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In the last several years, there has been an interest 

in graphical user interfaces as compared with character user 

interfaces. The "mouse" is the device most closely 

associated with graphical user interfaces. Key strokes are 

more closely associated with character user interfaces. 

Given these associations, is there a preference for the 

keyboard or for the mouse as an input device? 

The determination of user preference was reduced to the 

determination of preference of key strokes or mouse clicks 

for selection of main menu items. 

The subjects, university students working with 

Microsoft Works by Microsoft Corporation, copyright 1987-

1989, were learning how to use application software. While 

Microsoft Works was running, tracking software recorded 

every user key stroke and mouse click, together with data 

about these key strokes and mouse clicks. From the analysis 

of these data, common preference for the means of menu item 

selection was determined. 

No preference was found under the treatment of time 

used for this research. The null hypothesis of no input 



method preference was retained (n=31, £=.95). It was 

found that users change their preference of input device to 

the one opposite that with which they began. A null 

hypothesis of no change to the opposite interface was 

rejected (n = 31, £ < .01). 

These findings imply that real or perceived differences 

between types of interface design are due to factors other 

than type of input device with which menu selection is made. 

Furthermore, these findings seem to support the notion that 

when subjects are learning how to use new software, 

understanding the general functionality of the software is 

of greater concern than is determining which is the better 

interface to use. Once a certain level of confidence about 

functionality is reached, subjects begin determining which 

is the better interface. 
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CHAPTER I 

INTRODUCTION 

Background of the Problem 

"Computer user interface" is a term used to describe a 

broad range of situations. It can include the interaction 

between a computer language and a user, where the user 

interacts with the computer in terms of being asked for one 

or more items of information, after which the computer then 

begins processing the data previously entered. On the other 

hand, the interaction might involve asking the user for 

information only when and if the computer processing needs 

it. In either case, this is a computer user interface 

(Thimbleby, 1990). 

Sometimes, in the context of computer users, "inter-

face" is used to refer to a process. Consider the expres-

sion, "After dinner, I plan to interface for an hour or two 

with my computer." At some point in the interface activity, 

the user stares at the computer monitor. The monitor is 

flashing "Prepare the printer for printing .. Save first 

(Y/N)?" The human is thinking about what will happen if "Y" 

is depressed. Will whatever is to be saved be saved under a 

default name? Is it output which will be saved or is it the 

program? "If "N" is depressed will there be an opportunity 

for output to be saved to a file at some later point in 
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time? Even though no key or keys were depressed, there was 

interaction. It is sometimes said that this action is 

computer user interfacing (i.e. the computer user has inter-

faced with the computer). 

It is not uncommon for the computer user interface to 

refer to the device used by a human to transfer information, 

data, and responses to the computer or the device used by 

the computer to transfer information, data, and responses to 

the human. 

In the short history of microcomputers, a variety of 

interfaces have come into being. These will be mentioned 

here and then the field will be narrowed. Among the means 

of getting information, data, and responses from the comput-

er to the user have been the cathode ray tube (monitor) and 

the printed page or graph by means of a printer or a plot-

ter. These have been the mainstays, although there has been 

a significant amount of audio by means of an audio speaker. 

In the other direction, user to computer, there have 

been keyboards, scanners, light pens, graphics tablets, 

microphones, touch screens, joy sticks, game paddles, track-

balls and mice. These represent most of such devices. 

Typically, the keyboard involved alphanumeric character 

entry and the mouse involved digital input which was usually 

in response to a picture or symbolic representation (icon) 

on the screen of the monitor. The term "character user 



interface" (CUI) will designate the first case and the term 

"graphical (graphic) user interface" (GUI) the latter. 

With the CUI, various tasks of software utilization are 

accomplished by use of specific key strokes. The key 

strokes frequently involve special keys on the computer such 

as function keys, the control key, the alternate key, and 

combinations of these keys or others. Frequently, these 

keys are used in conjunction with the standard alpha and 

numeric keys. 

GUI usually involves the use of a special attachment to 

the computer known as a mouse. In some cases, the trackball 

is used. The trackball is made into the keyboard, in which 

case, rather than the user moving the mouse which rotates 

the ball under the mouse, the user moves the ball. In both 

cases, the ball functions in such a way that the motion of 

the belli produces an analog signal which the computer inter-

prets as a cursor movement. 

One, two, and three button mice have become quite 

common (Grevstad, 1989). With the mouse, the various pro-

cesses associated with computer use are accomplished by 

moving the cursor by corresponding mouse (trackball) motion 

and depression of the appropriate key on the mouse or track-

ball. A cursor or some special marking on the screen dis-

play is moved from place to place by the movement of the 

mouse. This cursor is moved to the appropriate symbol which 

has been designed to represent some specific function or 



task. These symbols are usually known as icons. When the 

cursor has been moved to the appropriate icon, a particular 

key on the mouse is depressed or clicked. This selects the 

particular action the icon represents. In some applications 

there are no icons, but a menu is provided instead. In this 

case, the cursor is moved to the appropriate item in the 

menu. The mouse is clicked, selecting the specific function 

or task as represented in the menu. 

A few years ago, it was probably safe to say that the 

GUI was synonymous with Apple, especially the various models 

of Macintosh (Apple Computer Corporation). The CUI was 

synonymous with all other microcomputers. There is a well 

founded reason for this classification scheme. The approach 

used by Apple Computer Corporation and the hardware around 

which their computers were built both emphasize a graphic 

approach rather than a character approach. The history of 

other computers has been to process text and do number 

computation. Other than some rather simple graphics, pro-

duction of graphics was probably not feasible technically or 

economically. When production of graphics became more 

feasible, the older and well established computer companies 

approached graphics in terms of what they already knew about 

the production of text and numeric computation. In a sense, 

their hardware would actually process text and numbers and 

would simulate graphics processing. In the same sense, just 

the opposite was true for the Apple computer. The Apple 



computers would process graphics and simulate text and 

number processing. It would seem quite logical that, when a 

user had an application that called for text and number 

processing, the most appropriate machine to select was the 

one originally designed for this task. When a user had an 

application calling for graphics processing, the most appro-

priate machine to select was the one originally designed 

around the concept of graphics. In actual practice, comput-

er purchases were often not made in accordance with this 

logic. 

As these two basic computer technologies have been 

evolving, each has become better at that for which the other 

was designed. Consequently, this dichotomous classification 

scheme is changing. Just how quickly or slowly this process 

is occurring is probably subject to argument, depending to 

some extent on whether a person is a GUI fan or a GUI fan, 

but that it is occurring will likely not be disputed (Nix-

dorf, 1992). It is, of course, possible that this is an 

oversimplification. Considerably more may be involved here 

than meets the eye. More will be said about this later. 

Windows (with 3.1 being the latest version) by Micro-

soft, Inc. is a GUI implementation with mouse input, written 

for IBM and compatible machines (frequently referred to as 

DOS [disk operating system] machines), but menu options can 

be selected by keystrokes. It has been praised by some and 



scorned by others. For example, a recent letter to PC World 

from J. C. Randolph (1991), reads as follows: 

"Road Test: Windows 3.0" in August was refreshing in 
that it contained some negative comments about Windows. 
Your past coverage of this operating environment has 
been so positive that I was starting to wonder if PC 
World was owned by Microsoft. I've had more than ten 
years' experience with DOS-based computing, and I 
consider Windows to be one of the worst purchases I 
ever made. After trying it on several machines, I 
threw it out. (p. 32) 

On the other side of the ledger, people like Dave Rowell 

(1989) can be found. Rowell was "a die-hard DOS (disk 

operating system) fan" (p. 71). After working with and 

learning how to use Windows, he reacted with "Try Windows. 

Like me, you may end up enjoying it" (p. 76). Although 

Windows can be used by keyboard input, Rowell advises users, 

regardless of their like or dislike for the mouse, that to 

become efficient in the use of Windows, they really need to 

use both the mouse and the keyboard. 

Humans use both kinds of interfaces, but many seem to 

have strong positive feelings about one and strong negative 

feelings about the other. Halio (1990, January) quotes a 

director at one of the University of Delaware sites as 

saying that "there are Macintosh people and there are IBM 

people. And it's nearly impossible to get people to switch 

from one machine to the other!" (p. 16). 

To what is this strong loyalty due? Is there something 

inherently compelling about the use of one of these inter-

faces as compared to the other? Is this loyalty due to some 
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component of the interface such as the input device? Does 

the mouse or does the keyboard produce some element of 

desirability to produce strong favoritism on the part of the 

user? It is this last question toward which this study is 

directed. 

In their respective "original" environments, the types 

of machines differed considerably in their design, including 

the operating system and mechanics (or electronics, as the 

case may be) by which input was given and output was 

received. The GUI displays picture-like imitations (icons) 

of disks, wastebaskets, etc. In other implementations, the 

GUI displays terms and/or descriptions of various types of 

computer action. By movement of a mouse, a pointer (cursor) 

is moved about on the screen and placed on the appropriate 

descriptor or icon, and then a button is pressed. This is 

called "clicking the mouse." 

The CUI displays terms and/or descriptions of certain 

key closures for opening files, printing, closing files, and 

carrying out all the things computers are capable of doing. 

In 1987, while Halio was teaching freshman composition 

at the University of Delaware, she made a somewhat 

astonishing observation. She observed some very surprising 

differences in performance on the part of those who used GUI 

and those who used CUI. Halio was teaching composition 

using the Macintosh computers for a semester after having 

taught composition for several semesters using IBM PCs and 



was taken by surprise by the apparent difference in 

composition between the current semester's work as compared 

with the earlier work. She decided to question other 

instructors who had some students using each of the two 

types of interfaces. They, too, noticed a difference in 

performance. She decided to test what she perceived to be a 

difference in performance between the two groups. She 

analyzed a random group of twenty essays from each of the 

two groups. Her initial impressions were confirmed. The 

results were as follows: 

The Mac students were writing far fewer complex 

sentences than the IBMers (23 percent compared to 3 0 

percent). They were also using many more "to be" verbs 

(32 percent compared to 23 percent), a sign, according 

to composition theorists, of weak and lifeless prose. 

Readability scores (as judged by the Kincaid 

Scale) averaged 12.1 (college level) for the IBM 

students, but the Mac users obtained a score of only 

7.95 (slightly lower than 8th grade level). Closely 

tied to the readability scores was the measure of 

sentence length: an average of 22.6 words for the Mac 

students and 16.3 for the IBM students, and the Mac 

students--much more than the IBM students--used the 

subject of the sentence as the sentence opener (80 

percent Mac; 66.5 percent IBM). Teachers know that 

weak writers generally rely on subject openers, while 



more sophisticated writers employ more varied openings. 

It is also significant that none of the Mac students 

used subordinating conjunctions as sentence openers, 

while nine percent of the IBM sentences employed 

subordination as a link between ideas. 

Finally, the Mac students were noticeably poorer 

proof-readers than the IBMers, averaging fifteen 

misspellings per essay, compared to four for the IBMers 

(Halio, 1990, January). 

Since the late 197 0s, a major transition has been taking 

place in the method by which communication is reduced to 

writing. The foundation for these advances was put in place 

in the 1960s and 1970s, with some not-so-successful attempts 

along the way, eventually giving rise to the Apple Macintosh 

in 1984 (Baecker, 1987). As microcomputers became common, 

microcomputer software for processing textual information 

was developed. In some cases, the communication has been 

reduced to numbers for analysis, manipulation and storage. 

In still other cases, the communication has been reduced to 

pictures and graphics. 

As application software became more prevalent, two 

common modes of implementation began to surface. These 

modes of operation can generally be reduced to the character 

user interface (GUI) mode and the graphical user interface 

(GUI) mode. Considerable loyalty to one or the other of 

these two methods has been developed by users. Quite 
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naturally, the question of which is the better method is 

repeatedly raised, and is a difficult one to answer. This 

question can be simplified by exploring the role of the 

input device. Does the input device create the loyalty? 

This research will address this part of the broader issue. 

If there is some innate benefit of one input device over 

another, it should become the input device used most fre-

quently as the amount of experience for the user increases. 

Since the GUI was originally most often used in 

conjunction with the Macintosh computer and the CUI was most 

often used with the IBM compatible (DOS) machines, it 

becomes necessary to look at the issue of hardware as well 

as the user interface method. With time, the distinctive 

diffeirences between the two user interfaces has diminished. 

In considering which is the better of the two 

interfaces, it is important to determine just what is meant 

by the term "better." This research adopts the point of 

view that the user interface which becomes used more 

frequently as the user gains experience in the use of a 

piece of software is the better user interface. It follows, 

then, that as a user becomes more familiar with a software 

package, the user will tend to opt for the method with which 

the user is more comfortable (Nicholls, 1990). The approach 

of this research will be to describe some of the facts about 

what the user is doing before attempting to prescribe what 

the user should be doing. It is hopeful that other 
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researchers will be better able to address the latter, once 

more is known about the former. 

The Problem 

The problem is, "With experience, does a computer user 

develop an input device preference for menu item selection?" 

Hypothesis: On the part of computer users, there is no 

significant change in observed difference in menu selection 

method--key selection or mouse selection--as the user gains 

experience in the use of a software package. 

The test of significance of the change in observed 

difference in the method of menu selection--key selection or 

mouse select:ion--is done by postulating a null hypothesis 

which states that the amount of change over time in the 

frequency of key selection of menu items to the frequency of 

mouse selection of menu items is zero for the group receiv-

ing treatment: 

H0: U]_ — u2
 = 0 

against the alternative hypothesis 

Ha. Ui - u2 <> 0 

where u1 is the ratio of the mean frequency of key selection 

of menu items to the mean frequency of mouse selection of 

menu items at the beginning of software usage and u2 is the 

ratio of the mean frequency of key selection of menu items 

to the mean frequency of mouse selection of menu items for 
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the user who has gained experience in his or her use of a • 

piece of software. 

In very simple terms, does the ratio of the frequency 

of key selection of menu items to the frequency of mouse 

selection of menu items change as a user gains experience in 

the use of a particular computer software package? If it 

does change, in which direction is the change--a higher 

ratio of the frequency of key selection of menu items to the 

frequency of mouse selection of menu items, or a lower ratio 

of the frequency of key selection of menu items to the 

frequency of mouse selection of menu items? 

Definitions of terms 

For this research, the term best will be taken to mean 

the method which becomes the method or device of preference 

as the user gains experience in learning to use a piece of 

software. 

A button is a location on the computer monitor marked 

off in such a way as to separate it from the rest of the 

display. It may be round or oval in shape and may include a 

word such as "cancel," or a letter such as "<Y>" for "yes." 

Clicking the mouse with the cursor on this term or letter, 

or pressing the key or set of keys unique to this term, 

causes the computer to carry out the action represented by 

this means. 
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A character user interface (CUI) (Temple, Barker, and 

Sloane, Inc., 1990) is an interface by which a user provides 

input to the computer by the depression of keys or 

combinations of keys on the keyboard. Sometimes the term is 

used, however, to refer to that which the user sees on the 

screen--alphanumeric characters or icons--in terms of 

directives by which to operate the computer. The earlier 

definition will be used in this research. CUI is a 

character-based user interface as contrasted with a 

graphical user interface (GUI). This interface is not the 

same sis a command line interface (CLI) , which calls for 

entry of commands rather than single characters (Crabb, et 

al., 1991). 

Clicking the mouse is the process of pressing one of 

the switches on a mouse or on a trackball. When two clicks-

are executed in very close succession, it is called double 

clicking. 

A command bar is a rectangular area on the computer 

monitor which contains a command or a term related to a 

command. This bar is set apart from the rest of the dis-

played material by color, type of boundary, or some other 

visual identification. Selecting this command involves 

moving the mouse cursor to this position and pressing the 

appropriate switch on the mouse, or pressing some key or set 

of keys which are unique to this command. 
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A command line interface (CLI) is an interface which 

requires the user to type command names or abbreviations for 

command names. This interface was most descriptive of the 

early microcomputers. Today, it is probably best 

characterized by the commands used in working with DOS 

running on IBM and IBM compatible machines. 

An experienced computer user is a user having more than 

eight months of computer experience, where a month of com-

puter experience consists of at least one hour of computer 

experience per day for five days per week. 

