
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APPENDIX S 

EXPERIMENT TASKS APPLICATION PROGRAM: 
PROGRAM #1 

The following screens were presented to the subjects during 
the experiments. 



Application Program: PROGRAM #1 

This program is a questionnaire on the cOll'pUter, designed 
so that you can give us feedback about what you think 
of the tasks thus far. 

Press any key to continue. 

Please respond to each statement by entering the n~r 
that most closely corresponds to your point of view. 

Press the <ENTER> key at the end of each response. 

Strongly 
Agree 
1--2--3---4--5 

Strongly 
Disagree 

6 7 

* So far I have found these tasks to be very difficult ? 4 

* I find this experiment to be very confusing ? 5 

Do you wont to change any of these responses (YIN)? 

APPLICATION PROGRAM: PROGRAM1 
Experiment Task 

(Screens 1 & 2 of 3) 
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Please respond to the following statement for each task. 
(Refer to the ratings you gave each 
task on the INSTRUCTIONS sheet) 

Press the <ENTER> key at the end of each response. 

Extremely 
Easy 
1--2--3--4--5 

Task No. 

Extremely 
Difficult 

6 7 

1. Indicate the beginning of experiments ? 3 
2. Application Program: STUDENT ? 4 
3. DOS Command: DIR ? 5 
4. DOS Command: TYPE ? 6 
5. This Application Program: PROGRAM #1 ? 7 

Do you want to change any of these responses (YIN)? 

APPLICATION PROGRAM: PRO GRAM 1 
Experiment Task 
(Screen 3 of 3) 
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APPENDIX T 

EXPERIMENT TASKS APPLICATION PROGRAM: 
PROGRAM #2 

The following screens were presented to the subjects during 
the experiments. 



Application Program: PROGRAM #2 

This program is similar to the first questionnaire on 
the computer. It too, is designed so that you can give 
us feedback about what you think of the tasks. 

Press any key to continue. 

Please respond to each statement by entering the number 
that must closely corresponds to your point of view. 

Press the <ENTER> key at the end of each response. 

Strongly 
Agree 

1--2--3----4--5 

Strongly 
Disagree 

6 7 

• I am feeling mentally drained as a result 
of these tasks 

• I am feeling very frustrated with this computer 

Do you want to change any of these responses (YIN)? 

APPLICATION PROGRAM: PRO GRAM 2 
Experiment Task 

(Screens 1 & 2 of 3) 
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Please respond to the following statement for each task. 
(Refer to the ratings you gave each 
task on the INSTRUCTIONS sheet) 

Press the <ENTER> key at the end of each response. 

Extremely 
Easy 
1--2--3---4--5 

Task No. 

Extremely. 
Difficult 

6 7 

6. DOS Corrmand: COpy ? 5 
7. DOS Conrnand: TYPE ? 5 
8. DOS Conrnand: REN ? 5 
9. DOS Conrnand: DEL or ERASE ? 5 
10. DOS Conrnand: DATE ? 5 
11. This Application Program: PROGRAM fl2 ? 5 

Do you want to change any of these responses (YIN)? 

APPLICATION PROGRAM: PROGRAM2 
Experiment Task 
(Screen 3 of 3) 
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APPENDIX U 

EXPERIMENT TASKS APPLICATION PROGRAM: 
PROGRAM #3 

The following screens were presented to the subjects during 
the experiments. 



Application Program: PROGRAM #3 

This program is similar to the other questionnaires. 
It too, is designed so that you can give us feedback 
about what you think of the tasks. 

Press any key to continue. 

Please respond to the following statement for each task. 
(Refer to the ratings you gave each 
task on the INSTRUCTIONS sheet) 

Press the <ENTER> key at the end of each response. 

Extremely 
Easy 
,1--2--3-4--5 

Task No. 

Extremely 
Difficult 

6 7 

12A. DOS Command: SORT ? 5 
12B. DOS Command: TYPE ? 5 
13. DOS Command: FIND ? 5 
14. DOS Command: DIR ? 5 
15. This Application Program: PROGRAM #3 ? 5 

Do you want to change any of these responses (YIN)? 

APPLICATION PROGRAM: PROGRAM3 
Experiment Task 

(Screens 1 & 2 of 2) 

297 



298 

APPENDIX V 

EXAMPLE OF WRITTEN DOS HELP DOCUMENTATION 
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This is the Table of contents for subjects that received 
the written DOS Documentation. It was modified from the 
Online Help Menu (see Figure 7) in order to facilitate 
changing it to a written manual form. 

HELP Documentation 
Version 1.30 

COMMAND PAGE COMMAND PAGE 

ANSI 1 GOTO 45 
ASSIGN 7 GRAFTABL 46 
BACKUP 8 GRAPHICS 47 
BATCH 10 IF 48 
BREAK 12 KEYB 49 
BUFFERS 13 MKDIR 50 
CHDIR 14 MODE 52 
CHKDSK 16 MORE 57 
CLS 18 PATH 58 
COMMAND 19 PAUSE 60 
COMP 20 PRINT 61 
CONFIG 22 PROMPT 62 
COPY 23 RAMDISK 64 
CTTY 26 RECOVER 65 
DATE 27 REM 66 
DEL 28 RENAME 67 
DEVICE 29 RESTORE 68 
DIR 30 RMDIR 69 
DISKCOMP 32 SET 71 
DISKCOPY 33 SHELL 72 
ECHO 34 SHIFT 73 
ERASE 35 SORT 74 
ESC 36 SYS 75 
EXE2BIN 37 TIME 76 
EXIT 38 TREE 77 
FDISK 39 TYPE 78 
FILES 41 VER 79 
FIND 42 VERIFY 80 
FOR IN DO 43 VOL 81 
FORa~T 44 
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This is an example of the written DOS Help Documentation. 
It was reproduced as accruately as possible from the Online 
Help screens (see Figures 8 and 9). 

I 
I USES 

I 
I 
I I 
I-I 

I 
I I 
I FORMAT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-

DIR 

The DIR internal command lists the directory entries of either 
specified files or all files in 8 directory. DIR tells you the 
name, creation date, size of the file in bytes, and the amount 
of space left on the disk. 

DIR Cd:] [pathname] [filename[.ext]] [/P] [II.)] 

Cd:] [pathname] [filename[.ext]] is the file specification of the files 
you want listed. The * and? characters can be used to select a group 
of files. If no drive, path, or filename is specified, all files in 
the current directory on the default drive will be listed. 

/P causes the display to pause when the screen is full. When you press 
any key the listing will continue. 

/W provides a wide display, with each line displaying 5 filenames. 
Only the filenames and directory names will be displayed. 

SAMPLE COMMAND ....••..•••.••••••••••••• WHAT IT DOES •••••••••••••••••••. 

C>D·IR A: 

Volume in drive A: has no label 
Directory of A:\ 

TUTOR EXE 48000 12-13-83 
HELP EXE 3968 12-30-83 
ENDF BAK 128 1-03-84 
ENDF 128 2-07 84 
OURSCRN 10240 2-07-84 
OURDIR 896 2-07-84 
PAGES 0 1-05-84 

3:40p 
3:01p 
1 :34p 
9:13a 
1:17p 
1:17p 

11:38a 

7 File(s) 296960 bytes free 

This command lists all files in the 
current directory of drive A:. 
The information displayed is: 

FILENAME EXTENSION SIZE DATE TIME 

in colum order. 

If more information than you can 
read flashes by while using DIR, 
just append /P to the end of the 
command and it will pause when the 
screen is full. 

The Ctrl·Num Lock key combination 
can also be used to pause the 
displaying of lines on the monitor. 



DIR 

SAMPLE COMMAND ------ •••••• - •... -.-..... WHAT IT DOES -----.---- •• -.--.-.-

C>DIR C:\PROGRAMS\*_BAS 

Volume in drive C~ is CSSDISK 
Directory of C:\ 

TUTOR BAS 48000 12- 13·83 
PAL BAS 121228 2-04-84 

3:21p 
8:32a 

2 File(s) 328480 bytes free 

C>DIR A:/'rl 

Volume in drive A: has no label 
Directory of A:\ 

ENDF 
PAGES 

ENDF 
TUTOR 

7 F ile(s) 

C>DIR C:\PROGRAMS\ 

BAK 
E)(E 

HELP 

296960 bytes free 

Volume in drive C: is CSSDISK 
Directory of C:\PROGRAMS 

<DIR> 1-01·83 
<DIR> 1-01-83 

NEWPROGS <DIR> 1-23-84 
OLDPROGS <DIR> 1-14-84 
TUTOR BAS 48000 12-12-83 3:21p 
PAL. BAS 121228 2·04-83 8:32a 

6 File(s) 328480 bytes free 

C> 

This DIR displays all of the files 
in the PROGRAMS directory that end 
in _BAS. 

The /W switch lists the filenames 
and extensions across the page and 
doesn1t display the file size, 
date, or time. 

E)(E OURDIR T)(T OURHELP 

This command lists all of the files 
in the PROGRAMS directory on drive 
C:. 

The dots show that the directory 
PROGRAMS is 8 subdirectory, that 
is, a directory inside of a 
directory. This DIR command also 
shows that the subdirectory 
PROGRAMS has two subdirectories 
inside it. They are NEWPROGS and 
OLDPROGS. 
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APPENDIX W 

LIST OF EXHIBITS 



ITEMS 

Variable 
TIME 

Variable 
CHAR 

Variable 
AS~T 

Variable 
REF 

EXHIBIT 1 

VARIABLE KEYS AND MEASURES FOR 
PERFORMANCE VARIABLES 

Key: TIME 
The total time that it took the subject to 
complete the set of tasks. Warmup exercises and 
final experiment tasks were recorded separately. 
This information was collected, unobtrusive to 
the subject, by the computer system. Time is 
reported in minutes and tenths (orginally 
recorded as PC computer clock ticks and later 
translated). 

Key: CHAR or CHARACTER 
The total number of characters the subject 
entered at the keyboard in order to complete the 
set of tasks. Warmup exercises and final 
experiment tasks were recorded separately. This 
information was collected, unobtrusive to the 
subject, by the computer system. 

Key: ASST or ASSISTANCE 
The number of times the subject requested 
assistance from one of the observer/consultants. 
This information was collected manually by 
trained observers. Subjects were discouraged 
from requesting consultant assistance during the 
final experiment tasks, however minimal 
assistance was provided if requested. 

Key: REF or REFERENCE 

303 

The number of references made by the subject to 
the DOS Help Documentation. Depending on the 
form of DOS help documentation provided (written 
or online), this information was either collected 
manually by trained observers or collected, 
unobtrusive to the subject, by the computer 
system. 



ITEMSa 

EXHIBIT 2 

VARIABLE KEY AND MEASURES FOR 
SHAFT ATTITUDE TOWARD COfPUTERS INVENTORY 

(SHAFT) 

variable Key: SHAFT 

304 

We would like you to use the scales below to describe what 
you think about the computer. Please indicate your view of 
computers by CIRCLING the number that most closely 
corresponds to your point of view. Just give your first 
impression. 

'Restrain creativity · . . . . Enhance creativity 

Harmful · . . . . Helpful 

Enjoyable to use · .... Frustrating to use 

Boring · .... Intriguing 

Difficult to use · . . . . Easy to use 

Non-Threatening Threatening ** · . . . . 

a All scale items are seven point semantic 
differentials. 

** 

* SHAFT inventory, reduced from an a-item to a 6-item 
measure. 