A graphical user interface (GUI) is an interface by 

which graphical information is displayed and to which the 

user responds with input to the computer. Such input is 

provided by motion of a mouse or rolling of a ball, with the 

motion of the mouse or ball corresponding to the motion of a 

pointer on the video display. By clicking a switch on the 

input device the user selects the action represented by the 

pointer location. The mouse is a separate input device 

connected to the input circuitry of the computer. The ball 

may be on a small input pad connected to the input circuitry 

of the computer or mounted on the keyboard and attached to 

the input circuitry of the computer. 

Powell (1990) states the following about what a GUI is: 

A GUI is an application environment that can work with 

graphical objects. Microsoft Windows, a typical 

example, has the following components: 
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Menus (including placement and names of options, 

and style--such as pulldown or popup). 

Icons (for identifying applications and 

resources). 

Tiled windows (for views of multiple programs or 

data or for multiple views of a single program or data 

block). 

Dialog boxes for selecting files, options, and 

settings; when an option is selected, the one 

previously selected is turned off. 

Checklists from which the user can make multiple 

selections, as in specifying print or file attributes. 

Support for a pointing device, typically a mouse 

(especially to select and drag screen elements). 

Scroll bars along the edges of windows to show the 

relative position of the contents (such as the end or 

beginning of the text) or to move to a different 

position (such as another part of a spreadsheet), (p. 

355) 

Here, too, the term sometimes implies more emphasis on that 

which is on the screen, by which the user determines what 

actions to take in order to complete a task, than on the 

input method. Sometimes the emphasis is just the reverse, 

with more emphasis on the input method than on that which is 

displayed on the screen by virtue of which the user 

determines what action to take (Hayes & Baran, 1989). The 
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emphasis of this research will be placed on the input device 

as a distinct part of the whole user interface process. 

Human factors are those elements (factors) of computing 

which "enable people to make more effective systems for 

people; enabling designers to make more effective systems 

for users" (Thimbleby, 1990, p. 154). 

A platform is "the foundation technology of a computer 

system. Because computers are layered devices composed of a 

chip-level hardware layer, a firmware and operating-system 

layer, and an applications program layer, the bottommost 

layer of a machine is often called a platform, as in "an IBM 

PC platform." However, designers of applications often view 

both the hardware and systems software as the platform 

because both provide support for the application" (Microsoft 

Press Computer Dictionary: the Comprehensive Standard for 

Business, School, Library, and Home, 1991, p. 270). 

A platform is the general provision by which computer 

software and computer hardware are brought together to 

provide for interaction between computer and user regardless 

of the particular software application being used, a way of 

doing things, or appearance or feel imparted to the user by 

virtue of hardware and software design. 

A mouse is a device connected to a computer's input 

circuitry by which the user enters both analog and digital 

information into the computer. Movement of the mouse moves 

a ball on the underside of the mouse. This ball rotation 
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moves the cursor or pointer located on the display device.' 

A button on the mouse causes the computer to carry out some 

function which is dependent upon the location of the cursor 

or pointer at the time the button is pressed. 

A trackball is a device connected to a computer's input 

circuitry by which a user enters both analog and digital 

information into the computer. This device is located on 

the keyboard or on a separate input device pad. Whereas, in 

the case of the mouse, movement of the mouse causes a ball 

to revolve or rotate, use of the trackball moves the ball 

directly. This motion controls movement of a cursor or 

pointer on the display device. Pressing a button on the 

trackball causes the computer to carry out action according 

to the location of the cursor or pointer at the time the 

button is pressed. Invert a mouse and it becomes a track-

ball as far as moving the cursor or pointer is concerned 

(Smith, 1992) . 

User interface is the term which "specifies how the 

program and the user communicate. Everything seen on the 

screen, read in the documentation, and manipulated with a 

keyboard (or mouse) is part of a user interface" (Powell, 

1990, p. 3). 



CHAPTER II 

REVIEW OF THE LITERATURE 

Review of the Previous Research 

Several methods have been used in the past to assess 

the value of CUI and GUI interactions. Since the GUI is 

most often implemented on a Macintosh computer and the CUI 

is most often implemented on an IBM or IBM compatible 

computer, it is not always possible to know if any differ-

ences are due to the differences in the user interfaces or 

the differences in the computers. The research proposed 

here will be done on an IBM computer using Microsoft Works 

by Microsoft, Inc., copyright 1987-1989. Emulations of both 

interface styles are available for use with this integrated 

software package. There are, however, no icons for the GUI; 

instead of icons, buttons and command bars are provided. 

There has been and continues to be considerable inter-

est in the two user interfaces under consideration in this 

research. 

One of the cases, mentioned in the introduction, which 

is often cited is the work by Halio of the University of 

Delaware (Halio, 1990, January). Halio was teaching a 

section of freshman composition for Macintosh users with GUI 

in the spring of 1987 for the first time, after having 

taught such a course on IBM PCs with CUI since 1985. At the 

18 
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University of Delaware, students are permitted to take the 

course in either a Macintosh user class or an IBM PC user 

class. The Macintoshes used a GUI and the IBMs used a CUI. 

Halio (1990, January) was quite surprised by what she 

observed while working with her composition classes of 1987 

in contrast to her previous experiences. In her words, she 

"had never seen such a sloppy bunch of papers. Words were 

misspelled; commas were placed haphazardly; semicolons were 

virtually nonexistent or placed by means of 'breath' 

punctuation rules; and such fine points as quotation marks, 

apostrophes, and question marks were treated with gay 

abandon" (p.17). 

As the semester progressed, Halio became aware of some 

other differences in addition to mechanics. The style and 

content was also different from that to which she was 

accustomed. The students were using a sort of "pop" style 

of writing, with subject matter involving such topics as 

"fast food, dating, bars, television, rock music, sports, 

relationships, and phenomena such as the foam 'popcorn' 

chips that come in so many packages" (p. 17). The previous 

IBM PC users had written in a more traditional style and had 

chosen subjects such as "capital punishment, teenage 

pregnancy, nuclear war, and drunk driving" (p. 17). On the 

other hand, the papers from the Macintosh users were more 

creatively illustrated than were those from the IBM PC users 

with whom she had previously worked. 
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In the fall of 1988, she assigned instructors and 

teaching assistants to teach more than 25 sections of 

freshman composition. Of this group, five instructors were 

assigned to both Macintosh and IBM PC sections. Near the 

end of the semester and without previous alert, she decided 

to make inquiry of the five instructors to get their 

reactions about the two user groups. Her suspicions were 

confirmed by all five instructors; there was something 

different between the two user groups. 

Halio then decided to check a randomly selected group 

of essays from each of the two user groups against her 

perceptions. She used the WRITER'S WORKBENCH Text Analysis 

program {American Telephone and Telegraph Technologies) to 

analyze the selected essays. Thirty percent of the 

sentences written by Macintosh users were complex sentences. 

For IBM users the percent was 49.5. " Thirty-two percent of 

the verbs were "to be" verbs for Macintosh users, but only 

23 percent for IBM users. 

According to the Kincaid reading scale, Macintosh users 

scored slightly lower than the 8th grade (7.95) reading 

level with an average sentence length of 16.3 words. IBM 

users averaged just above the 12th grade (12.1) reading 

level with an average sentence length of 22.6 words. 

According to teachers, weak sentence writers use the 

subject for the sentence opener. Macintosh users used the 

subject for the sentence opener 80 percent of the time. 
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Lastly, the Macintosh users averaged 15 misspelled words per 

essay, while IBM PC users averaged four misspelled words per 

essay. 

Several questions come immediately to mind when 

considering the work of Halio (1990, January). Are the 

measured differences in the effect caused by the 

difference(s) in users or by the difference(s) in the user 

interface? That is, were the groups distinctly different 

before they interacted with the user interfaces? Were the 

groups initially the same, but differences in the interfaces 

caused the differences which resulted? Were the groups the 

same, but differences in the systems with which they inter-

acted caused the measured differences in outcome? Could it 

have been the combination of the user interface with the 

rest of the system which caused the measured differences? 

For that matter, maybe the laboratories where the computers 

were located had a different decor and lower ability 

students were more strongly attracted by one type of decor 

than another. Following the original publication by Halio 

(1990, January) of "Does the Computer Maim the Message?" she 

began to see more fully how involved the decision was 

concerning the user interface selection. 

Among the many possible factors influencing the 

decision of using one interface over another are the 

following: sex of user, age of user, previous experience 

with computers, length of time during which a given software 
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package has been used by the user, syntax, video display, 

speed with which the computer and the software responded to 

the user, location of the computer, peer pressure, 

gimmickry, spoken language of the user, user intelligence, 

clock speed of the computer, lateral dominance, and, likely, 

several others. Many of the factors listed here are 

referred to as human factors. 

With reference to her specialty, composition, Halio 

(1990, January) calls attention to the possible value or 

values of one interface over another. There was 

considerable reaction, both positively and negatively, to 

the publication of Halio's findings (Batson, et al., 1990; 

Halio, 1990, August; and Youra, 1990). 

As constructive criticism of Halio's work, Kaplin and 

Moulthrop {Kaplan & Moulthrop, 1990) stated the following 

within the context of research conducted for understanding 

student writing. Our "understanding [of] student writing is 

incomplete." Kaplan and Moulthrop cite an example, " . . . 

we know very little about the effects on writers of gender, 

socioeconomic status, prior education, or other cultural 

factors" (p. 91). This is likely true of user interface 

selection as well. 

At one time, photographers used the term "noise" to 

refer to elements in a picture which detracted from the 

message of the picture in such a way that some of the 

message was lost to the viewer. Perhaps "noise" is the 
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cause of the measured differences between the two groups. 

Baecker and Buxton (1987), writing in Readings in 

Human--computer Interaction: A Multidisciplinarv Approach, 

put it this way: 

Given that resources are limited, sometimes a critical 
resource cannot be allocated. This may occur when 
performing a' single task with a particularly high 
cognitive load. More often, it occurs when 
simultaneous demands are being made on the same 
resource by two or more different tasks. An everyday 
example of this is the experience of a parent listening 
to two children who are talking at once. 

There are some situations, however, in which we 
can do more than one thing at a time, when there are 
enough resources to go around. Listening to a radio 
program while driving would be one example. But what 
happens in an extreme case, such as when the car goes 
into a skid? It is very likely that the driver will 
stop listening to the radio, and concentrate on getting 
the vehicle back under control. Full attention will be 
fiocussed on the driving task, and no surplus resources 
will be available to concentrate on the radio, no 
matter how interesting the program may be. (p. 2 09) 

It seems possible that interference, or noise, is at work at 

the cognitive level for students of composition. 

On the other hand, Nelson (1990) boils it down to two 

possibilities. 

You must go one of two ways with this: Dr. Halio is 
interested in pursuing further study to determine 
exactly how, since all the subjects began the course 
writing at essentially the same level, using the Mac 
might have actually arrested the writing development of 
the students who used it - and that phraseology is 
hers, not mine. Reject that outright? Then you must 
believe that those with less ability or desire to 
ultimately progress somehow knew who they were and for 
some unknown reason, preselected themselves as Mac 
users, (pp. 48, 50) 

When users of GUI are asked why they use this interface 

rather than CUI, they frequently state that it is because 
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the GUI is easier to use. Perhaps "easier" (or "harder") is 

the reason for the differences which Halio observed (1990, 

January). 

In the description of their research with direct 

manipulation and the command line environment, Morgan, 

Morris and Gibbs (1991), point out the fact that there has 

been research on different aspects of the type of 

environment. Some work was done with robots and the command 

line environment (also known as command line interface--

CLI), use of keyword styles, and organization of menu items, 

but they cite the fact that by "comparison the field has 

expended very little effort in direct experimental 

comparison between systems that are functionally identical 

but which have different user interfaces." (p. 265) 

In their research along this line of thinking, Morgan, 

et al. (1991), used a database application which could be 

used by either of two interfaces. They used the WIMP 

(Windows Icons Mice and Pull down menus) and the command 

line interfaces to measure user performance and preference. 

Every effort was made to match the functionality and error 

opportunity of these two interfaces. 

Their findings are summarized as follows: Inexperi-

enced users tended to find the WIMP interface to be faster, 

more error free, and easier to use then the CLI (command 

line interface). The types of errors made by the users of 

the two different interfaces tended to be different. 
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These researchers found, and significantly so 

(P << 0.01), that the preferred interface of the two 

interfaces available was the last interface with which the 

user had gained experience. More research is needed to 

determine if these differences carry over to mature computer 

users. 

Another major piece of research on user interface 

benefits was conducted by Temple, Barker and Sloane, Inc. 

(TBS) (1990) . Microsoft and Zenith Data Systems wanted to 

establish the benefits of GUI so they contracted TBS, who 

reported their findings in 1990. It was the observation of 

Microsoft and Zenith that GUI had seemed to be growing in 

popularity over the past several years. They wished to have 

the GUI evaluated against the GUI and to have the benefits 

of the GUI specifically stated. They chose to rigorously 

verify the benefits of GUI coupled with two other constants 

--a common user access (platform) and a white-collar 

environment. This leaves open the question of which element 

caused the effect produced. That is, any benefits (or 

disadvantages) which occurred may have been due to the GUI 

or to the use of a common platform. It is even possible 

that the benefits (or advantages) may have been due to the 

combination of these two variables. 

TBS conducted their research to explore speed of 

performance, quality of work, productivity, frustration, 

fatigue, ability to self-teach, and number of capabilities 
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achieved. Subjects were placed in one of four groups-

novice GUI users, novice CUI users, experienced GUI users 

and experienced CUI users. They found statistically 

significant differences favoring novice GUI users in speed 

of performance and lower frustration level. For experienced 

GUI users, they found statistically significant differences 

in speed of performance, quality of work, productivity and 

lower fatigue in favor of GUI. In the 13 areas where they 

performed statistical analysis, they found significant 

differences between GUI and CUI, favoring GUI in 6 of the 13 

areas and moderate advantages in GUI over CUI in another 6 

of the areas. There was no advantage of GUI over CUI in one 

area only. This was the area of ability to self-teach and 

explore. 

TBS conducted their research with novices on Mac-

intoshes with GUI and on IBM PCs with CUI. They found a 

significant difference between the two interfaces in the 

categories of working faster and lower frustration in favor 

of GUI. For the experienced users, GUI was done on both 

Macintoshes and IBM compatible PCs using Windows. Although 

the interfaces were the same, the software was different. 

Since there is no widely accepted framework for making 

measurements of the value of microcomputers, TBS operated 

under the value-added model which they had developed. 

According^to the TBS model (Temple, et al., 1990), use of a 

user interface for a computer can be divided into four 
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stages. These stages are data entry, information 

manipulation, information analysis, and decision making. 

Using the TBS model, every attempt was made to test their 

hypothesis in the first two stages where it was easiest to 

quantify results. They contended that any value realized 

here would, of course, translate into value which would be 

added to the later stages. They also recognized that it is 

difficult to quantify information analysis and decision 

making. 

The research done by TBS would seem to support a 

"navigation" theory by which the user develops an 

understanding of the computing metaphors of GUI, which would 

greatly enhance the comfort and competency level for the GUI 

users and thereby decrease the time required to efficiently 

use the applications software. The GUI is constant across 

applications for the Macintosh. Once a novice has an 

understanding of this interface in one application, they are 

ready to quickly move about--navigate--through other 

applications. On the other hand, the CUI is often quite 

different from one application to the next; consequently, 

each new software application program is like a new 

experience. 

The common user platform included WYSIWYG ("what-you-

see-is-what-you-get") so that there was immediate feedback 

to the user. If word processing is the tool being used, 

when the user indicates that words are to be in bold, they 
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will appear on the screen in bold. The users would be using 

a "point-and-click" method where the user points to an 

object on the screen with a mouse and acts on the object by 

clicking the mouse. All the applications would use a common 

command structure. 

TBS designed their measurements so as to avoid less 

quantifiable benefits of improvement in communication and 

decision making. (The reader is reminded that the 

differences reported by Halio in 1990 were manifested at the 

communications level.) TBS decided to make measurements 

"involving the first two value-added stages" in a sequence 

of data entry, information manipulation, information analy-

sis and decision making. 