** Reverse coded 



EXHIBIT 3 

VARIABLE KEY AND MEASURES FOR 
NEW GENERAL ATTITUDE TOWARD COMPUTERS INVENTORY 

(NGA) 

1. If I think about having to use a computer, I feel 

Extremely Anxious ••••• Completely Comfortable 

2. How do you feel when working with computers: 

Inferior to Computer · . . . . Superior to computer 

Always in Control · .... Always Out of Control 

3. DCl you feel that computers are: 

Very Demanding · . . . . Adaptive / Work with You 

In Control of You · . . . . At Your Mercy 

a All scale items are seven point semantic 
differentials. 
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EXHIBIT 4 

VARIABLE KEY AND MEASURES FOR 
SATISFACTION WITH USING THE COMPUTER INVENTORY 

(SATISFACTION) 

Variable Key: SATISF or SATISFACTION 

1. In general, how would you describe your experience in 
completing the tasks in this experiment ? 

Very Frustrating ••••• Very Enjoyable 

2. How satisfied were you with your performance of the 
tasks ? 

Very Unsatisfied ••••• Very Satisfied* 

3. While completing the tasks I felt? 
Completely Confused ••••• Complete comprehension 

4. While completing these tasks I was 
Frequently Frustrated ••••• Never Frustrated 

5. I found the computer easy to use 
Strongly Disagree ••••• Strongly Agree 
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6. Generally, when trying to run an APPLICATION program I 
felt that I 
Totally understood what I was doing 

••••• Was completely confused 

7. Generally, when trying to issue a DOS command I felt 
that I 

Was Completely Confused 
••••• Totally Understood What I Was Doing 

8. The tasks in this experiment were 
Much Too Easy ••••• Much Too Difficult* 

a All scale items are seven point semantic 
differentials. 

* Reverse coded 



EXHIBIT 5 

VARIABLE KEY AND MEASURES FOR 
ONLINE ATTITUDE TOWARD THE COMPUTER INVENTORY 

(ONLINE ATTITUDE) 

variable Key: ONLINE ATT. or ONLINE ATTITUDE 

Strongly Agree ••••• Strongly Disagree 
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1. So far I have found these tasks to be very difficult?* 

2. I find this experiment to be very confusing?* 

3. I am f~eling mentally drained as a result of these 
tasks? 

4. I am feeling very frustrated with this computer?* 

a All scale items are seven point semantic 
differentials. 

* Reverse coded 



EXHIBIT 6 

VARIABLE KEY AND MEASURES FOR 
CONFOUND CHECKS 

My typing ability hindered my performance on these tasks 

Tremendously ••••• Not at all 

Did you feel that the computer system was 

Too slow ••••• Too fast 

Variable Key: DOS DOCUMENTATION 

1. When looking up a DOS command, I found the answers to 
be 

Very clear ••••• Very confusing* 

2. I found the DOS HELP Documentation to be 

* Very helpful ••••• Not at all helpful 
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3. Overall, how would you rate the DOS HELP Documentation 

Excellent ••••• Terrible* 

a All scale items are seven point semantic 
differentials. 

* Reverse coded 
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MIS471 

Total 

TABLE 1 

NUMBER OF SUBJECTS PARTICIPATING 
IN THE EXPERIMENT (BY COURSE) 

Pretested Participated 

162 95 

82 45 

244 140 
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TABLE 2 

PRETEST QUESTIONS USED TO ASSIGN SUBJECTS 
TO LEVEL OF EXPERIENCE CATEGORIES 

311 

1. The subjects' self reported knowledge about computers, 
along the following scale (pretest question N17a): 

Very 
Knowledgeable 

123 4 

Not 
Knowledgeable 

567 

2. The combined number of computer related courses that 
the subject HAS TAKEN and IS TAKING (pretest question 
N9ab) • 
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TABLE 3 

SUBJECT SELECTION CRITERIA 

Experience Experience Level 
criteria Mean/(Std. Dev. ) 

Total Novice Casual Exp. 
n=140 n=44 n=48 n=48 

17a: 
How do you rank 3.83/ 1.82/ 3.90/ 5.60 
/ 
your knowledge (1.67) ( .39) ( .78) ( 
.68) 
about computers? 
1 = Not knowledgeable 
7 = Very knowledgeable 

9ab: 
Computer related 4.14/ 1.05/ 2.75/ 8.38 
/ 
courses taken and (3.60) ( .68) ( .84) 
(2.81) 
being taken? 

* all groups significantly different (Scheffe p < .05) 



TABLE 4 

ASSIGNMENT OF SUBJECTS TO TREATMENTS 
BY EXPERIENCE LEVEL 

Treatment Novice Casual Experienced 
A 11 12 12 
B 10 12 12 
C 11 12 12 
D 12 12 12 

Total 44 48 48 
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Total 
35 
34 
35 
36 

140 



TABLE 5 

TASKS SELECTED FOR THE WARMUP EXERCISES 

Execute three application programs 

Execute six DOS commands (they were: 
VER, VOL, DIR, DIR, SHOW TIME/ 
SET TIME) 

Exercises designed to get the subject 
familiar with the DOS help documentation 
activities (written or online): 

o look up a DOS command 
o become familiar with the 

documentation format 
o locate a particular sample example 

within the documentation 
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TABLE 6 

TASKS SELECTED FOR THE EXPERIMENT TASKS 

Execute four application programs 

Execute eleven DOS commands (they were: 
DIR, TYPE, COPY, TYPE, RENAME, DEL, 
DATE, SORT, TYPE, FIND, DIR) 
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TABLE 7 

NUMBER OF TASKS IN THE WARMUP EXERCISES 
AND FINAL EXPERIMENT TASKS 

pilot Study 

Warmup Exercises * 
Experiment Tasks ** 

* Appendix C 

** Appendix D 

-- NUMBER OF TASKS -
Application DOS 

5 7 

3 7 

4 13 
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Minutes 

0:00 

0:10 

0:21 

0:25 

0:30 * 
1:05 ** 

TABLE 8 

TYPICAL EXPERIMENT SESSION TIMEFRAME 

Event 

wait for late arrivals 

Show Introductory Video 

Questions I Sign Consent Form I Turn On Machine 

DOS DIR Command documentation Walk-Through 

Begin Warmup Exercises 

Begin Exercise Tasks 

* If a subject finished early, slhe was asked to wait, 
go for a walk, get a drink. 
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** It took ~rom 18 to 55 minutes for subjects to complete 
the tasks. As each subject completed the exercises, 
slhe was asked to complete a follow-up Questionnaire 
(posttest) • 



Level of Subject 
Experience: 

TABLE 9 

GENERAL SUBJECT PROFILE 

category 
Novice 
Casual 
Experienced 

Number 
44 
48 
~ 
140 

Code 
1 
2 
3 

Age: Range 18 - 46 

Female - 67 (48%) 

Mean = 22.9 

Gender: 

Class Level: Class 
Sophomore 
Junior 
senior 

Male - 73 (52%) 

Level 
1 (.7%) 
56 (40%) 
83 (59%) 

Mean 

Number Code 
2 
3 
4 

of Code = 3.6 

Course Selected From: MGT 95 (68%) 
MIS 45 (32%) 

Subject Major: MIS 48 (34%) 
MGT/ACC/FIN/MKT 78 (56%) 
Other 14 (10%) 

Number of Subjects Assigned to Each Cell: 
Treatment Novice Casual EXI2erienced Total 

A 11 12 12 35 
B 10 12 12 34 
C 11 12 12 35 
D 12 12 12 ~ 
Total 44 48 48 140 

Number of Subjects by Experiment Dimension: 
Dimension Novice Casual EXI2erienced Total 
Shell 21 24 24 69 
NoShel1 23 24 24 .-1..! 
Total 44 48 48 140 

Online 22 24 24 70 
written 22 24 24 -2Q 
Total 44 48 48 140 
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TABLE 10 

SUBJECT EXPERIENCE WITH COMPUTERS 

Topic 

Computer Courses Taken 
Computer Courses Taking 
Familiar with operating Systems 
Number of years since first 

using a computer 

Mean 

3.31 
.84 

1.61 

4.00 

Range 

o - 15 
0-4 
0-2 

o - 15 
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TABLE 11 

SUBJECT PROFILE INFORMATION 

Topic 

Previously used a computer 
Previously used IBM PC or compatible 
Currently own a PC 
Expect to use computer in future career 
Experiments were a good experience 
Interface was easy to use 
Comprehended tasks 
Frustrated by experiments 
Documentation clear 
Tasks were easy 

Percentage 

99% 
27% 
22% 
94% 
70% 
77% 
75% 
72% 
70% 
61% 
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TIMEb 

CHARACTERSb 

ASSISTANCEb 

REFERENCEb 

TABLE 12 

WARMUP EXERCISES 

PEARSON CORRELATIONS BETWEEN 
PERFORMANCE MEASURES. a 

TIME CHAR ASST 

1.00 

.37* 1.00 

.32* .06 1.00 

.05 .48* -.09 

a Sample size = 140 

REF 

1.00 

b Variable keys and measures are included in Exhibit 1 
* P < .001 
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TIMEb 

CHARACTERSb 

ASSISTANCEb 

REFERENCEb 

TABLE 13 

FINAL EXPERIMENT TASKS 

PEARSON CORRELATIONS BETWEEN 
PERFORMANCE MEASURES. a 

TIME CHAR ASST 

1.00 

.73* 1.00 

.70* .50* 1.00 

.52* .60* .46* 

a Sample size = 140 

REF 

1.00 

b Variable keys and measures are included in Exhibit 1 
* P < .001 
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TABLE 14 

PEARSON CORRELATIONS B-ETWEEN 
WARMUP EXERCISES & FINAL EXPERIMENT TASKS 

PERFORMANCE MEASURES. a 

FINAL EXPERIMENT 
TIME CHAR ASST REF 

WARMUP 

TIMEb .20* .03 -.06 -.17 

CHARACTERSb -.05 .13 -.21* -.04 

ASSISTANCEb .46** .29** .36** .06 

REFERENCEb -.11 .01 -.16 .17 

a Sample size = 140 
b Variable keys and measures are included in Exhibit 1 
* P < .01 

** P < .001 
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TABLE 15 

FINAL EXPERIMENT RESULTS FOR 
VARIMAX FACTOR ANALYSIS OF ~RIGINAL 

8 ITEM SHAFT MEASURE 

Item Factor 1 

Enhance/Restrai~*creativity** .62 
Helpful/Harmful .52 
Enjoyable/Frustra~1ng to Use .85 
Intriguing/Boring ** .55 
Easy/Difficult to Use .84 
Non-Threatening/Threatening .72 
Sound Investment/Waste of MoniY 
Increase/Decrease Productity* 

Percent of variance explained 44.8 

* Factor loadings reported are> .20 

** Reverse coded 

324 

Factor 2 

.39 

.54 

.40 

.81 

.72 

14.7 



TABLE 16 

FINAL EXPERIMENT RESULTS FOR 
VARIMAX FACTOR ANALYSIS OF 

NEW GENERAL ATTITUDE MEASURE 

Item 

Anxious/Comfortable 
I~ferior/superior** 
In/Out of Control 
Demanding/Adaptive 
Controls you/At your Mercy 

Percent of variance explained 

Factor 1* 

.80 

.83 

.88 

.74 

.77 

65.0 

* Only 1 factor with eigenvalue over 1 

** Reverse coded 
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TABLE 17 

FINAL EXPERIMENT RESULTS FOR 
VARIMA}~ FACTOR ANALYSIS OF SATISFACTION 

Item Factor 1* 

Experience in completing tasks 
(Enjoyable/Frustrating) .75 

satisfied with performance 
(Satisfied/Unsatisfied) .47 

While completing tasks, .1 felt 
(Conprehension/Confused) .80 

While completing tasks, I was 
(Frequently/Never Frustrated) .78 

Found computer easy to use 
(Agree/Disagree) .56 

When running application programs, 
I (understood what I*~as doing/was 
completely confused) .52 

When issuing a DOS command, I 
(understood what I was doing/was 
completely confused) .62 

The tasks in this experiment wer~ 
(Much to easy/Much to difficult) * .68 

Percent of variance explained 64.8 

* Only 1 factor with eigenvalue over 1 

** Reverse coded 
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Item 

TABLE 18 

FINAL EXPERIMENT RESULTS FOR 
VARIMAX FACTOR ANALYSIS OF 

ONLINE REPORTS OF ATTITUDE TO TASK 
(APPLICATION TASK) 

Factor 1* 

Strongly Agree ••••• Strongly Disagree* 

TASK 5 
So far I have found these tasks 

to be difficult. 