As mentioned earlier, TBS decided to conduct two 

clinical tests--one for novices and one for experienced 

users. In these tests, they would be able to measure a 

variety of GUI benefits. The novice program was to be two 

days of training, a week apart. During the sessions, there 

would be frequent assessment by survey of levels of 

"interest, motivation, confidence, frustration and fatigue." 

This would give quantitative measurements of how the user 

interface had affected users. 

Seven exercises, varying in length and degree of 

difficulty and designed with the intent of measuring user 

productivity, would be used with experienced users. The 

exercises would involve word processing tasks and 
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spreadsheet tasks, as well as tasks consisting of a mix of 

the other two applications. The experienced users would be 

allowed to use "help" features, but would be given no 

instruction, documentation, or software aids. 

Every attempt was made to control or hold all other 

variables constant as much as possible. Differences were 

minimized in the following: 

1. Hardware and operating system differences 

2. Personal computer experience on the part of 

participants 

3. Application software 

4. Documentation and curricula 

5. Instruction 

The experimental model required measurements to be 

quantified as much as possible. 

With the experienced users group, TBS used a mix of 

Macintoshes and IBM-compatibles running Windows with a GUI 

environment. By using analysis of variance, TBS was able to 

determine that there was no significant difference in 

performance of experienced users between the two different 

GUI implementations. 

From their clinical research, TBS identified seven 

quantifiable benefits of GUI for individual users of 

personal computer systems. Working faster was defined in 

terms of completion of more tasks in a given time. Discrete 

exercises of increasing difficulty were used with acceptance 
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of a completed task whether correct or incorrect. TBS 

concluded that there was strong support to indicate that GUI 

users worked faster than GUI users; however, their report 

gave no level of significance nor did they claim that the 

two performances were significantly different. 

When "work better" was tested, TBS found differences 

between GUI and CUI users. The only grouping which showed a 

significant difference between CUI and GUI was the 

experienced-users group in the category of all exercises, 

where GUI users correctly completed 91 percent of all tasks 

and CUI users correctly completed only 74 percent of all 

exerci ses. 

The product of work faster and work better gives a 

measure of useful output per work-hour, or productivity. 

Here, there is a significant difference between GUI and CUI 

users for two categories: all exercises and mixed 

exercises. 

In terms of frustration, on a scale of least (1) to 

most (10), CUI users were more frustrated than was expected 

and more frustrated than GUI users. GUI users were less 

frustrated than expected. 

When TBS measured relative fatigue on a scale of 

extremely (1) energetic to completely drained (10), they 

found a significant difference between experienced GUI users 

and experienced CUI users, with CUI users experiencing 

greater fatigue. 
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TBS made measurements of the ability to self-teach and 

explore. This capacity was equated with confidence. On a 

scale of low confidence (1) to high confidence (10), there 

was a significant difference between expectations of confi-

dence for novice users. 

TBS {Temple et al., 1990) concluded, in part, as 

follows: 

The seven research findings provide rigorous data 

supporting three powerful conclusions about the 

benefits of GUI: 

1. Higher output per work-hour. GUI users accomplish 
a wide range of office tasks more quickly and 
accurately than CUI users, leading to higher 
productivity. 

2. Higher output per employee. GUI users experience 
less fatigue and frustration than CUI users, 
enabling them to work longer at a given level of 
effort. 

3. Greater return on information technology 
investment. GUI users learn to do more with PCs 
(personal computers) with less formal and informal 
training and support than CUI users. This allows 
them to learn to use PCs at a lower cost to the 
corporation, and to use them for more tasks. 
Other things being equal, this should improve the 
return on investment in microcomputer hardware, 
software and training. (Temple et al., 1990, pp. 
17) 

According to TBS, literature and opinion prior to their 

research supported the preference by most users for GUI over 

CUI and the fact that experts believed GUI to be more easily 

understood than CUI by most people. Their conclusion was 

that their findings supported the earlier literature and 

opinion. 
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One factor which seems to stand out from this work is 

the importance of a common platform. There is much which 

can be said about a common platform. The Macintosh 

computers and software operate with very heavy dependence on 

a common platform and a GUI. Software designed for one 

application looks very much like the software designed for a 

different application. When a user undertakes the task of 

learning to use a new piece of software, the user does so 

with some degree of comfort not realized otherwise 

(Nicholls, 1990) . 

The most heavily used application of interactive 

computing systems is in text editing or word processing. 

The number of different text editors in use today likely 

numbers in the hundreds. Roberts and Moran (Baecker & 

Buxton, 1987) have made the observation that system 

programmers continually accept the challenge to make a 

better text editor than the last one--a better one than the 

current most popular one. 

In spite of this challenging endeavor, Roberts and 

Moran observed that relatively little objective information 

is known about the different kinds of schemes which they 

employ. They went on to state that the studies to obtain 

such information are hindered by intertwining issues which 

surround the usage of text editors. In recognition of this 

situation, they set about to establish a methodology by 

which to examine text editors. This meant developing a 
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standard for comparison, a scoring method, rating criteria, 

types of activities to be rated, and any other factors . 

fundamental to text editing. Very little detail of their 

research will be presented here, except to point out that in 

their evaluation process some of the editors were mouse 

operated while the rest were key operated. They provided 

scores in four categories for the nine text editors included 

in their studies. These categories were time, learning, 

error, and functionality. Without concern for the units of 

measure or how they were obtained, other than to say that in 

a given category the same units of measure were used and 

they were obtained by the same means for each editor being 

tested, but examining only the magnitude of the numbers, the 

results, as indicated in Table 1, are observed. 

Table 1 

Summary of Findings on Text Editor Evaluation by Roberts and 

Moran (Baecker & Buxton, 1987) 

input time learning error functionality 

keys 38.5-38.67 9.8-10.4 11.5-13.5 45.0 

mouse 33.5-34.0 7.4- 8.0 14.0-16.5 76.3 

Note. For time and learning, the smaller the measurement 
the more desirable is the performance. For error and 
functionality, the larger the measurement, the more 
desirable is the performance. 
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These measurements are important, not because of any 

statistical significance they might have, but because of the 

additional research which they suggest is needed. In each 

category, the editor which used a mouse shows better scores 

than the editor which used keys. The numbers suggest that 

there may very well be a difference in performance between 

the input devices researched. These measurements may be as 

much the result of the user's preference of input device as 

they are measurements of overall text editor design. In 

fact, the authors suggest that "the results of these 

evaluations provide the beginnings of a database of 

empirical results giving us the behavioral data on user 

performance, as well as the basis for comparing editors" 

(Baecker & Buxton, 1987, p. 254) . 

In the early days of the microcomputer, there was 

considerable frustration on the part of users who started 

using one microcomputer and then changed to a different one. 

Much of the frustration was due to the difference in the way 

the computers appeared to do things. The computers used 

different operating systems and the operating systems used 

different commands. Even some of the keys had different 

names. The enter key was called the "return" key in one 

environment and the "enter" key in another and "carriage 

return" in still another. Users, especially beginners, 

asked "Why can't they do things the same?" With time, the 

differences begin to be diminished. Instead of a different 
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operating system for each different computer, several 

computers used the same operating system. This was hailed 

by many as a big step in the right direction; but in the 

eyes of many, too many differences still remained. Why must 

the user get used to starting one way when they used a word 

processor, but a different way when they used a data base or 

an electronic spreadsheet? And if one electronic spread-

sheet started out a certain way, why did not other electron-

ic spreadsheets start out the same way? Some software 

developers, in an effort to provide a similar starting 

place, apparently made things too similar--to the extent 

that they were taken to court and in some cases lost their 

legal battles. One of the losers was the manufacturer of 

the Franklin Computer (Rose, 1989). 

Part of the reason for different software having a 

different look and feel came from the fact that a variety of 

people were producing software and giving their software 

their own unique look. Each implementation was providing 

the user with a different platform. Any user who has spent 

time learning to use software for an Apple (Apple Computer 

Corporation) computer knows that the software, though 

different one piece from another, always had a certain 

common denominator--a common platform. The various pieces 

of software all had the same kind of feel to the user. Is 

this an advantage? Does this contribute to certain 
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computers and certain software being considered as the best 

or the easiest to use? 

The computer environment with its common platform will 

likely include a particular type of interface which has been 

designed into it. In some cases, the term "computer user 

interface" includes the common platform and input and output 

devices. Sometimes all of these things together are called 

the user interface. 

Common platforms include the already mentioned Mac-

intosh platform. OS/2, by IBM, is another example, as is 

Deskmate, by Tandy Corp. Windows 3.x, by Microsoft, Inc., 

and several others, would probably fall into this 

description as well. In some cases, probably most, the 

platform is an integral part of the operating system. This 

is the case with OS/2, for instance. 

Although the idea of a common platform is driven by an 

intent: to reduce the number of variables a user encounters 

when the user goes from one application to another, it must 

be pointed out that, for the most part, the common platforms 

are not the same (Miastkowski, 1990). There exists, 

however, an attempt to reduce common platforms to a common 

denominator. This is the intended purpose behind the X 

Window System by Unix (Moore, 199 0). Unix is an operating 

system designed by AT&T Bell Laboratories (American 

Telephone & Telegraph). 
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In some cases, convictions about the benefits of a 

common platform are so strong that software tools have been 

and are being developed by which common platforms can be 

implemented. This would include such tools as MacApp by 

Apple Computer Corporation and Garnet (Meyers, 1990), which 

is being developed at Carnegie Mellon University. 

When one of these environments uses a graphical input 

method, as opposed to a character input mode, is it possible 

that the common environment approach is what produces the 

effect of best and easiest; rather than the input mode, 

which is sometimes given credit for this feat? 

Icons may be an important part of a common platform. 

It has been held by many that icons are better than symbols 

and word commands. Baecker and Buxton (Baecker, 1987) 

question this notion and observe that there is little 

experimental evidence to document this claim. Jervell and 

Olsen (cited in Holcomb & Wendelken, 1990) also question the 

role and value of icons and intimate that icons may mislead 

users into believing that a software package is easy to use. 

In the research on icons, Arend, Muthig, and Wandmacher 

(cited in Holcomb & Wendelken, 1990) found that abstract 

icons were superior to representational icons with regard to 

speed of the search process, and that length of time of the 

search was not dependent on menu size. On the other hand, 

representative icons had an advantage over word sets only 

when menu options exceeded ten and some of the icons 
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contained features which were applied throughout the 

software. 

In describing the evaluation of five different GUIs in 

the laboratory of Usability Sciences Corporation in Irving, 

Texas, Reed (1991) makes the following observation relative 

to Macintosh's System 7 GUI: "Like the other GUIs, System 7 

relies on pull-down menus and icons that are supposed to be 

self-explanatory. But one user's understanding is another's 

cause for confusion" (p. 165). 

In their research, Hollan, Hutchins, McCandless, Rosen-

stein, and Weitzman (cited in Holcomb & Wendelken, 1990) 

found that the manner in which an interface helps with the 

user's cognitive activity is not guaranteed by virtue of the 

use of pointing devices and graphical displays. 

Another factor which enters the picture when 

considering the possible benefits of GUI over CUI or CUI 

over GUI is the syntax which is used. Some software 

developers hold that in the English language, an imperative 

statement is most often in the sequence of an action 

followed by an object, which implies that English speaking 

people categorize things by action. There are others who 

hold that the most logical way of calling for action on the 

part of the computer user is to make command statements in 

the sequence of object followed by action. Examine the 

index of a good book. You will find that it is a 

categorization mostly of objects. This would tend to imply 
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that English speaking people categorize things by object. 

Cherry {cited in Irby, 1988) made measurements of user 

performance activity using the action/object and the 

object/action command language, and found no significant 

differences in user performance between the two. 

Irby (1988) conducted research of a similar nature and 

found that there was no significant difference in the number 

of commands used between the action/object group and the 

object/action group. The action/object group took longer to 

enter actions than did their counterpart, but when it came 

to entering the object, the object/action group took longer 

than the action/object group, so when the total time to get 

actions and objects together was considered, there was not a 

significant difference between the two groups. 

In terms of valid actions taken, the object/action 

group did so with a significantly higher frequency than did 

the action/object group. The research showed that valid 

objects were easier to specify than valid actions. 

Finally, when the users completed a command sequence, 

they were asked to rate the result obtained as a consequence 

of the command chosen. Object/action command syntax users 

rated the outcome as being what they wanted significantly 

more often than did the action/object command syntax users. 

The results of this research seem to indicate that more 

research needs to be done in establishing the role of this 
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kind of syntax in making one software package or environment 

better than another. 

Although not the same as object/action or action/object 

syntax, object-oriented programming is another player in the 

CUI versus GUI arena. According to Essex (1989), object-

oriented programming (OOP) is not a language, but "a set of 

ideas about how to structure the data and operations in a 

program" (p. 17). In the past, the emphasis in programming 

has tended to be upon functions and procedures. The OOP 

concept allows for functions, procedures, and the data upon 

which they operate to be "grouped together in objects that 

send messages to each other" (p. 17). This tends to build 

common platforms, since these objects can be used in 

software in addition to that for which it was originally 

designed (Cox, 1990). 

With this emphasis on programming, it should not be 

surprising that the outward manifestation of this emphasis 

to the user is also one of objects. The OOP may provide for 

drawing a frog, writing about the frog, storing the drawing 

and text, and linking this object to other objects. To the 

user, this object may well be represented by the picture of 

a frog in a box on the screen which can be acted upon by 

placing the cursor on the frog (the graphic) and clicking 

the ma>use (the device) . Probably the most obvious example 

of OOP's affecting the user is Apple Computer Inc.'s 

HyperCard for the Macintosh. An example on the IBM side is 
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HvperPAD (Knorr, 1990) . Applying OOP in this way provides 

adults and rather young users with the capability of 

building index card objects complete with picture, text, and 

linkage to other index cards. 

This brings us full circle to the question of what is 

the better way to conceptualize things and carry out 

actions? Is the CUI, which in the past has been mostly 

associated with commands, or is GUI, which is most closely 

associated with objects, the better way to use the computer? 

In 1988, Schueler, because of a keen interest in human 

factors, founded Usability Sciences Corporation of Irving, 

Texas (Reed, 1991). The laboratory exists to test the 

usability of software. Among the tests made by Usability 

Sciences Corporation has been lab testing "to find out -

once and for all - which graphical interface is easiest to 

use" (p. 157). Although their tests were not done to 

determine which was better, GUI or CUI, they made some 

observations which seem, nevertheless, to be applicable to 

that topic. 

According to Reed (1991), vendors of software are 

coming more and more to believe that the issue of which GUI 

interface is better, is resolved by usability testing. 

Usability Sciences Corporation used ten subjects, five of 

whom were experienced with one or more of the GUIs being 

tested and five who were users in the DOS (disk operating 

system) environment. This would imply that they were most 
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familiar with CUI, which was at one time characteristic of 

DOS users. All ten subjects were experienced computer 

users. Each of the ten was given ten timed tasks to be 

performed on each of the GUIs being tested. The tasks were 

common computer tasks, but not all of them are used with the 

same frequency. For example, printing a document was one of 

the topics; defining a printer was another. Printing a 

document would seem to be the task more frequently done of 

these two tasks in the usual computer environment. 

Not all of the tasks were possible with each of the 

GUIs being tested. As each user sat in the office and 

proceeded through the tasks, he or she was videotaped and 

observed at the same time that another observer at a 

different computer also logged the user's actions. From the 

videotape, the observations, and the logging of the sub-

ject's actions by computer, the researchers were able to 

determine a rating of each GUI for each user. 

Among other things, researchers found that overall, 

Windows by Microsoft, Inc. was rated the best GUI. This 

seems to suggest that there is something about Windows which 

acts as a common denominator between GUI and CUI. It was 

found that GUI users were better at using GUIs than were DOS 

users,, with DOS users taking about 50 percent longer to 

complete tasks than their counterparts required. There was 

considerably less satisfaction with GUIs on the part of DOS 

users than for GUI users. According to Reed (1991), "It is 
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not the big things that drive users crazy. . . . They (DOS 

users) don't mind not working with a mouse. They don't 

necessarily want icons, especially any that have to be 

interpreted. Users accustomed to GUIs are only slightly 

more forgiving" (p. 159). In the words of Schueler, after 

interviewing each of the users on camera, "Nothing is 

intuitive" (Reed, 1991, p. 159). 