I find this experiment to be 
very confusing. 

TASK 11 
I am feeling mentally drained 

as a result of these tasks. 

I am feeling very frustrated 
with this computer. 

Percent of variance explained 

* Only 1 factor with eigenvalue over 1 

* Reverse coded 

.85 

.84 

.89 

.87 

74.0% 
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TABLE 19 

PEARSON CORRELATIONS BETWEEN 
ATTITUDE SCALESa 

Cronbach's 
ALPHA SHAFT NGA 

ATTITUDE 

SHAFTb • 83 1.00 . 

NGAc .86 .78* 1.00 

SATISFACTIONd .92 .66* .62* 

ONLINE ATTo e .88 .46* .45* 

a Sample size = 140 
b Variable key and measures are included 
c Variable key and measures are included 
d Variable key and measures are included 
e Variable key and measures are in<.:luded 

* P < .001 
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ONLINE 
SATISF 

1.00 

.66* 1.00 

in Exhibit 2 
in Exhibit 3 
in Exhibit 4 
in Exhibit 5 



TABLE 20 

PEARSON CORRELATIONS BETWEEN 
PERFORMANCE MEASURES & ATTITUDE SCALESa 

TIME CHAR ASST REF 

SH.l\FTb -.44** -.23* -.34** -.21* 

NGAc -.44** -.25* -.32** -.25* 

SATISFA~TIONd -.71** -.53** -.61** -.39** 

ONLINE AT'r. e -.45** -.26** -.41** -.07 

a Sample size = 140 
b Variable key and measures are included in Exhibit 
c Variable key and measures are included in Exhibit 
d Variable key and measures are included in Exhibit 
e Variable key and measures are included in Exhibit 
* P < .01 

** P < .001 
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TABLE 21 

ANALYSIS OF VARIANCE 
RESULTS FOR CONFOUND CHECKS* 

Confound Check Alpha F 

Typing hinders performance 
Experience 4.64 
Shell .54 
Documentation .28 

Computer Syste'ffi Fast 
Experience 4.50 
Shell 1.94 
Documentation .39 

DOS Documentationa .82 
Experience 11.73 
Shell 7.56 
Documentation .76 

df 

2 
1 
1 

2 
1 
1 

2 
1 
1 

* All main effects and interactions significant at 
p ~ .10 are reported. 

a Measures are included in Exhibit 6 
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P 

.01 

.47 

.60 

.01 

.17 

.53 

.001 

.01 

.39 



TABLE 22 

CHISQUARE RESULTS 
FOR CONFOUND CHECKS 

Confound Check Chi-Square 

Motivation for participating: 

Monetary Incentive 
Experience 3.38 
Shell .31 
Documentation .00 

Learn Computer Interface 
Experience 3.46 
Shell .10 
Documentation .55 

Help MIS Do Research 
Experience 19.60 
Shell 2.06 
Documentation .76 
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df p 

2 .18 
1 .58 
1 1.00 

2 .18 
1 .75 
1 .46 

2 .001 
1 .15 
1 .38 



TABLE 23 

WARMUP EXERCISE TASKS 

ANALYSIS OF VARIANCE RESU~TS FOR 
PERFORMANCE MEASURES 

Dependent Measures F df 

TIMEa 
Experience (EXP) 4.11 2 
User Interface (SHELL) 14.07 1 
EXP x SHELL x DOC 

Interaction 6.95 2 

CHARACTERS a 
User Interface (SHELL) 9.16 1 
Documentation (DOC)- 45.28 1 
EXP x SHELL x DOC 

Interaction 2.45 2 

ASSISTANCEa 
Experience (EXP) 8.46 2 
User Interface (SHELL) 23.22 1 
Documentation (DOC) 3.30 1 
EXP x DOC Interaction 3.85 2 
SHELL x DOC Interaction 16.62 1 
EXP x SHELL x DOC 

Interaction 3.74 2 

REFERENCEa 

Documentation (DOC) 28.77 1 

* All main effects and interactions significant at 
p ~ .1 are reported. 

a Measures are included in Exhibit 1. 
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P 

.019 

.001 

.001 

.003 

.001 

.091 

.001 

.001 

.072 

.024 

.001 

.026 

.001 



TABLE 24 

FINAL EXPERIMENT TASKS 

ANALYSIS OF VARIANCE RESU~TS FOR 
PERFORMANCE MEASURES 

Dependent Measures F df 

TIMEa 
Experience (EXP) 29.86 2 
User Interface (SHELL) 5.65 1 
Documentation (DOC) 14.B8 1 
EXP x SHELL Interaction 2.25 2 
SHELL x DOC Interaction 3.63 1 

CHARACTERS a 
Experience (EXP) 12.38 2 
User Interface (SHELL) 15.78 1 
Documentatior.l (DOC) 41.29 1 
SHELL x DOC Interaction 25.21 1 

ASSISTANCEa 
Experience (EXP) 8.81 2 
User Interface (SHELL) 3.63 1 
Documentation (DOC) 4.40 1 

REFERENCEa 

Experience (EXP) 3.38 2 
User Interface (SHELL) 55.28 1 
Documentation (DOC) 16.85 1 
EXP x SHELL Interaction 7.92 2 
SHELL x DOC Interaction 3.74 1 

* All main effects and interactions significant at 
p ~ .1 are reported. 

a Measures are included in Exhibit 1. 
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P 

.001 

.019 

.001 

.109 

.059 

.001 

.001 

.001 

.001 

.001 

.059 

.038 

.037 

.001 

.001 

.001 

.055 



TABLE 25 

FINAL EXPERIMENT TASKS 

ANALYSIS OF VARIANCE RES~LTS FOR 
ATTITUDE MEASURES 

Dependent Measures Alpha F df P 

SHAFT (attitude toward computers) a 
Experience (EXP) .83 34.97 2 .001 

NGA (attitude toward computers)b 
Experience (EXP) .86 54 .. 36 2 .001 
User Interface (SHELL) 3.39 1 .068 
EXP x DOC Interaction 3.44 1 .035 

SATISFACTIONc 
~92 

Experience (EXP) 29.00 2 .001 
Documentation (DOC) 4.26 1 .041 
EXP x SHELL Interaction 3.39 2 .037 

ONLINE ATTITUDEd 
Experience (EXP) .88 13.16 2 .001 
User Interface (SHELL) 5.33 1 .023 

* All main effects and interactions significant at 
p < .1 are reported. 

b Variable key and measures are included in Exhibit 2 
c Variable key and measures are included in Exhibit 3 
d Variable key and measures are included in Exhibit 4 
e Variable key and measures are included in Exhibit 5 
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Time * 
S/O 
N/O 
S/W 
N/W 
Total 

Characters 
S/O 
N/O 
S/W 
N/W 
Ifotal 

Assistance 
S/O 
N/O 
S/W 
N/W 
Total 

Reference * 
S/O 
N/O 
S/W 
N/W 
Total 

TABLE 26 

MEASURES FOR THE PERFORMANCE DEPENDENT 
MEASURES BY THE TWELVE CELLS OF 

THE FINAL EXPERIMENT 

EX12erienced Casual 

25.27 29.65 
26.32 38.57 
20.92 29.37 
20.73 25.33 
23.30 30.73 

* 
546.33 584.00 
678.50 814.67 
471.33 604.25 
480.50 554.58 
544.17 638.63 

* 
.67 1.17 
.58 2.33 
.33 1.08 
.42 .67 
.50 1.31 

3.75 3.58 
5.25 10.75 
2.25 1.58 
3.92 5.25 
3.79 5.29 

Novice 

35.18 
44.08 
31.07 
37.85 
37.20 

649.00 
970.18 
607.30 
567.17 
697.50 

1.64 
3.55 
1.10 
2.25 
2.16 

2.18 
12.45 
1.40 
7.17 
5.93 

* Variable keys and measures are included in Exhibit 1 
S/O Shell Interface and Online Documentation 
N/O No Shell Interface and Online Documentation 
S/W Shell Interface and written Documentation 
N/W No Shell Interface and written Documentation 
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Shaftb 
5/0 
N/O 
S/W 
N/W 
Total 

NGAc 
5/0 
N/O 
SIW 
N/W 
Total 

TABLE 27 

MEASURES FOR THE ATTITUDINAL DEPENDENT 
MEASURES BY THE TWELVE CELLS OF 

THE FINAL EXPERIMENT 

E)Q2erienced Casual 

6.25 5.18 
6.21 5.38 
5.94 5.64 
6.04 5.50 
6.11 5.42 

6.07 4.83 
6.17 4.73 
5.90 5.15 
5.50 4.69 
5.91 4.86 

Satisfactiond 
S/O 5.97 5.29 
N/O 6.26 5.05 
S/W 5.91 5.45 
N/W 6.46 5.50 
Total 6.15 5.32 

Online Attitudee 
S/O 6.04 5.13 
N/O 6.88 5.50 
S/W 5.94 5.56 
N/W 6.67 5.90 
Total 6.38 5.52 

Novice 

4.30 
4.42 
5.17 
4.51 
4.59 

3.67 
3.44 
4.56 
3.78 
3.86 

4.40 
3.75 
5.29 
4.50 
4.48 

4.34 
4.98 
4.47 
5.17 
4.76 

b Variable key and measures are included in Exhibit 2 
c Variable key and measures are included in Exhibit 3 
d Variable key and measures are included in Exhibit 4 
e Variable key and measures are included in Exhibit 5 

S/O Shell Interface and Online Documentation 
N/O No Shell Interface and Online Documentation 
S/W Shell Interface and written Documentation 
N/W No Shell Interface and written Documentation 
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prete~t 
Shaft 
S/O 
N/O 
S/W 
N/W 
Total 

posttgst 
Shaft 
S/O 
N/O 
S/W 
N/W 
Total 

TABLE 28 

PRETEST AND POSTTEST 
SHAFT ATTITUDE TOWARD COMPUTER SCORES 

BROKEN DOWN BY THE TWELVE CELLS 

Experienced Casual 

5.89 5.07 
5.65 5.21 , 
5.90 5.12 
5.64 5.15 
5.77 5.14 

6.25 5.18 
6.21 5.38 
5.94 5.64 
6.04 5.50 
6.11 5.42 

Novice 

4.55 
4.35 
4.62 
4.54 
4.52 

4.30 
4.42 
5.17 
4.51 
4.59 

b Variable key and measures are included in Exhibit 2 
S/O Shell Interface and Online Documentation 
N/O No Shell Interface and Online Documentation 
S/W Shell Interface and written Documentation 
N/W No Shell Interface and written Documentation 
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TABLE 29 

SELECTED TASK PERFORMANCE AND ATTITUDE MEASURE~ 
AS A FUNCTION OF EXPERIENCE AND USER INTERFACE 

(Means) 

TIMEa (Minutes and Seconds) 

Experts Casual Novice Total 

Shell 23.10 29.50 33.23 28.40 
No Shell 23.52 31.95 40.83 31.98 
.Total 23.30 30.73 37.20 30.22 

REFERENCESa (Number of Documentation References) 

Experts Casual Novice Total 

Shell 3.00 2.58 1.81 2.49 
No Shell 4.58 8eOO 9.70 7.39 
Total 3.79 5.29 5.93 4.98 

SATISFACTIONb (On a scale of 1 to 7) 

Experts Casual Novice Total 

Shell 5.94 5.37 4.82 5.40 
No Shell 6.36 5.27 4.16 5.29 
Total 6.15 5.32 4.48 5.35 

* See Figure 12 for graph of these data. 
a Variable key and measures are included in Exhibit 1. 
b Variable key and measures are included in Exhibit 4. 
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TABLE 30 

SELECTED TASK PERFORMANCE AND ATTITUDE MEASURES 
AS A FUNCTION OF EXPERIENCE AND ONLINE DOCUMENTATION* 

(Means) 

TIMEa (Minutes and Seconds) 