Earlier, mention was made of the possible benefits of a 

common platform. Further consideration of this issue is now 

in order. While a common platform for a given user 

interface would appear to give that interface an advantage, 

it would also appear to be true that at some point, time 

lost in having to move the hands from keyboard to mouse and 

back to keyboard for a given application might result in a 

loss of speed over an application where the hands stayed in 

place at the keyboard. On the other hand, activities such 

as drawing and movement of the cursor over large distances 

would seem to give an advantage to a GUI. 

In commenting on this topic, Thimbleby (1990) calls 

attention to Fitt's Law, according to which "the time to 

move your hand depends logarithmically on the ratio of the 

target size to the distance you have to move to hit the 

target" (p. 199). He goes on to say that there may be cases 

where the user knows in what direction and how far the 

cursor needs to be moved (for example, one position down and 

two left), an action for which cursor keys provide a faster 
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and more accurate means of doing so. In those cases where a 

mouse is a good thing, then figure out how to do those 

things to the maximum with the mouse; "nevertheless there 

may be far better ways of designing the user interface that 

do not use a mouse" (p. 199). 

Other related research includes that conducted by Card, 

English, and Burr (Baecker & Buxton, 1987) by which they 

wished to establish the characteristics for mouse, joystick, 

step keys, and text keys when used for text selection. 

Their findings show that using the mouse results in the 

better learning curve. That is, when the user has to move 

the cursor to a variety of different positions on the CRT, 

the user learns more quickly how to navigate the CRT when 

the mouse is used as compared to the use of the other 

pointing devices. 

The research by Card, et al. (Baecker & Buxton, 1987) 

also shows that the cursor is more quickly moved about the 

screen by the mouse than is the case for the other methods. 

In other words, navigating the screen is done more quickly 

with the mouse than with the other pointing devices. If a 

user is using a software package which requires moving the 

cursor to a command line and then selecting the command by 

placing the cursor on the command, it can more quickly be 

done by using the mouse than by using cursor control keys. 

Of course, the use of an alphanumeric key sequence to 
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accomplish this task, rather than using cursor keys, would 

be a different matter. 

Attention is again directed to the work of Halio (1990, 

January). Does the GUI interface in fact accomplish the 

things mentioned earlier in the research of TBS (Temple, 

1990), but with less quality or with more quality, with less 

creativity on the part of the user or more creativity on the 

part of the user, with less interest on the part of the user 

or more interest on the part of the user, or with less 

enjoyment on the part of the user or more enjoyment on the 

part of the user? 

Daiute, in Writing and Computers (1985), discusses the 

fact that people write (compose and write) differently when 

they cire using a computer than when they are using a pencil. 

Dauite calls this "talky writing." The description is of a 

type of writing which is more like -a description of fun or 

entertainment than a description of serious writing. 

Interestingly enough, in the laboratories used by Halio's 

students (Halio, 1990, January), the printers have names 

like "Happy, Doc, Dopey, Grumpy, and Bashful." According to 

this, the GUI tends to promote enjoyment, fun, creativity, 

or pleasure. 

Daiute (1985) also uses the term "graphic writing." 

This is where some of the tasks of writing get reduced to 

graphic tasks by the user. The graphics tend to call less 
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attention to the correctness and simplicity of what is written 

Daiute (1985) raises the question about the effect 

produced by the tool itself. Variations in writing 

instruments (tools) may appeal differently to users with 

different levels of sophistication or maturity. It is 

possible that this may account for some of the differences 

in performance between the GUI users and the GUI users. 

As a final observation by Daiute (1985), the reader's 

attention is directed toward the visualization of what is 

representative of a command (GUI) and the character 

composition of the command (CUI). It would seem somewhat 

obvious that the opportunity for error in choosing a command 

is far greater in CUI than would be the case in GUI. In 

GUI, the user has the potential error of selecting the wrong 

command (icon), but in CUI, the user has two areas of error. 

The user may select the wrong command or the user may select 

the correct command, but spell it incorrectly. This, in 

turn, would call for reentry of the command. If it is true 

that success breeds success, it would be expected that GUI 

users would gain some benefit over CUI users when using 

software which calls for entry of commands on the part of 

the users. This advantage would appear to be nullified by 

software which assigns a character to a command for the CUI, 

so that the user merely presses the key for that character. 

In writing about GUI and CUI, Katz (1990) mentioned 

another topic which is often dealt with when one considers 
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GUI and CUI. This topic is hemisphericity (lateral 

dominance or right brain/left brain), and the following 

contribution was made: 

Mac people were West Coast - in style if not in fact. 
They were enlightened, hip, postmodern, right brained, 
well adjusted, and generally appreciative of art, 
aesthetics, and the interpersonal relationships that 
the simplicity of the Mac gave you time to enjoy. They 
drove foreign cars and collected things like old BMW 
2002s. (From the IBM-PC perspective, Mac people were 
less than serious, hippy-dippy, technically inept, 
gullible, Californianate, given to spending hours 
drawing pictures tantamount to high-tech finger 
paintings with their Mac-Paint programs, and in 
general, too stupid to master the techniques of real 
computer usage.) 

PC people, on the other hand, were East Coast, 
left brained, serious techies, hackers, elite power 
users, wealthy number crunchers, writers, and in 
general, more successful. (Greasy-haired nerds, elit-
ists, people enamored by mediocrity, women who don't 
shave their legs, men who don't use deodorant, and 
corporate clones, said the Mac-ers.) "PC people," an 
Apple executive once told me, "drive Buicks." But 
then, "Apple executives," a PC person said, "are people 
who grew up on Star Trek, attended est, and always 
wanted, more than anything else in life, to drive 
around in BMWs." (pp. 107-108) 

Katz has written this somewhat in jest, but the hemispheri-

city comes up so often that one can not help but wonder if, 

perhaps, there might be some hidden truth in these 

frequently repeated stereotypes. 

Since the mid-1970s, when Ornstein (1977) published a 

book on right and left hemispheric brain function, also 

called lateralization (Edwards, 1979), a sizable amount has 

been writ:ten on this topic. Some of this was oversimplified 

and some of it understated. What are some of the facts? 

The left sylvian fissure, when compared to the right sylvian 



48 

fissure, is significantly longer in most infants and humans 

(Harnad, 1977). The lower left planum temporale and the 

upper parietal operculum are also longer in the left brain 

than in the right. Harnad writes the following: 

It is tempting to relate these gross morphological 
differences that center around temporal cortical 
auditory regions to an inborn structural superiority of 
the left hemisphere for processing speech sounds and 
for the development of language. 

On the other hand, the smaller left angular gyrus 
goes against the theory that language dominance of the 
left hemisphere is based on its superiority to make 
cross-modal associations and that this superiority 
occurs by virtue of the greater development of the left 
angular gyrus. Because of the great interindividual 
and interhemispheric variability at microscopic as well 
as macroscopic levels the significance of gross 
morphological differences, is not yet clear. 

Those who have studied electrophysiological 
correlates of functional asymmetry by means of auditory 
evoked responses to verbal and nonverbal stimuli must 
now be aware of the great amount of interindividual and 
interhemispheric morphological variability in the very 
region where they have noted the greatest electrical 
asymmetries. (pp. 513-514) 

These areas of greatest difference in size seem to show the 

greatest difference in activity. There appears to be some 

uncertainty as to whether or not the two hemispheres are 

duplicates of one another in terms of functionality or if 

they are similar but with different specialties. The elec-

trical activity seems to suggest, that, if there is duplici-

ty of function, the left hemisphere must be involved with 

more of the common activities than the right or the left has 

some additional functions not found in the right. Perhaps 

the differences are not unlike the differences found in the 

XY chromosomes of humans. At any rate differences have been 
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proposed. Cook emphasizes that the lists frequently cited 

are proposals, "but few have survived as more than 

convenient shorthand half-truths!" (Cook, 1986, p. 19). 

These "half-truths" are listed here, since they do seem to 

give some sense to what the differences might involve. To 

the left hemisphere has been attributed the experimentally 

derived functions of sequential, analytic, linguistic, 

verbal, focal, local, linear, and mathematical. To the 

right has been ascribed the experimentally derived functions 

of parallel or simultaneous, synthetic, visuospatial, non-

verbal, diffuse, global, spatial, and geometric. 

To the left hemisphere has been attributed the philo-

sophically motivated functions of expressiye, propositional, 

symbolic, intellection, reason, discrete, active and logi-

cal, whereas the right has been accredited the philosoph-

ically motivated functions of perceptive, appositional, 

imaginative, emotion, affect, holistic, passive, and intu-

itive {Cook, 1986). 

Fadely and Hosier (1983), based on the work of others 

and their own work with children, refined the lists to those 

cited here. 

The left hemispheric functions: 

1. Recognition and control of speech. 

2. Reception, storage, and synthesis of verbal-
auditory data. 

3. Serialization of data and sequential organization 
of verbal information. 
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4. Comprehension and utilization of temporal (time) 
memory and behavior. 

5. Logical and rational behavior, i.e. doing something 
according to a language-based concept or learned 
verbal orientation. 

6. Socialized values, i.e. understanding and following 
the abstract social values of the culture. 

7. Social competition and behavior relating to 
evaluating self according to a social doctrine or 
religious value. 

8. Higher mathematical skills that involve 
formalization and time-space concepts, particularly 
in abstract form. 

9. Perception of self in relation to concepts of time 
and sequence of events. 

The right hemispheric functions: 

1. Recognition of nonverbal auditory information and 
minor comprehension of language. 

2. Recognition and manipulation of form and shapes, 
form-space relationships, behaviors of objects and 
people, and meaning in nonverbal information, i.e. 
the smile or threat face. 

3. Perceptual gestalt, seeing the whole of a thing, 
and awareness of the totality of a perceptual 
obj ect. 

4. Creative and artistic skills, producing images and 
altering sensory data into new forms - creativity. 

5. Recognition and synthesis of musical perception, 
rhythm and movement patterns in music. 

6. Integration and execution of gross and fine motor 
movements, i.e. the surgeon operating or the foot-
ball player passing the ball during the game. 

7. Intuitiveness and insight - Recognition of meaning 
within nonverbal behavior and activity about us -
appreciation of the flight of a bird or the purpose 
of mechanical functions. 

8. Concrete math functions, simple calculations. 
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9. Artistic abilities and appreciation. (pp 10-11) 

The right hemisphere seems to be related more closely to 

analog computer functions than to digital computer func-

tions, while the left seems to synthesize information into a 

somewhat digital form. The right hemisphere seems to manip-

ulate things more as a whole. At the risk of oversimplifi-

cation, Fadely and Hosier (1983) described the following: 

"When one reads, the right hemisphere recognizes and dis-

criminates visual form and space which is then digitized by 

the left hemisphere into sounds and eventually words" 

(p. 10). They quickly added that this is not the only way 

reading can take place; this observation is critical to the 

work of these two authors. 

In their work and in their writings, Fadely and Hosier 

pointed out that there were several ways by which learning, 

communicating, etc. could take place using the two hemis-

pheres. When a certain approach was used, a particular 

group of children appeared to be normal, while another group 

appeared to be abnormal. If, however, different methods 

were used, the groupings were different. Certainly some 

emotionally disturbed children are "emotionally disturbed" 

only by virtue of education's failure to identify and use 

"their" method of learning. 

What does all this have to do with GUI and GUI? In 

examination of the latter of Fadely and Hosier's lists, some 

of the factors seem to match the descriptions used by Katz 
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(1990). Some of the functions seem to be more closely GUI 

related while others seem to be more closely CUI related. 

Perhaps GUI appeals to the "method of learning" best suited 

to certain people while CUI appeals to the "method of learn-

ing" best suited for others. 

In regard to lateral dominance, it should be pointed 

out that the key-stroke method is digital, but the mouse 

method of input is both digital and analog in nature, with 

clicking of the mouse being digital (the mouse is either 

clicked or not clicked); the motion of the mouse is analog 

in terms of how it appears to the user (even though the 

computer converts the analog mouse signal to a series of 

digital activities "for the sake of the computer"). The 

mouse can be rolled to any one of a multitude of possible 

positions. The left hemisphere is somewhat digital in 

nature while the right hemisphere is more analog in nature. 

Levy (cited in Edwards, 1979) states, "The data indicate 

that the mute, minor hemisphere is specialized for Gestalt 

perception, being primarily a synthesist in dealing with 

information input. The speaking, major hemisphere, in 

contrast, seems to operate in a more logical, analytic, 

computer-like fashion. Its language is inadequate for the 

rapid complex syntheses achieved by the minor hemisphere" 

(p. 29). In a paper presented in 1977 by Bergquist, a 

mathematician and APL computer language specialist (cited in 

Edwards, 1979), it was stated that ". . .we can look for-
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ward to computers which combine digital and analog functions 

in one machine" (p. 35). The machine was given the name 

"The Bifurcated Computer." He went on to say, " . . . such a 

computer would function similarly to the two halves of the 

human brain" (p. 35). 

Perhaps someday, research will show that left-brained 

people prefer CUI and right-brained people prefer GUI, and 

that Katz's (1990) statement about right and left-brained 

people, said somewhat in jest, is more correct than it first 

appeared. 

When the preferential models are given a chance to 

operate, the users become distinguishable one from the other 

on the basis of the user interface which they prefer. It 

might even be possible to say that there would be improve-

ment on the part of each group with repetition of their 

preferential model. Users like Halio's student writers, who 

exhibited poor composition skills, may show considerable 

improvement, with time, to a point on a higher plateau than 

for either group by semester's end. By the same token, the 

other group may well improve in their ability to appropri-

ately use good (mature) graphics in their communication 

skills to a higher plateau than for either group by semes-

ter's end. 

While there is reason for criticizing the research 

design model of Kaplan and Moulthrop (1990) used by Halio, 

it must be argued, as Halio does, that "it certainly is 



54 

'descriptive' research" (Halio, 1990, August, p. 106). As 

descriptive research, the issues which it reveals are cer-

tainly issues which must be addressed and resolved, espe-

cially in light of this area of technological application. 

Pertinent Opinion 

"Despite what the folks who make them would have you 

believe, graphical user interfaces aren't naturally easy to 

grasp--no matter how simple the interface, some learning is 

required to accomplish any task on a computer" (Reed, 1991, 

p. 158) . 

The graphical user interface is a very complex mecha-

nism. In speaking of GUI designs, the developers of GARNET, 

a highly interactive user interface developed at Carnegie 

Mellon University, have stated that "User interface software 

is difficult and expensive to implement. Highly interactive 

interfaces are among the hardest to create, since they must 

handle at least two asynchronous input devices (such as a 

mouse and keyboard), real-time feedback, multiple windows, 

and elaborate, dynamic graphics" (Myers et al., 1990, 

p. 71). Just as they are difficult to develop, they are 

also hard to analyze. In attempting to analyze the advan-

tages and disadvantages of the GUI, it is necessary to break 

the use of this interface into its basic components. Nor-

man, in "Design Principles for Human Computer Interfaces," 

(Baecker, 1987) contended that a major principle in the 
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analysis of human-computer interaction is that "it is essen-

tial to analyze separately the different aspects of human-

computer interaction" (p. 501). He went on to state that 

tools must be developed by which it is possible to determine 

the purpose for which a system is to be used and then deter-

mine how best to accomplish the specified goal. 

Summary of the State of the Art 

The GUI has become a very popular user interface. The 

TBS researchers hold that there is "anecdotal, subjective 

evidence of user satisfaction with and enthusiasm for GUI 

[which] has been growing for much of" the past several 

years (Temple, 1990, p. 1). TBS holds that there is a 

consensus developing in the business and information systems 

press the notion that GUI will become the dominant user 

interface in those fields and that this dominance will 

likely spread to other computing environments. Whether or 

not this will be true remains to be seen. 

There is definitely a move underway to provide a common 

user interface from one computer application to another. 

The GUI now appears on computers once dominated by CUI. The 

initial cost for the GUI environment continues to be greater 

than for the CUI environment. It is probably a safe state-

ment to claim that many of the major kinds of computer 

software applications can be found that are supported by 

whichever environment the user may prefer. 