Experts Casual Novice Total 

Online 25.78 34.10 39.63 ·33.00 
written 20.83 27.35 34.77 27.45 
Total 23.30 30.73 37.20 30.22 

NGAb (On a scale of 1 tt> 7) 

Experts Casual Novit.::e Total 

Online 6.12 4.78 3.56 4.88 
written 5.70 4.93 4.14 4.94 
Total 5.91 4.86 3.86 4.91 

SATISFACTIONc (On a scale of 1 to 7) 

Experts Casual Novice Total 

Online 6.11 5.17 4.09 5.17 
written 6.18 5.47 4.86 5.52 
Total 6.15 5.32 4.48 5.35 

* See Figure 13 for graph of these data. 
a Variable key and measures are included in Exhibit 1. 
b Variable key and measures are included in Exhibit 3. 
c Variable key and measures are included in Exhibit 4. 
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TABLE 31 

TASK PERFORMANCE MEASURES AS A FUNCTION ~F 
USER INTERFACE AND ONLINE DOCUMENTATION 

(Means) 

TIMEa (Minutes and Seconds) 

Online written Total 

Shell 29.88 26.88 28.40 
No Shell 36.10 27.97 31.98 
Total 33.00 27.45 30.22 

CHARACTERS a (Number) 

Online written Total 

Shell 591.5 557.2 574.6 
No Shell 816.9 534.1 673.5 
Total 704.2 545.3 624.7 

ASSISTANCEa (Number of Requests) 

Online written Total 

Shell 1.14 .82 .99 
No Shell 2.11 1.11 1.61 
Total 1.63 .97 1.30 

REFERENCES a (Number of Documentation References) 

Online written Total 

Shell 3.22 1.76 2.49 
No Shell 9.40 5.44 7.39 
Total 6.30 3.66 4.98 

* See Figure 14 for graph of these data. 
a Variable key and measures are included in Exhibit 1. 
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TABLE 32 

TASK ATTITUDE MEASURES AS A FUNCTION OF 
USER INTERFACE AND ONLINE DOCUMENTATION* 

(Means) 

SHAFTa (On a scale of 1 to 7) 

Shell 
No Shell 
Total 

Online 

5.27 
5.39 
5.33 

written 

5.61 
5.35 
5.48 

NGAb (On a scale of 1 to 7)7 

Shell 
No Shell 
Total 

Online 

4.89 
4.86 
4.88 

written 

5.24 
4.66 
4.94 

SATISFACTIONc (On a scale of 1 to 

Online written 

Shell 5.24 5~56 

No Shell 5.10 5.49 
Total 5.17 5.52 

ONLINE ATTITUDEd (On a scale of 1 

Online written 

Shell 5.19 5.38 
No Shell 5.81 5.91 
Total 5.50 5.65 

Total 

5.44 
5.37 
5.40 

Total 

5.06 
4.76 
4.91 

7) 

Total 

5.40 
5.29 
5.35 

to 7) 

Total 

5.28 
5.86 
5.57 

* See Figure 15for graph of these data. 
a Variable key and measures are included 
b Variable key and measures are included 
c Variable key and measures are included 
d Variable key and measures are included 

in Exhibit 
in Exhibit 
in Exhibit 
in Exhibit 
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APPENDIX Y 

LIST OF FIGURES 



strategic Planning (Mission): 
omission 
o goal 
o objectives 
o strategies 
o global activities 

Management Control (Resources): 
o organizational activities 
o resource procurement 
o movement of materials 
o use of materials 
o use of personnel 
o expenditure of money 

Operational Control (Tasks): 
o functional support activities 
o structured tasks 
o specific tasks 
o recurring tasks 

FIGURE 1 

FUNCTIONAL AREAS OF THE ORGANIZATION 
(Based on the work of Anthony 1965) 
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Typical Application Users' 
computer Experience Level Application Type 

Naive/Casual 

Experienced 

strategic 
Planning Systems 

(e.g., GDSS, Groupware) 

Decision Support Systems (DSS) 
(e.g., Spreadsheets) 

Traditional Data Processing Systems 

FIGURE 2 

INFORMATION SYSTEMS PYRAMID AND 
USERS' LEVEL OF EXPERIENCE 
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User Interface Exp 
U of AZ 
B:\ 

Available Selections 

Monday 4-Nov-85 

MAIN MENU 

1 Application Menu - runs applications which you defined 
2 DOS Commands - executes DOS commands 
3 Define Applications - builds or changes the Applications Menu 

11:05:48 

4 Assistance Level - sets DOS system assistance to level you specify 
5 Define Function Keys - sets function key to string you specify 
6 Set Time and Date - sets the time and date 
7 Yime/Date Banner - turns instruction/time-date banner on or off 
8 Tape Backup Utility - uses tape to backup/restore your hard disk 

F1 Application Support - Application program difficulties? Try thisl 
F9 Online HELP - provides detailed explanations of the DOS commands 
ESC Exit User Interface - returns you to normal DOS system with User 

Interface assistance level 3 (novice)_ 

Press selection number and [CR]: 

FIGURE 3 

USER INTERFACE MAIN MENU 
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User Interface Exp 
U of AZ 
B:\ 

APPLICATIONS MENU 

Applications you can run 

1 FIRST Application Program 
2 INTRO Application Program 
3 SAMPLE Application Program 
4 STUDENT Application Program 
5 PROGRAM #1 Application Program 
6 PROGRAM #2 Application Program 
7 PROGRAM #3 Application Program 

PgUp Previous page 
PgDn Next page 
F1 Explanation of your selections 
F2 Change your default drive 
ESC Return to previous screen 

Press selection number and [CR]: 