CHAPTER III 

METHOD 

Description of Subjects 

Subjects for this study were 68 first-year university 

students enrolled in a computer applications course in which 

the software used was Microsoft Works for IBM personal 

computers and IBM compatibles by Microsoft Corporation, 

copyright 1987-1989. The proposal for this study estimated 

that it would involve about 75 students, but this number was 

reduced because some students did not complete all parts of 

the study. The students were enrolled in approximately 

equal numbers in each of three sections, all of which were 

taught by the same instructor. It was important that the 

research be done with subjects who have not had so much 

experience as to be already highly opinionated about which 

is the "better" input device--keyboard or mouse. 

Research Design and Procedures 

A pretest-posttest design was used. Data on user 

preference of input device—keyboard or mouse—for menu item 

selection, collected while students did the first assign-

ment, served as the pretest; that is, while the students 

were doing the first assignment at the computer, a program 

which records the method of menu item selection was running 

56 
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concurrently with Microsoft Works. The rate of keyboard use 

to mouse use during this pretest was treated as a measure of 

input device preference for a beginning computer user (less 

than €̂ ight months of computer experience) . The larger this 

ratio, the higher the keyboard input device preference; the 

smaller this ratio, the higher the mouse input device pref-

erences . 

Data collected while students did the last graded as-

signment of the word processing unit, which was given four 

weeks after the first graded assignment, served as the post-

test of user preference of input device--keyboard or mouse--

for menu item selection. While the students were doing this 

assignment at the computer, the tracking software was re-

cording each user's activity, on the basis of which user 

preference was determined. 

Instruction in computer application, coupled with prac-

tice between tests, was the treatment applied to the popula-

tion being tested. 

For related samples, the t-test was used to determine 

significant differences between means. Since the data are 

proportions, an arcsine transformation, arcsin square root 

of X, was used. The 0.05 level of significance was used to 

determine whether to reject or accept the null hypothesis 

that there was no difference between means (Ferguson, 1981). 

The data collected about the device used for menu 

selection for this analysis was recorded by tracking soft-
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ware in an assigned file on the computer network which the' 

students were using for the computer application class. 

The manner in which a computer operates is such that a 

given set of instructions always produces the same results 

when it is repeatedly given the same input. Even with 

mistakes in the program, the computer still gives the same 

answer each time it is executed, albeit, the same wrong 

answer. Given this condition, it can be claimed that the 

two programs used to track and decipher the data for this 

study can be regarded as very reliable. Repeated analyses 

of a given subject's work always produced the same report of 

menu selection by mouse clicking and key strokes. 

A test was conducted in which a block of a student's 

work was deciphered ten times by the deciphering software. 

The ten reports were visually compared and determined to be 

identical. No random error was found to be present. 

The validity of the two programs was quite another 

matter. To establish the validity of the software, repeated 

comparisons were made between what took place and what the 

software report indicated took place, to insure that what 

took place was what was proported to have taken place. This 

process was quite straightforward for the tracking software. 

The tracking software was taken from software used in trou-

ble shooting software and hardware problems. The tracking 

software is built upon computer interrupts, routines, and 

buffers which are part of the computer's DOS (Disk Operating 
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System) and The BIOS (Basic Input/Output System) of the 

computer (Somerson, 1988). The tracking software was tested 

several times between August, 1992 and February, 1993 in 

order to insure that it was valid, according to R. H. Smith, 

the technical support person for this research (personal 

communication, April 17, 1993). He tested it several times 

by carrying out a known sequence of keyboard and mouse 

activity and visually verifying that the software identified 

that same sequence of activity. 

The deciphering program was much more complex, but the 

same technique of measurement and verification was used. 

When the subjects used the application software, it was 

possible for them to do a given process with a multitude of 

different sequences, with a mixture of both key strokes and 

mouse clicks. To claim that every possible combination was 

tested to make sure that it was correct would certainly not 

be valid; nevertheless, care was taken to incorporate checks 

and balances into the software. Eight bytes of information 

were recorded for each stroke or mouse click. The sum of 

mouse clicks plus key strokes multiplied by eight had to be 

equal to the size of the block which was tracked. This was 

always verified by visual inspection. The sum of the number 

of special key calls in the character mode plus the sum of 

the special key calls in the main menu mode had to be equal 

to the total of times this particular key was used. This 

was also verified by visual inspection. For example, the 
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computer might report that the return key was pressed two 

times in the menu mode and four times in the text mode. 

This number was equal to the number of times the return key 

was used, as reported by the deciphering program. 

Lastly, every effort was made to make sure that the 

number and identity of the main menu calls, as detected by 

the software, matched the number and identity of the same 

items used in the test case. In a sequence of more than 40 

test cases, involving more than 400 menu selections, there 

were seven incorrectly identified menu calls. Five of these 

were appropriately identified in terms of mouse or key 

calls, but not the correct mouse or key call. Two calls 

were identified as menu call, when in reality they were key 

stroke actions in the text mode rather than menu actions. 

This last method of verification visually verified the 

correctness of both the tracking program and the deciphering 

program. 

It was on the basis of what has been presented here 

that the tracking and deciphering programs were determined 

to be valid. 

Care was taken to avoid prejudicing student user action 

by giving them specific details of what was being analyzed. 

The second piece of software, developed by the researcher, 

was used to analyze each user's activity and to establish 

the user preference rates. 
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The trace file, which was prepared on the computer used 

by the student, was analyzed by computer and yielded data 

like that indicated in Table A-l. The data for all the stu-

dents were combined to produce the summary tables {see 

Tables A-2 and A-3). Table A-4 indicates the comparison 

between the number of keystrokes and the number of mouse 

clicks required in order to accomplish selecting specific 

menu selections. 

Prior to the assigning of the first graded assignment 

of the word processing unit, students were briefed, com-

pleted Form 1 of the survey (see Appendix B, Form 1), and 

were each assigned a computer account number to use in 

conjunction with the last five digits of their social secu-

rity numbers. The reliability and content validity of the 

survey instrument is given later in this chapter. 

Prior to the assigning of the last graded assignment of 

the word processing unit, students were briefed, and were 

each again assigned their computer account number to use in 

conjuction with the last five digits of their social securi-

ty numbers. Upon completion of the assignment, the students 

were asked to complete an exit survey sheet (see Appendix B, 

Form 2). 

Some of the staff in the Texas Center for Educational 

Technology and in the Department of Computer Education and 

Cognitive Systems were used to determine the content validi-

ty of the survey. Two administrations of the survey, sepa-
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rated by seven days, were used to collect data by which to 

determine the reliability of the survey. The subjects for 

this administration were students in a computer application 

class (CECS 1100) in the Department of Computer Education 

and Cognitive Systems. 

Validity of the Survey 

The first assessment of content validity of the survey 

(see Appendix A) was done by formulating a draft copy of the 

survey forms. The following people were advised concerning 

the purpose of the survey and asked to pass judgement on the 

content validity of the survey and to make suggestions about 

how to improve it: Dr. Bill Brookshire, Associate Profes-

sor, Department of Educational Foundations, University of 

North Texas; Janette Scannell, Research Associate, Texas 

Center for Educational Technology, The University of North 

Texas; and Dr. Cathleen Norris, Associate Professor, Depart-

ment of Computer Education and Cognitive Systems. The 

constructive criticisms offered by these persons were imple-

mented in a second draft of the survey. 

A pretest was made of the second draft of the survey on 

July 29, 1992, in CECS 1100, Section 1, The University of 

North Texas. The replies were evaluated as indicated in 

Table 2. 
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Table 2 

First Assessment of Content Validity 

Appears Reasonable 
Question understood answer 

1* 31 31 
2 31 31 
3 29 28 
4 * * 27 20 
5 31 30 
6 31 31 
7 26 26 
8 31 31 
9 30 30 
10 31 31 
11 30 30 

n = 31 

Notes. Number 11 is Survey Form 2, question 2. 
* For identification purposes only. 
** Seven subjects wrote that they knew what the question was 
asking, but they couldn't recall what the correct value was 
for their score. With no answer stated, it was impossible 
to state the reasonableness of their response. 

To further assess the validity of the survey within the 

context of this research, a second assessment of content 

validity was made. Three persons were asked to serve on an 

informal jury. Members of the jury were Dr. Dennis Conrady, 

Associate Professor of Computer Science, The University of 

North Texas; Dr. Nathaniel Mills, Associate Professor of 

Biology, Texas Woman's University; and Peter Scannell, 

Senior Associate Human Factors Engineer, IBM Westlake Devel-

opment Laboratory. The jury operated under majority rule in 

establishing the validity for each question. All of the 

questions were declared valid by unanimous decision with the 
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exception of questions 1, 7, and 8 on Survey Form 1 and 

survey questions 1 and 2 on Survey Form 2 (see Appendix B). 

These questions were thought, by all jurors, to be based on 

valid concepts, but one juror thought that questions 2, 7, 

and 8 on Survey Form 2 needed to be replaced by different 

wording. One juror thought that question 1 on both forms 

was unnecessary. It should be pointed out that the purpose 

of the identification numbers was to establish which survey 

went with which tracking file. The files were identified by 

the same number. On the basis of the action of the informal 

jury, the survey is considered to be a valid survey. 

Reliability of the Survey 

In assessing the reliability of the survey, the focal 

point was on the ability of the instrument to consistently 

produce the same measurements with successive uses of the 

survey (Huck, 1974). To do this, the assumption was made 

that the first response was a correct response. A second 

response which differed from the first response was consid-

ered to be incorrect. 

A posttest was made of the second draft of the survey 

on August 5, 1992, in CECS 1100, Section 1. Except for 

absentees, it was administered to the same subjects as was 

the pretest. The responses of the two administrations of 

the survey are described and summarized in Table A-5. 
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The data from the second application (posttest) of the 

survey were compared with the data from the earlier applica-

tion (pretest) of the survey. Responses to the survey 

questions from the first administration were assigned a 

value of 1. Responses to the survey questions for the 

second administration which were different from the first 

responses were assigned a value of 0. These results can be 

seen in Table A-6. From this it is possible to determine 

the percentage of responses to each survey question which 

were the same for both administrations of the survey. These 

percentages can be seen in Table 3. 

Table 3 

Survey Response Summary 

Survey Number Agreement between 
item of Responses responses 
no. responses ( % ) ( % ) 

1 22 100 100 
2 22 100 82 
3 22 100 91 
4 13 59 69 
5 22 100 91 
6 22 100 73 
7 19 86 47 * 
8 22 100 82 
9 21 100 67* 
10 22 100 100 
11 22 100 86* 

Note. * It appears reasonable to expect change in response 
to these items due to one week of treatment (computer in-
struction) 1 

Since it was likely that some students would not be 

able to recall either their SAT or ACT scores, they were re-
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minded, during the class session prior to the first computer 

collection of data on user preference for menu selection 

method, to review their scores. 

Because of assignments and test preparation, and be-

cause question 7 addresses an approximation, it seems rea-

sonable not to expect the response rate to this question to 

be 100%. Likewise, it seems reasonable to have a response 

rate of less than 100% for question 9, which is addressing 

an attitude that is likely to be changed because of greater 

understanding of computer technology brought about by an 

additional week of instruction. 

Question 11 addresses the user's perception of what 

this research is all about. Whether or not the change shown 

here is significant is the central problem of this research. 

Description of Measures Employed 

The student's frequency of key selection of menu items 

was calculated by dividing the total number of key selec-

tions of menu items by the sum of key selections of menu 

items and mouse selections of menu items. The student's 

frequency of mouse selection of menu items was calculated by 

dividing the total number of mouse selections of menu items 

by the sum of key selections of menu items and mouse selec-

tions of menu items. The mean use rate was found by 

dividing the frequency of key selections of menu items by 

the frequency of mouse selections of menu items. This was 
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reduced to the ratio of the frequency of key selection of 

menu items to the frequency of mouse selection of menu 

items. This was done for each session. Rates were used in 

the comparisons rather than frequency counts to permit 

comparisons between assignments on an equitable basis. It 

was assumed likely that, with experience on the part of the 

user, a task which originally required a given number of 

steps would have been reduced to fewer steps; the user would 

have learned methods of doing things that require fewer 

steps than when the user first learned how to do a given 

task. These mean use rates were analyzed to determine if 

there was a significant difference in menu selection methods 

between the two sessions. 

For related samples, the _t-test was used to determine 

whether or not there was a significant migration from key 

selection to mouse selection, or mouse selection to key 

selection, for session one compared with session two. 

Considerable care was taken in requiring the same kinds of 

computer application tasks in the second session as were 

used in the first session. The first session took approxi-

mately 90 minutes. The second session took approximately 50 

minutes. It was expected that the subjects would work 

faster during the second session than during the first 

session, since they would have learned more and had more 

experience by the time of the second session. In addressing 
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the problem of this research, data from users with more than 

seven months of experience were not used. 

Conclusions of this research were based on the above 

analysis as well as analysis of the written survey informa-

tion. Data obtained from the written survey provide sugges-

tions for future research and also for further statistical 

analysis, such as analysis of variance between data items on 

the survey and user performance. 



CHAPTER IV 

FINDINGS 

Overview of Statistical Procedures 

The statistical procedures used for this research 

involved obtaining measures of student use of keys and use 

of mouse clicks to select main menu items while using Micro-

soft Works (IBM, 1987-1989), a program which provides for 

selection of menu items by both keyboard entry and mouse 

clicking. Tracking software produced trace files of each 

subject's activity while the subject used the various word 

processing features of Microsoft Works. Approximately 32 

megabytes of data were accumulated by the tracking software 

These data were reduced to the data relative to the word-

processing unit. These trace files were processed by com-

puter software to obtain the frequency of use of the two 

menu selection methods. Approximately 35.2 kilobytes of 

data per subject were analyzed for the pretest and 12.0 

kilobytes of data per subject were analyzed for the 

posttest. Two different methods were used to determinine 

the frequency of use for each subject. The first method 

provided measurement of the activity used primarily in the 

selection of a main menu item by key strokes and mouse 

clicks. The second method involved all key strokes and 

mouse clicks relative to all menu activity. The key stoke 

69 
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method involved the use of the escape key, the cursor 

control keys, the tab key, the alt key, and in some cases 

alpha characters as they related to secondary menu 

selections. The mouse click method involved all mouse 

clicks which were concerned with menu activity. The defense 

of the hypotheses of this research will rest primarily on 

the use of the first method. 

The proposal for this research defined the mean use 

rate in terms of the frequency of selection of main menu 

items by key divided by the frequency of selection of main 

menu items by clicking the mouse. Instruction given during 

class encouraged students to try both methods initially and 

then select the method they preferred. In light of these 

instructions, it was not anticipated that there would be 

users who would use only one of the two menu selection 

methods exclusively. Statistically, this would present a 

serious problem in that it would require division by zero, a 

process which, mathematically, is undefined. If the user 

uses the key stroke method 23 times and clicks on the mouse 

zero times, it is not possible to define the ratio in terms 

of 25 divided by zero. 

Since the intent of this research was to determine 

whether or not there is a change to a common method of menu 

item selection and not to determine the magnitude of change, 

the issue can be resolved by using the sign test {Norusis, 

1988, p. 418). The sign test is a nonparametric test having 
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the advantage of not requiring a knowledge of the shape of a 

distribution of the variable under consideration. 

To apply the sign test to this research required the 

assigning of values to the variables in such a way that they 

show change. This was accomplished in the following manner. 

A value of zero was assigned to the mean user rate for the 

pretest activity and a value of one was assigned to the mean 

user rate for the posttest activity for subjects who used 

keys and mouse clicks for selection of menu items for the 

pretest, but did not use the mouse during the posttest. A 

value of one was assigned to the mean user rate for the 

pretest activity and a value of zero was assigned to the 

mean user rate for the posttest activity for subjects who 

used only keys for selection of main menu items, and used 

the mouse for selection of menu items during the posttest. 

A value of zero was assigned to the mean user rate for both 

pretest and posttest activities for those subjects who did 

not use the mouse for either pretest or posttest activities. 

In all other cases, the original mean user rates were used. 

If the value for the mean user rate went up, the user was 

using the mouse less. If the value for the mean user rate 

went down, the user was using the mouse more. If the value 

for the mean user rate was unchanged, including not using 

the mouse in the pretest and not using the mouse in the 

posttest, there has been no apparent change in user 

preference. This process provides a measure of precisely 
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that which is needed~-a measure of change in method of 

selecting items from a menu. The null hypothesis and the 

alternative hypothesis for this research are defended on the 

basis of the sign test statistical procedure. 

Shown in Table A-7 is a summary of the results from the 

survey instrument used with this research, while in Table 

A-8 the are shown the demographics of the University of 

North Texas subjects, all of whom were enrolled in CECS 

1100, Computer Applications, in the Department of Computer 

Education and Cognitive Systems, during the spring session 

of the 1992-1993 school year. Although CECS 1100 is a 

freshman level course, it should be noted, according to 

Table A-7, that a large number of the students are beyond 

their thirteenth year of education. 

In Tables A-9 and A-10 are the data for the first 

method of menu selection (see Tables A-ll and A-12 for data 

for method two). The cases requiring division by zero have 

been changed in the table to values of zero and one as 

previously described. 

SPSS/PC+ software (SPSS Inc., 1988) was used to process 

the statistics which this research necessitated. 

Description of Findings Pertinent to each Hypothesis, 

Objective, or Question 

The test of significance of the measured differences in 
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key use rate was done by postulating a null hypothesis that 

the differences in the two rates is zero: 

H0 : Ui - u2 = 0 

against the alternative hypothesis 

Ha : - U2 <> 0 

where ux is the mean key selection rate for the pretest 

activities and u2 is the mean key selection rate for the 

posttest for those users having less than eight months of 

computer experience. This was done for both methods. The 

results obtained by method 1 can be found in Table 4. 

Table 4 

Sign Test - Key Menu Item Selection Pretest Versus Posttest 

Cases - Method 1 

13 - Diffs (key menu user rate lower after treatment) 
11 + Diffs (key menu user rate higher after treatment) 
7 Ties 

(Binomial) 
31 Total 2-tailed p, = .8388 

The pretest measurements were based on the initial work 

by the students with Microsoft Works (IBM, 1987-1989). The 

work culminated in a final task from which the posttest 

measurements were taken. A total of 95 students had active 

accounts on a common computer network. Some of these stu-

dents used their own computers for much of the work, making 

it impossible to track their activity. This also included 
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any students who started the course, but did not finish the 

course. It also included two students who changed accounts 

during the semester, making it impossible to correctly 

associate their pretest and posttest activity. These 

situations accounted for 17 students. Sixty-eight of the 

remaining 78 students completed all facets of the research 

and comprise the group upon which this research is based. 

The design for this research stipulated that the mea-

surement of migration to a common input method be done with 

students having less than eight months of computer experi-

ence. Of the 68 students on which the findings of this 

research are based, 31 of them had less than eight months of 

experience. The composition of the two groups can be seen 

in Table A-8--the group with subjects having more than seven 

months of computer experience and the group with subjects 

having less than eight months of computer experience. 

With a probability of 83.9%, that two sample groups 

would show these differences in means when, in fact, there 

is no difference, would require retention of the null hy-

pothesis. There appears to be little reason to doubt that 

the mean key selection rate is the same for the posttest as 

for the pretest. There is no difference in means at the JD = 

.05 level of significance for rate 1 as compared with 

rate 2.. Therefore the null hypothesis is retained. 



75 

Other Findings 

The nonparametric sign test was also applied to method 

2, with the results shown in Table 5. Method 2 involved all 

menu activity. If the null hypothesis was applied to this 

method, it would have to be retained (JD = 1.0000) . There is 

no difference in means at the £> = 0.05 level of significance 

for rate 3 as compare with rate 4. 

Table 5 

Sign Test - Key Menu Item Selection Pretest Versus Posttest 

Cases - Method 2 

12 - Diffs (key menu user rate lower after treatment) 
12 + Diffs (key menu user rate higher after treatment) 
7 Ties 

(Binomial) 
31 Total 2-tailed jo = 1.0000 

Although the _t-test for related samples could not be 

applied to the mean user rate as defined in the proposal for 

this research, when liberty is taken to define the user rate 

in terms of key selection of menu items compared to the sum 

of key selection of menu items and mouse clicking on menu 

items, it can be applied. This assumes, of course, that 

the group of 31 subjects is a random group from the larger 

population of university students in the early stages of 

learning computer applications and that what we are proport-

ing to measure is approximately normally distributed in the 

population. Thirty-one subjects is a large enough sample so 
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that it is not necessary to strictly adhere to these assump-

tions (Hinkle, Wiersma & Jurs, 1988, p. 170). To apply the 

t.-test for related samples, key clicks were divided by the 

sum of key clicks and mouse clicks to obtain a key rate. 

This rate multiplied by 100% gives the key rate in percent. 

The mouse clicks divided by the sum of key strokes and mouse 

clicks produced a mouse click rate. The mouse click rate 

multiplied by 100% gives the mouse rate in percent. These 

rates are shown in Tables A-2 and A-3. In these table are 

shown only the rates for the subjects, expressed in 

percentages, since these are the data of primary concern to 

this research. 

For method 1, a probability of 78.4% that two sample 

groups would show these differences in means when, in fact, 

there is no difference, would require retention of the null 

hypothesis. There appears to be little reason to doubt that 

the mean key selection rate is the same for the posttest as 

for the pretest. There is no difference in means at the .05 

level of significance for rate 1 as compared with rate 2. 

This test would also require retention of the null hypothe-

sis. The results obtained by method 1 can be seen in 

Table 6. 

For method 2, a probability of 99.5% that two sample 

groups would show these differences in means when, in fact, 

there is no difference, would require retention of the null 
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hypothesis. Once again, there appears to be no reason to 

doubt that the mean key selection rate is the same for the 

posttest as for the pretest. There is no difference in 

means at the 0.05 level of significance for rate 1 as 

Table 6 

Statistical Results - Method 1 

Number Standard Standard 
of Cases Mean Deviation Error 

Pretest 31 50.03 29.76 5.35 
Posttest 31 50.93 37.03 6.65 

Notes. 
n = 31 
Difference for means = -.903 
Standard deviation for means = 18.2 
Standard error of means = 3.27 
Correlation = .873 
Two-tail probability (for correlation) = .000 
jt Value = - . 28 
Degrees of Freedom =30 
2-Tail Probability == .784 

compared with rate 2 when method 2 is employed; therefore, 

the null hypothesis would be retained for this second method 

of measuring the change in the method of menu selection to a 

common method of menu selection, as well as would be done 

for the first. The results for this test can be seen in 

Table 7. 

The t_-test for related samples was used to determine 

whether or not there was a significant migration from key 

selection of menu items to mouse click selection of menu 
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items when the student complete the pretest activities as 

compared with the posttest activities. 

Table 7 

Statistical Results - Method 2 

Number Standard Standard 
of Cases Mean Deviation Error 

Pretest 31 50.52 31.58 5.62 
Posttest 31 50.50 37.56 6.75 

Notes. 
n = 31 
Difference for means = .0161 
Standard deviation for means = 15.0 
Standard error of means = 2.69 
Correlation = .920 
Two-tail probability (for correlation) = .000 
t_ value = .01 
Degrees of freedom = 3 0 
2-Tail probability = .995 

Examination of the demographics for the subjects of 

this research (see Table A-S) shows a difference in prefer-

ence of key use over mouse clicking for users with more than 

eight months of experience as compared with those with less 

experience. However, analysis of variance of key strokes or 

mouse click preference versus months of experience, yields 

no significant differences in preference relative to experi-

ence (F ratio = .8954 and F probability = .3482). This 

further supports the necessity of retaining the null 

hypothesis. 

According to Table 4, thirteen key menu selection 

method changes reflect a move away from using the keys for 
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menu item selection and eleven key menu selection method 

changes reflect a move toward using the keys for menu item 

selection. Put simply, this says that 13 users were 

changing toward using the mouse and 11 users were changing 

toward using keys. Twenty-four of 31 users changed menu 

item selection methods. If I assign a value of zero for the 

pretest key user rate and a value of 1, to all of the users 

that make a change to the opposite menu item selection 

method and do nothing with those that stayed the same 

(ties), I can again use the sign test. This produces a 

binomial 2-tailed £ < .01. If I were to redefine the null 

hypothesis in terms of change without regard to the 

direction in which the change occurred, I would need to 

reject the null hypothesis and accept the alternate hypothe-

sis. In the context of this study, I would have to state 

that users do change input device preference with the 

treatment of time. They tend to change to the opposite 

method from that with which they started. 



CHAPTER V 

SUMMARY, DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

Summary of Research Problem, Methods, and Findings 

The intent of this research was to determine whether or 

not computer users develop a preference of input device, 

keyboard or mouse, in making menu selections, as the user 

gains experience in the use of a particular software 

package. This research seems to indicate strongly that no 

such preference takes place. Users did not prefer a common 

input device, but rather to prefer an input device opposite 

from the input device with which they were working when they 

began the treatment of time. 

The tracking software used in this study tracked all 

user actions involving key strokes and use of the mouse. In 

doing so, approximately 32 megabytes of data were collected. 

This is about 47.2 kilobytes of data per subject on the word 

processing unit. Eight bytes of information were recorded 

for each key stroke and for each mouse click. These eight 

bytes of information included such things as location of the 

key cursor when the key was depressed or location of the 

mouse cursor when the mouse was clicked. It provided the 

scan codes, shift code, ASCII (American Standard Code for 

Information Interchange) codes and information about the 

presence or absence of a main menu. Based on this 

80 
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information, translation software described keyboard and 

mouse activity for each user. Practice over time was used 

as the pretest. The last activity of the unit was used as 

the posttest. 

Discussion 

Circumstantial constraints prevented this research from 

being conducted exactly as it was proposed. Collecting the 

trace files on individual disks, one disk per student, 

presented some real problems in management. The possibility 

of lost disks, the possibility of students working with the 

wrong disk, and the time taken from the teaching task for 

the disk management chore were problems with which the 

researcher had to deal. These problems were readily 

resolved by placing the tracking software on the computer 

network. 

The network tracking software was not ready in time to 

collect data on the word processing unit during the fall 

semester of the 1992-1993 school year. The decision was 

made to be sure everything would be ready by the beginning 

of the second semester of the 1992-1993 school year. A 

network version was tested and ready for the second semes-

ter. Unrelated to this research was a problem which oc-

curred with the network. The network was not functional 

when the semester began. A late start on the word 

processing unit and the need to present the unit in a 
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somewhat hurried fashion decreased somewhat the time between 

pretest activities and posttest activities, although the 

amount of computer activity was approximately the same. -

The decision to place the tracking software on the 

network was a good one. It insured the likelihood of col-

lecting all keyboard and mouse activity conducted by the 

student. It did, however, necessitate the management of a 

very large amount of data during the analysis phase of the 

research; much of the collected data needed to be discarded, 

since it was data from beyond the word processing unit. It 

also meant the exclusion of some data from students who 

chose to do their assignments on their own computer rather 

than on the network. 

By way of summary, two major problems of an unexpected 

nature had to be dealt with in conducting this study. 

1. Having each subject work with a floppy disk on 

which were located the tracking software and the student's 

work presented a somewhat unwieldy problem. This was 

resolved by placing the tracking software on the network. 

2. The time of treatment was somewhat shortened due to 

network problems. This was resolved by rearrangement of 

instruction in such a way that the treatment remained based 

on the same student activities as would have otherwise been 

the case, had the time of treatment not been shortened. 

The method of collecting keyboard and mouse activity 

used in this study appears to be a very objective way of 
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determining just what it is that the user does. It enables 

the experimenter to objectively discern the preference of 

the computer user for the mouse (clicks and movement of the 

mouse) or for the keyboard (key strokes). 

If there is a commonly preferred method of menu item 

selection, contrary to what this research shows, the process 

of analysis would require that several observations be given 

consideration. 

1. If users do, in fact, develop a preference for a 

common method of menu item selection, it must occur over a 

much longer period of time than the time which was used for 

treatment in this research. 

2. Development of a preference for a common method of 

menu item selection is the result of several factors which 

cannot be relegated simply to time of treatment of the 

subjects. 

3. The benefits of one method of menu item selection 

over the other are so minimal that, whatever change to use 

of a common input method occurs, the change is largely coin-

cidental . 

4. Subjects do not experiment with the opposite 

interface method at the start of their experience, even when 

encouraged to do so, but are willing to do so only after 

arriving at some comfort level with the general 

functionality of the software. 
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5. Some other variable or combination of variables 

prompt the user to change to a method different from that 

with which they began. 

The possibility that the software is the variable that 

determines preference of input device, is brought out when 

one considers the probability of two samples having the same 

means but showing this change to the opposite menu item 

selection device at JD < .01 for users with more than seven 

months of computer experience. They might reason, for 

example, that the mouse was the best input device for the 

last piece of software with which they had experience, but 

the software with which they are currently working is 

different software, so perhaps a different input device 

might be better. For this reason they change from using the 

mouse to using the key stroke method for selecting main menu 

items, but not until they have some understanding of the 

general functionality of the software which they are 

currently learning how to use. 

In giving meaning to the findings of this research, it 

must be pointed out that there are two distinct differences 

between what is being researched here and what was 

researched in much of the work cited earlier. In the work 

of TBS (Temple, et al., 1990), for example, much of the data 

obtained were somewhat subjective. The user's impression of 

how they respond, what they do, 'and when they do it, does 

not always match the user's actual performance. A user may 
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claim to use the mouse more than the keys, but actual 

counting of these tasks may, in fact, contradict that claim. 

This research avoids that possible discrepancy. 

Secondly, much of the work cited earlier in this 

research involved not just the mouse and keys, but a certain 

method by which responses were solicited from users in one 

case being different from the method by which the responses 

were solicited in another case. 

It would seem appropriate at this point to examine 

these two differences. Consider the work of TBS (Temple, et 

al., 1990). When a claim is made that the GUI (graphical 

user interface) promotes self teaching, the mouse and keys 

may be neutral elements in the picture. Differences in this 

research, as compared with that of TBS, may be due to the 

way in which the software used by TBS solicited responses 

rather than the type of device with which the response was 

made. 

This seems to be what is being stated by Baecker and 

Buxton (1987). They express the need for more empirical 

data. The data obtained by the research presented in this 

dissertation provide some of that needed data. 

The method of obtaining the data for this research was 

unique in that it attempted to collect the data in as close 

a proximity as possible to the activity under consideration. 

The Usability Sciences Corporation of Irving, Texas 

(Reed, 1991) is interested in knowing what it is about 
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computer application software that makes some software more 

preferred than other software. They want to know what it is 

that the user does in using software. In their tests 

involving GUI and GUI (character user interface), they 

worked with only ten subjects and obtained their data from a 

video tape of each user. The researcher, upon examination 

of the video taped activity, reduced the activity to 

objective data. These data were then used to determine what 

users prefer. Unlike their method, this research obtained 

the data one step closer to the user, and in so doing 

provided some of the objective data which Roberts and Moran 

(Baecker & Buxton, 1987) found to be lacking. 

Furthermore, this research seems to show that, in the 

word processing environment, differences between the 

performance of mouse users and key stroke users are not due 

to the input devices themselves,'but are due rather to the 

response soliciting mechanism. When the response soliciting 

mechanism is the same for both input devices, as was the 

case for this research, the mouse seems to have no stronger 

appeal to the user than do keys, and keys seem to have no 

stronger appeal to the user than does the mouse. The 

frustration to which Baecker and Buxton refer is not due to 

the input device. Were this the case, a transition to a 

common user device would have been much more obvious in this 

research. 
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GUI and GUI have a much broader connotation than that 

of key strokes and mouse clicks, as they are being dealt 

with in this research. If we simplify CUI and GUI to the 

point of saying that a CUI solicits key responses in a way 

unique to a CUI and that a GUI solicits mouse click 

responses in a way that is unique to a GUI, then we can 

argue that if GUI is favored over CUI, it is because of the 

way that responses are solicited. It is not that the mouse 

is the preferred input device over the keyboard. The 

research being presented here finds the response mechanisms 

to be neutral. Benefits of CUI over GUI or GUI over CUI, as 

discussed in the literature, are due to the difference in 

the manner in which the responses are solicited--not in the 

way users choose to make responses. 

The work of Halio (1990, January) and references to it 

by Nelson (1990) would seem to require that students possess 

some precondition by which they are mouse or key disposed. 