FIGURE 4 

Page 1 of 1 

USER INTERFACE APPLICATIONS MENU 
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COMMAND: : B:\ 

Choose your command in the list below using <arrows> and press [CR]. 
OR 

Type the command you wish to execute Dnd press [CR]. Use DEL to delete. 
Press F9 for a detailed explanation of these commands. 
~~~~s ESC to return to previous screen. 

backup 
cd/chdir 
chkdsk 
cClq) 
copy 
date 
del/erase 
dir 
diskcOfl1> 
diskcopy 
find 
format 
nd/mkdir 
mode 
path 

Copy a Hard Disk 
Change Directory 
Check Disk 
File COfI1>8re 
Copy Files 
Enter/Change the Date 
Delete Files 
Examine Directory 
Compare Entire Diskettes 
Copy Entire Diskettes 
Search Text in Files 
Initial he Disks 
Make Directories 
Set the Mode of Operation 
Set a Command Path 

print Print a Text File 
ren/rename Change Files Name 
restore Restore Backed Up Files 
rd/rndir Remove a Directory 
sort Sort the Data in a File 
sys Transfer DOS 
time Set/Change the Time 
type Display a File 

Advanced Commands 
assign fdisk 
br~ak graphics 
command recover 
ctty set 

tree 
ver 
verify 
vol 

FIGURE 5 

USER INTERFACE DOS COMMAND MENU 
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COMMAND: : copy . C:\ . 

Rc,~ired parameters ore highlighted. 
U~e the following keys tQ control input: 

to move to the next field END to execute 
<. to delete the previous character ESC to cancel and return 
I to move to the previous field F9 for detailed explanation 

Source File 
Drive: : 
PathnarOO: 
Name: . -

Destination File 
Drive: : 
PathnarOO: 
Name: . -
Do you want to verify the copied files (yIn)?: _ 

FIGURE 6 

USER INTERFACE DOS COMMAND PROMPT MENU 
(using the COpy command as an example) 
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an-Line Help Menu Version 1.30 

ANSI - DEL GOTO RENAME 
ASSIGN - DEVICE GRAFTABL RESTORE 
BACf(lJP DIR GRAPHICS RMDIR 
BATCH DISKCOMP IF SET 
BREAK DISKCOPY KEYB SHELL 
BUFFERS ECHO MKDIR SHIFT 
CHOIR ERASE MOOE SORT 
CHKDSK ESC MORE SYS 
CLS EXE2BIN PATH TIME 
COMMAND EXIT PAUSE TREE 
CeMP FDISK PRINT TYPE 
CONFIG FILES PROMPT VER 
COPY FIND RAMDISK VERIFY 
CTTY FOR IN DO RECOVER VOL 
DATE FORMAT REM 

Press the Arrow Keys (arrows) to select, then press [CR] for HELP. 
Press the Esc key to exit On-Line Help. 
Description: ....--------------------------, 

DEVICE=ANSI.SYS 
Installs the ANSI standard keyboard driver. This command 
is used in the CONFIG.SYS file. 
~---------------------------------

FIGURE 7 

USER INTERFACE ONLINE HELP MENU 
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OIR 

The DIR internal command lists the directory entries of either 
specified files or all files in a directory. OIR tells you the 
name, creation date, size of the file in bytes, and the amount 
of space left on the disk. 

FORM~T I OIR [d:] [pathname] [filename[.ext]]t/Pl[/W] 

[d:][pathname][filename[.ext]] is the file specification of the files 
you want listed. The * end ? characters can be used to select a group 
of files. If no drive, path, or filename is specified, ell files in 
the current directory on the defeult drive will be listed. 

/P causes the display to pause when the screen is full. When you press 
any key the listing will continue. 

/W provides a wide display, with each line displaying 5 filenames. 
Only the filenames and directory names will be displayed. 

F7 = Prev F9 5 Skip Home = Menu Esc = Exit Any Key = More 

FIGURE 8 

USER INTERFACE DETAILED HELP DOCUMENTATION 
(1 of 2) 
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SAMPLE COMMAND -----------

C>DIR A: 

Volume in drive A: has no label 
Directory of A:\ 

TUTOR EXE 48000 12-13-83 
HELP EXE 3968 12-30-83 
ENDF BAK 128 1-03-84 
ENDf 128 2-07-84 
OORSCRN 10240 2-07-84 
OURDIR 896 2-07-84 
PAGES 0 '-05-84 

3:40p 
3:01p 
1:34p 
9:13a 
1 :17p 
1: 17p 

11:38a 

7 File(s) 296960 bytes fr~e 

WHAT IT DOES --------1 

This command lists all files in the 
current directory of drive A:_ 
The information displbyed is: 

FILENAME EXTENSION SIZE DATE TIME 

in colum order. 

If more information than you can 
read flashes by while using DIR, 
just append IP to the end of the 
command and it will pause when the 
screen is full. 

The Ctrl-Num Lock key combination 
can also be used to pause the 
displaying of lines on the monitor. 

FIGURE 9 

USER INTERFACE DETAILED HELP DOCUMENTATION 
(2 of 2) 
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B:\ Monday 4-Nov-85 
Command & F8 = Prompt F8 = Command LiGt F9 = Online HELP F10 = Main Menu 
B:\> 

FIGURE 10 

USER INTERFACE AT THE DOS COMMAND LEVEL 
WITH ALL FEATURES IMPLEMENTED 
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B:\ 
F9 c Online HELP 
B:\> 

FIGURE 11 

Monday 4-Nov-85 

USER INTERFACE AT THE DOS COMMAND LEVEL 
WITH ONLY THE HELP FEATURE IMPLEMENTED 
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FIGURE 13 

SELECTED TASK PERFORMANCE AND ATTITUDE MEASURES 
AS A FUNCTION OF EXPERIENCE AND ONLINE DOCUMENTATION 
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EXPERIMENT USER INTERFACE SOFTWARE TREATMENTS 
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Docu me ntatio n 
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Shell 
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FIGURE 17 

CUBE EXPERIMENTAL DESIGN 



Thank you. 

This concludes the Application Program: STUDENT. 

Press any key to continue. 

FIGURE 18 

STJCCESS SCREEN 

A screen similar to this was present at the successful 
completion of every application program. 
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THE PROGRAM HAS EXPERIENCED AN ERROR, 
SO IT IS GOING TO START OVER. 

PRESS ANY KEY TO CONTINUE. 

FIGURE 19 

ERROR SCREEN 

This screen was presented to the subject whenever an error 
was encountered during the running of an application 
program. 
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