Nothing in the survey used in this research seems to give a 

clue as to what this disposition is. Level of intellect as 

suggested by SAT scores seems not to be a predictor of mouse 

or key disposition. It must be recognized, however, that 

the method of obtaining SAT scores for this research is 

somewhat questionable. Subjects were asked to review their 

scores prior to the class period during which the surveys 

were compl'eted and to record these scores on the survey 

form. Add to this the fact that there were 16 of the 31 



users with less than 8 months of computer experience for 

whom the SAT scores were not even given, and not much fuel 

is provided for arguing for or against intellect as a 

determinant of user disposition. 

The other major concern of Halio (1990, January) was 

with the role of the user interface as it related to 

creativity. Because of the emphasis made on the use of the 

application software in the classes from which the data for 

this research were collected, there was little opportunity 

for this research to address this issue. 

This research does not seem to provide any clues about 

the role of lateralization in the determination of user 

preference of mouse or key. The hemispheric functions, as 

summarized by Fadely and Hosier (1983), seem to be relegated 

to the realm of mental activity. The one exception is what 

they call "integration and execution of gross and fine motor 

movement," which would seem, logically, to take place after 

some previous mental activity or concurrently with such 

mental activity, but never before any mental activity. 

Again, it may well be that what the eye sees relates more to 

the possibility for lateralization as a factor determining 

disposition than does the activity of the hand. 

In describing the left and right hemispheres, Fadely 

and Hosier (1983) make reference to analog and digital 

activity, with analog activity associated more with the 

right hemisphere and digital activity associated more with 
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the left hemisphere; these differences must be more mental 

than motor skill related. If these activities are motor 

skill related, then subjects choosing the key stroke method 

of selecting menu items, presumably left-brained subjects, 

would not likely be changing to the mouse clicking method, 

which is far more analog than key stokes, although some of 

the mouse clicking activity is digital. Likewise, subjects 

choosing the mouse clicking method, presumably right-brained 

subjects, would not likely be changing to the key stoke 

method of selecting menu items, since this is strictly a 

digital motor skill activity. 

Morgan, Morris and Gibbs (1991) suggest, based on their 

research, that the user interface mode of preference is the 

mode with which the user had gained experience. With 24 out 

of 31 users changing to the opposite menu item selection 

method than the one with which they began, seems to refute 

this notion. Once users have gained comfort with the 

general functionality of word processing, they tend to begin 

serious exploration of the opposite input device from that 

with which they began. 

Conclusions 

According to this research, there is no statistically 

significant change in preference on the part of computer 

users to a common method of main menu item selection--menu 

item selection by key or menu item selection by mouse click-
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ing. In conclusion, users have no preference for menu item 

selection method. 

With reference to Table 5, the following data is 

provided. Some student users (23%) appeared not to exhibit 

a change in the method of menu item selection. Some student 

users (35%) changed from using the mouse to preferring the 

keyboard, and still other student users (42%) changed from 

using the keyboard to preferring the mouse. A significant 

number of student users (77%) changed to using the opposite 

device from that with which they began. In conclusion, 

given the opportunity to change, student users will 

experiment with input devices. 

Implications for Higher Education 

Apparently college student users are not predisposed to 

some common type of computer input method, given the length 

of time used for the treatment in this research. Whatever 

mental, physical, or emotional factors determine a user's 

choice of menu item selection device, this decision must 

occur over a much longer period of time than that used for 

the treatment in this research. "Extensive testing and 

iterative refinement are necessary parts of every 

development project" (Shneiderman, 1987, p. 74). 

It is important that research be done after the 

development of an interface. According to Carroll 

(Thimbleby, 1990), some assumptions made during design are 
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incorrect, but they cannot be falsified unless they become 

clearly stated. More research is necessary (Shneiderman, 

1992) . 

What better place is there for research on computer 

user behavior than on the college and university campus? 

This is the place where the training takes place. In 

preparing teachers to help others function in a 

technological age, the best training information must be 

used. The best curriculum must be used. Bitter and Yohe 

are of the opinion that teacher preparation for integrating 

technology into education is lacking (Criswell, 1989). 

Teachers are not being adequately trained in how to use 

software in the most productive manner (Holden, 1989). 

Those who train users in the use of new software should 

encourage their trainees to become very familiar with all 

the aspects of menu item selection early in the teaching 

process. This should be encouraged until or unless other 

research can define the factors which ultimately dictate the 

input method a user will select on a more permanent basis. 

As these factors become known, they should be implemented in 

such a way as to give the student user maximum advantage. 

Given the environment from which the data for this 

research were taken and the apparent neutrality of the two 

input devices under consideration, instruction should 

contain some element which addresses the speed with which a 

user is able to accomplish a given task (Shneiderman, 1992). 
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Selecting the seventh item down on a menu must certainly be 

more efficiently accomplished by three keystrokes from the 

keyboard, over which the hands are already located, than by 

(a) moving the hands to the mouse, (b) clicking for a main 

menu, (c) moving the mouse so that the mouse cursor is on 

the seventh item, and (d) clicking on that item. Since the 

two input items are so neutral in preference, one should 

capitalize on efficiency (Thimbleby, 1990). 

In terms of the larger computer environment, the next 

logical step in the research of this topic should be to 

replicate this study, but with a much longer treatment of 

time, such as two or three years. Such replication would 

make it possible to determine whether or not there is a 

preference of input device at some point of time in the 

mastery of application software. If the findings of that 

research are similar to what was described here, then the 

input mechanism should be given less of an emphasis than it 

has in the past {Lu, 1984), and there needs to be an 

increased emphasis on how responses are solicited (Foley, 

Wallace, & Chan, 1984) . According to Jervell and Olsen 

(Holcomb & Wendelken, 1990), there needs to be continued 

research on the syntax used and the meaning which an icon 

can provide. 

Data need to be collected at the source more often than 

has apparently been the case in the past and the literature 

(Baecker, 1987; Kaplan & Moulthrop, 1990; Thimbleby, 1990; 



93 

Youra, 1990) seems to suggest a need for more of it. Given 

the high speed with which today's computers are capable of 

operating, there should be more collecting of data on what 

it is that the computer user actually does, with this being 

determined by the use of tracking software like that which 

was used for this research. 

This study also demonstrates that it is possible to 

track computer users' actions as they learn how to use 

application software. Such tracking would permit teachers 

to discover inefficient procedures being used by students 

and encourage procedures that result in more efficient 

production than might otherwise be the case. 

This study needs to be replicated with specific 

additional attention given to the college student's (a) 

typing background, (b) ownership of computer and kind of 

computer, (c) access to computers, and (d) previous 

applications software training. 

A similar study should be made of college students but 

over a longer period of time, beginning with the initial 

course and continuing through the junior year. This would 

provide a measurement of preference beyond the training 

phase. 

In summary, the implications for higher education are 

the following: 

1. Research on the college user's interface preference 

needs to be done after an interface has been developed. 
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2. More research needs to be done on the college and 

university campus in close proximity to the place where 

educators are being trained in the proper use of 

applications software. 

3. More research needs to be done on the graphical 

output component of the user interface. 

4. This study needs to be replicated with additional 

consideration given to (a) computer ownership, including 

brand, (b) the student user's economic background, (c) the 

student user's typing background, and (d) the student user's 

previous training on application software. 

5. This study should be replicated, but over a longer 

period of time, such as three years. 

6. Tracking and deciphering software needs to be 

developed which will permit teachers to track the specific 

actions of college students as they learn how to 

productively use application software. 
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Table A-l 

Sample Data from a Trace File for a Single Subject 

Menu item selected Key Mouse 

Create New File 1 2 
Open Existing File 0 1 
Save 0 3 
Save As . . . 0 2 
Close 0 3 
File Management 0 3 
Run Other Programs 0 1 
Convert 0 0 
Exit Works 0 1 
Undo 0 5 
Move 0 3 
Copy 1 2 
Copy Special 0 0 
Delete 0 0 
Insert Special 0 0 
Insert Field 0 0 
Insert Chart 0 0 
Footnote 0 0 
Bookmark Name 0 0 
Print 1 2 
Page Setup & Margins 1 1 
Preview 0 3 
Print Form Letters 0 ^ 0 
Print Labels 0 - 0 
Insert Page Break 0 2 
Headers & Footers 0 1 
Printer Setup 0 1 
Text 1 0 
All 1 2 
Go To 0 0 
Search 0 2 
Replace 0 0 
Move 0 0 
Size 0 0 
Maximize 0 0 
Arrange All 0 0 
Split 0 0 
1 W0RD1.WPS 0 2 
Using Help « 0 5 

Note. Menu items followed 

(Continued on next page) 

with ". . ." have submenus. 
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Table A-l (continued) 

Sample Data from a Trace File for a Single Subject 

Menu item selected Key Mouse 

Help Index 0 0 
Getting Started 0 0 
Keyboard 0 0 
Mouse 0 0 
Works Tutorial 0 0 
Plain Text 0 2 
Bold 0 1 
Italic 0 1 
Font & Style 0 2 
Normal Paragraph 2 0 
Left 0 1 
Center 0 2 
Right 0 3 
Justified 0 2 
Single Space 0 1 
Double Space 0 1 
Indents & Spacing 0 1 
Tabs 0 4 
Borders 0 0 
Work Settings 0 1 
Calculator 0 0 
Alarm Clock 0 0 
Dial This Number 0 0 
Show Ruler 0 2 
Show All Character 0 0 
Show Footnotes 0 0 
Wrap For Screens 0 0 
Typing Replaces Selection 0 0 
Check Spelling 0 3 
Thesaurus 0 0 
Paginate Now 0 4 

Totals (frequency) 8 78 

Interface use rates {%) 9.3 90.7 

Mean use rates .103 

Notes. Menu items followed with 
All measurements are per session. 

" have submenus 
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Table A-2 

Summary Data--Subjects Having Less Than 8 Months of Computer 
Experience 

Method 1 Method 2 

Pretest Posttest Pretest Posttest 

Case Exp Key Mouse Key Mouse Key Mouse Key Mouse 

AO 2 5 31. .3 68. ,7 9. .0 91. ,0 17 . ,4 82 . ,6 11. ,3 88. ,7 
AO 9 0 41 .8 58. ,2 60 . 5 39. ,5 35. ,3 64. ,7 44. ,6 55. ,4 
A12 1 20. .8 79. ,2 3 . ,4 96. ,6 4. ,6 95. ,4 1. ,2 98. ,8 
A16 6 100 .0 0. ,0 100. .0 0. ,0 100. ,0 0. ,0 100. .0 0. ,0 
A17 0 75 .0 25. ,0 89. ,8 10. ,2 70. ,9 29 . ,1 80. ,9 19. ,1 
A21 1 73 .4 26. .6 100. ,0 0. ,0 82. ,7 17. .3 100. ,0 0 . ,0 
A22 1 14 .8 85. ,2 5. ,5 94. ,5 4. .3 95. ,7 1. ,9 98 , .1 
A23 7 100 .0 0. .0 100. ,0 0. .0 100. ,0 0, .0 100 . .0 0. ,0 
A25 1 87 .7 12. ,3 100. , 0 0. ,0 97. ,4 2 . .6 100. .0 0. .0 
A2 6 1 30 .4 69. .6 100. ,0 0, . 0 55. .0 45. .0 100. , 0 0, .0 
A27 1 3 .2 96. .8 11. .3 88. .7 1. ,8 98. .2 3 . .1 96, .9 
A3 2 1 0 .8 99. .2 7. .4 92 . .6 0. .2 99. .8 2 . .5 97 , .5 
B04 1 19 .0 81. ,0 10, .3 89. .7 20. ,2 79, .8 12. . 6 87 , .4 
BIO 3 46 .9 53 . .1 5. .2 94. .8 63 . .7 36. .3 7. .7 92 , .3 
B16 1 50 .6 49. .4 14. .0 86, .0 45. .7 54, .3 14, .0 86, .0 
B17 5 97 .4 2 , .6 100, .0 0, .0 99. .4 0, .6 100 , .0 0, .0 
B18 5 100 .0 0, . 0 100. .0 0, .0 100. .0 0, .0 100. .0 0, .0 
B22 6 100 .0 0. .0 100, . 0 0, .0 100. .0 0, . 0 100, .0 0, .0 
B34 1 14 .4 85, .6 10, .1 89, .9 13 . .6 86, .4 21, .6 78 , .4 
C03 4 66 .7 33 , .3 12, .4 87, .6 70, .0 30, .0 23 , .2 76, .8 
C04 1 3 .2 96, .8 0, .0 100, .0 4, .0 96, .0 0, .0 100, . 0 
C06 0 86 .9 13 , .1 98, .6 1, .4 96, .0 4, .0 99, .8 0, .2 
C09 6 51 .2 48. .8 94, .1 5 .9 64, .5 35, .5 97 , . 6 2, .4 
Cll 1 32 .6 67 .4 20, .0 80, .0 23 , .9 76, .1 10, .8 89 .2 
C13 3 12 .3 87 .7 7 , .1 92 .9 13 , .3 86 .7 6, .4 93 .6 
C14 1 3 .5 96 . 5 0, .0 100 .0 2 , .5 97 .5 0 , .0 100 .0 
C17 1 100 .0 0 .0 100, .0 0 .0 100, .0 0 .0 100, .0 0 . 0 
C18 4 98 .4 1 .6 100 . 0 0 . 0 97, .1 2 .9 100 . 0 0 .0 
C2 6 0 100 .0 0 .0 100 .0 0 .0 100 .0 0 .0 100, .0 0 .0 
C31 5 100 .0 0 .0 100 . 0 0 .0 100. .0 0 .0 100 .0 0 .0 
C33 1 6 .0 94 .0 0 .9 99 .1 11 .5 88 .5 2 .4 97 .6 

Mean 53 .8 53 .5 54 .7 53 . 0 
Variance 1454 .3 2093 .2 1617 .3 2094 .0 
STDDEV 38 . 1 45 .8 40 .2 45 .8 



99 

Table A~3 

Suiranarv Data--Subiects Having More Than 7 Months of Computer 
Experience 

Method 1 Method 2 

Pretest Posttest Pretest Posttest 

Case Exp Key Mouse Key Mouse Key Mouse Key Mouse 

AO 4 12 100. 0 0. 0 100. 0 0 . 0 100. 0 0. 0 100. 0 0. 0 
AO 5 48 94. 2 5. 8 100. 0 0. 0 98. 0 2 . 0 100. 0 0. 0 
A06 96 99. 6 0. 4 100. 0 0. 0 99. 3 0. 7 100. 0 0. 0 
A07 60 29. 0 71. 0 15. 4 84. 6 23 . 4 7 6 . 6 22 . 2 77 . 8 
A08 12 90. 9 9. 1 0. 0 100. 0 95. 6 4. 4 1. 0 99. 0 
A10 200 99. 0 1. 0 100. 0 0. 0 98. 0 2 . .0 100. 0 0. 0 
A14 10 100. 0 0. 0 100 . 0 0. 0 100. 0 0. .0 100. 0 0. 0 
A15 110 100. 0 0. ,0 100. 0 0. 0 100. 0 0. ,0 100. 0 0. ,0 
A18 36 15. 6 84. ,4 85. 0 15. 0 14. 4 85. ,6 76. 5 23 . ,5 
A19 36 58. 4 41. .6 2 . 2 97. 8 52 . 8 47 . .2 1. 2 98. ,8 
A3 0 72 5. 5 94. ,5 7 . 4 92 . 6 4. 2 95. ,8 5 . 9 94. ,1 
A31 72 19. 8 80. ,2 22 . 2 77. 8 10. 8 89. ,2 17 . 5 82 . ,5 
A3 4 48 99. 0 1. .0 100. 0 0. 0 100. 0 0. , 0 100 . 0 0. ,0 
A3 6 36 100. 0 0. ,0 100. 0 0. 0 100. 0 0. ,0 100. 0 0. ,0 
B03 125 27 . 0 73 . .0 3 . 7 96. 3 47. 0 53 . .0 2 . 4 97. .6 
B05 60 14. 4 85. .6 5. 5 94. 5 12 . 4 87. .6 3 . 6 96. ,4 
B06 36 100. 0 0. .0 100 . 0 0. 0 100. 0 0. .0 100. 0 0. .0 
B07 24 97 . 2 2 . .8 100. 0 0. 0 99. 2 0, .8 100. 0 0 . , 0 
B09 24 100. 0 0. .0 100. 0 0. 0 100. 0 0. .0 100. 0 0 . .0 
B14 10 94. 0 6. .0 100. 0 0. .0 93 . 8 6. .2 100. 0 0 . .0 
B2 0 25 2 . 7 97 . .3 0. 0 100. ,0 1. 7 98. .3 0. 6 99, .4 
B21 25 100. 0 0, .0 100. 0 0. .0 100. 0 0. .0 100. 0 0. . 0 
B3 0 9 80. 2 19, .8 100. 0 0. ,0 87. 7 12 , .3 100. 0 0, . 0 
B32 78 24. 8 75, .2 80. 2 19. ,8 34. 5 65, .5 87 . 7 12 , .3 
C01 30 100. 0 0, .0 100* 0 0. .0 100. 0 0, .0 100. 0 0, .0 
C02 20 28. 0 72, .0 7. 1 92 . ,9 51. 9 48, .1 7 . 1 92 .9 
C07 60 100. 0 0 .0 100. 0 0 . .0 100 . 0 0, .0 100. 0 0, . 0 
C08 24 97. 1 2 .9 98. 2 1. .8 95. 6 4 .4 95. 2 4 . 8 
C12 48 8. 4 91 . 6 1. 8 98. .2 6. 9 93 .1 0. 8 99 .2 
C15 20 99. .2 0 .8 100. 0 0. .0 99. ,1 0 .9 100. 0 0 .0 
C16 12 98. 6 1 .4 100. 0 0, . 0 99. .6 0 .4 100 . 0 0 .0 
C19 36 60. 8 39 .2 100. 0 0, .0 85. ,6 14 .4 100 . 0 0 .0 
C20 36 89. .4 10 . 6" 64. .5 35. .5 92 . .9 7 .1 99 . .9 0 .1 
C24 24 100. 0 0 .0 100. .0 0, . 0 100. ,0 0 . 0 100 . . 0 0 . 0 
C25 36 100 . , 0 0 .0 100. ,0 0, . 0 100. .0 0 . 0 100 . , 0 0 . 0 
C28 12 88. ,0 12 .0 100 . ,0 0. .0 96. .0 4 .0 100. ,0 0 .0 
C30 24 100. ,0 0 .0 100. ,0 0. .0 100. ,0 0 . 0 100. ,0 0 .0 

(Continued on next page) 
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Table A-3 (continued) 

Experience 

Mean 7 3, .5 72.8 75, .7 73 . 6 
Variance 1307, .1 1730.9 1294, .8 1758.4 
STDDEV 3 6, .2 41.6 36, ,0 41.9 

Notes. Key' and mouse rates are expressed in percent of 
total key closures plus mouse clicks. 
Exp = months of computer experience. 
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Table A-4 

Menu Item and Keystrokes to Accomplish Menu Selection Task 
(Microsoft, 1987-1989) 

Menu Item Keystrokes Mouse Clicks* 

Create New File Alt F, N 2 
Open Existing File Alt F, 0 2 
Save Alt F, S 2 
Save As Alt F, A 2 
Close Alt F, C 2 
File Management Alt F, F 2 
Run Other Programs Alt F, R 2 
Convert Alt F, V 2 
Exit Works Alt F, X 2 
Undo Alt E, U 2 
Move Alt E, M 2 
Copy Alt E, C 2 
Copy Special Alt E, S 2 
Delete Alt E, D 2 
Insert Special Alt E, P 2 
Insert Field Alt E, F 2 
Insert Chart Alt E, I 2 
Footnote Alt E, T 2 
Bookmark Name Alt E, N 2 
Print Alt P, P 2 
Page Setup & Margins Alt P, M 2 
Preview Alt P, V 2 
Print Form Letters Alt P, F 2 
Print Labels Alt P, L 2 
Insert Page Break Alt P, I 2 
Headers & Footers Alt P, H 2 
Printer Setup Alt P, S 2 
Text Alt s , E 2 
All Alt S A 2 
Go To Alt s , G 2 
Search Alt s , S 2 
Replace Alt s , R 2 
Move Alt w, M 2 
Size Alt w, S 2 
Maximize Alt w, X 2 
Arrange All Alt w, A 2 

Note. Menu items followed with have submenus. 
* Double clicks (two clicks in very close succession) will 
be counted as two clicks. 

Continued on next page! 
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Table A-4 (continued) 

Menu Item and Keystrokes to Accomplish Menu Selection Task 

Menu item selected Keystrokes Mouse Clicks 

Split Alt W, T 2 
1 WORD1.WPS Alt W, 1 2 
Using Help Alt H, U 2 
Help Index Alt H, H 2 
Getting Started Alt H, G 2 
Keyboard Alt H, K 2 
Mouse Alt H, M 2 
Works Tutorial Alt H, W 2 
Plain Text Alt F, P 2 
Bold Alt F, B 2 
Italic Alt F, U 2 
Font & Style Alt F, I 2 
Normal Paragraph Alt F, F 2 
Left Alt F, N 2 
Center Alt F, L 2 
Right Alt F, C 2 
Justified Alt F, R 2 
Single Space Alt F, J 2 
Double Space Alt F, S 2 
Indents & Spacing Alt F, D 2 
Tabs Alt F, A 2 
Borders Alt F, 0 2 
Work Settings Alt 0, W 2 
Calculator Alt 0, c 2 
Alarm Clock Alt 0, A 2 
Dial This Number Alt 0, D 2 
Show Ruler Alt 0, R 2 
Show All Character Alt 0, L 2 
Show Footnotes Alt 0, F 2 
Wrap For Screens Alt 0, P 2 
Typing Replaces Selection Alt 0, Y 2 
Check Spelling Alt 0, S 2 
Thesaurus Alt 0, T 2 
Paginate Now Alt 0, N 2 

Note. Menu items followed with have submenus. 
* Double clicks (two clicks in very close succession) will 
be counted as two clicks. 
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Table A-5 

Survey Reliability Data 

Id. number Age Gen SAT Eth Edu Exp 

B A B A B A B A B A B A B A 

10515 10515 21 21 2 2 1300 1300 3 3 15 15 0 1 
11845 11845 23 23 1 1 920 780 2 4 14 15 1 1 
16792 16792 22 22 1 1 780 740 1 1 13 13 2 1 
16835 16835 21 27 1 2 990 1500 5 5 14 16 15 955 
19789 19789 21 21 2 2 1040 1040 3 3 15 15 0 0 
21344 21344 34 35 1 1 -1 -1 5 5 16 16 1 1 
21517 21517 28 28 2 2 -1 -1 3 3 17 18 1 2 
22087 22087 21 21 1 1 22 22 3 3 15 15 5 25 
33765 33765 19 20 2 2 -1 -1 3 3 13 13 -1 1 
35011 35011 23 23 2 2 20 -1 3 3 15 15 3 3 
45906 45906 42 42 1 1 1050 1050 3 3 15 15 3 4 
48226 48226 23 23 2 2 31 31 3 1 16 16 1 2 
55079 55079 25 25 1 1 730 730 3 3 15 15 12 10 
56045 56045 28 27 1 1 1100 1100 3 3 22 21 1 1 
61077 61077 19 19 2 2 980 980 3 3 13 13 6 8 
65472 65472 35 35 2 2 -1 -1 3 3 15 15 0 0 
69063 69063 22 22 1 2 -1 -1 4 4 15 15 15 15 
70099 70099 21 21 2 2 28 25 3 3 13 13 -1 -1 
72972 72972 21 21 2 2 -1 -1 1 1 14 13 15 15 
87449 87449 32 32 2 2 1010 1010 3 3 17 16 5 5 
91646 91646 22 22 2 2 -1 -1 3 3 14 14 10 6 
99421 99421 21 21 2 2 -1 -1 3 3 14 14 -1 4 

Notes. Treatment = passage of one week of time. 
B = before treatment. 
A = after treatment. 
Id number = last 5 digits of social security number 
Age = age last birthdate. 
Gen = gender (1=M/2=F). 
SAT = SAT score or ACT score. 
Eth = ethnicity (l=Bl/2=Hisp/3=Wh/4=Asian/5=Other). 
Edu = years of education to the nearest year. 
Exp = approx. months of computer experience. 

(continued on next page) 
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Table A-5 (continued) 

Survey Reliability Data 

Id. number Comp Att Hand Pref 

B A B A B A B A B A 

10515 10515 2 2 3 4 2 2 1 1 
11845 11845 2 2 5 4 2 2 1 1 
16792 16792 2 2 5 5 2 2 1 1 
16835 16835 2 0 3 5 1 1 1 2 
19789 19789 2 2 3 3 2 2 1 1 
21344 21344 0 0 4 4 2 2 1 1 
21517 21517 2 2 2 3 2 2 1 2 
22087 22087 1 1 5 5 2 2 2 2 
33765 33765 2 3 2 2 2 2 1 1 
35011 35011 2 2 4 4 1 1 1 2 
45906 45906 2 2 4 4 2 2 1 1 
48226 48226 2 2 4 4 2 2 1 1 
55079 55079 2 2 5 4 2 2 1 1 
56045 56045 0 2 3 3 2 2 1 1 
61077 61077 2 2 4 4 2 2 1 1 
65472 65472 2 2 4 5 2 2 1 1 
69063 69063 2 2 5 3 2 2 1 1 
70099 70099 2 2 -1 -1 2 2 2 2 
72972 72972 2 2 4 4 2 2 2 2 
87449 87449 2 3 4 4 2 2 2 2 
91646 91646 2 2 5 5 2 2 1 1 
99421 99421 2 2 5 5 2 2 2 2 

Notes. Id number = last 5 digits of social security number 
Comp = computer with which experienced 

(0=none/l=Mac/2=IBM/3=both Mac&IBM). 
Att = attitude toward computer technology 

[neg(1) to pos{5)]. 
Hand = handedness (1-left/2=right). 
Pref = preferred menu selection method 

(l=keys/2=mouse). 
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Table A-6 

Dichotomous Representation of Survey Responses 

Id # Age Gen SAT Eth Edu Exp Comp Att Hand Pref 

B A B A B A B A B A B A B A B A B A B A B A 

1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 
1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 1 0 1 1 1 1 
1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 0 1 0 1 0 1 1 1 0 1 0 1 0 1 0 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 0 1 1 -1 -1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 
1 1 1 1 1 1 -1 -1 1 1 1 0 1 0 1 1 1 0 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 0 1 1 -1 -1 1 1 1 1 -1 -•1 1 0 1 1 1 1 1 1 
1 1 1 1 1 1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 3 3 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 
1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 -1 -1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 
1 1 1 1 1 0 -1 -1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 
1 1 1 1 1 1 1 0 1 1 1 1 -1 -•1 1 1 -1 --1 1 1 1 1 
1 1 1 1 1 1 -1 -1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 
1 1 1 1 1 1 -1 -.1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 -1 -.1 1 1 1 1 -1 -•1 1 1 1 1 1 1 1 1 

Notes. Treatment = passage of one week of time. 
B = before treatment. 
A = after treatment. 
Id number = last 5 digits of social security number 
Age = age last birthdate. 
Gen = gender (1=M/2=F). 
SAT = SAT score or ACT score. 
Eth = ethnicity (l=Bl/2=Hisp/3=Wh/4=Asian/5=Other). 
Edu = years of education to the nearest year. 
Exp = approx. months of computer experience. 
Comp = computer with which experienced 

(0=none/l=Mac/2=IBM/3=both Mac&IBM). 
Att = attitude toward computer technology 

[neg(l) to pos(5)]. 
Hand = handedness (l=left/2=right). 
Pref = preferred menu selection method 

(l=keys/2=mouse). 
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Table A-7 

Summary of Survey Data 

Id Age Sex Scor Eth Yed Exp Typ Att Hnd Prf 

A02 20 2 -1 3 15 5 1 3 2 2 
A04 24 1 1290 3 14 12 3 5 1 2 
AO 5 19 2 1280 3 13 48 2 3 2 1 
AO 6 21 2 1010 2 15 96 1 3 2 2 
A07 22 2 -1 3 15 60 3 5 2 1 
A08 31 2 -1 2 16 12 2 4 2 2 
A09 23 1 -1 3 13 0 0 3 2 1 
A10 21 2 880 3 15 200 3 5 2 1 
A12 20 2 -1 3 13 1 2 4 2 2 
A14 18 2 880 3 12 10 1 5 2 -1 
A15 28 2 -1 3 15 110 2 5 2 1 
A16 19 2 1020 3 12 6 1 4 2 -1 
A17 28 1 1290 3 16 0 0 4 2 1 
A18 22 2 -1 3 16 36 2 1 2 2 
A19 23 1 1000 3 15 36 2 5 2 2 
A21 20 2 -1 3 14 1 2 4 2 2 
A22 20 2 -1 3 15 1 2 3 2 2 
A23 18 1 1250 3 12 7 2 5 2 -1 
A25 20 2 -1 3 13 1 2 4 2 2 
A2 6 20 2 -1 3 14 1 2 3 2 1 
A27 21 2 -1 3 15 1 2 4 2 1 
A3 0 24 1 1170 3 13 72 2 4 2 -1 
A31 22 2 840 3 13 72 2 4 2 2 
A3 2 23 2 -1 3 14 1 • 2 3 2 2 
A3 4 21 2 850 3 15 48 3 5 2 2 
A3 6 24 2 -1 3 15 36 3 3 2 -1 
B03 39 1 -1 3 15 125 2 4 2 1 
B04 38 2 -1 3 15 1 3 3 2 1 
BOS 25 2 900 3 16 60 3 3 1 2 
B06 20 2 890 3 14 36 3 5 1 -1 
B07 19 1 926 3 13 24 1 5 2 1 
B09 23 2 -1 3 14 24 1 5 2 -1 
BIO 20 1 990 3 15 3 2 5 1 2 
B14 19 2 1000 3 13 10 2 4 2 2 
B16 20 2 -1 3 14 1 2 3 2 2 
B17 19 2 -1 3 13 5 1 4 2 2 
B18 20 2 -1 3 13 5 2 3 2 1 
B2 0 20 1 -1 3 13 25 2 3 2 -1 
B21 19 2 970 3 13 25 3 3 2 1 
B22 21 2 1050 3 15 6 2 4 2 1 
B3 0 18 1 950 3 12 9 2 3 2 2 
B32 20 1 -1 3 14 78 2 5 2 1 
B34 35 2 -1 1 15 1 2 2 2 -1 

(Continued on next page) 
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Id Age Sex Scor Eth Yed Exp Typ Att Hnd Prf 

C01 45 2 -1 3 17 30 2 4 2 1 
C02 20 2 1250 3 14 20 2 5 1 1 
C03 20 2 1040 1 14 4 3 3 2 -1 
C04 27 2 -1 3 16 1 2 5 2 1 
C06 21 2 850 3 15 0 2 4 2 1 
C07 36 2 -1 3 14 60 1 5 2 1 
C08 19 2 1100 3 13 24 2 4 2 1 
C09 28 2 -1 3 15 6 2 5 2 1 
Cll 19 2 780 3 13 1 2 5 2 2 
C12 27 2 -1 3 14 48 2 3 2 1 
C13 19 1 870 2 13 3 1 5 2 2 
C14 19 2 900 3 13 1 2 2 2 1 
C15 19 2 900 3 13 20 2 5 2 2 
C16 19 2 960 3 13 12 2 5 2 1 
C17 23 2 989 3 16 1 2 4 2 1 
C18 25 2 -1 3 14 4 2 3 1 1 
C19 20 2 870 3 14 36 2 3 2 1 
C2 0 19 2 -1 3 13 36 2 3 2 1 
C24 21 2 -1 3 15 24 2 4 2 1 
C25 21 1 1210 3 15 36 1 4 1 -•1 
C2 6 20 2 950 3 15 0 2 4 2 1 
C28 20 2 900 3 14 12 2 3 1 1 
C30 ' 21 2 950 8 15 24 2 3 1 -1 
C31 20 1 1050 3 14 5 2 5 2 1 
C33 19 2 1050 3 13 1 2 3 2 1 

Notes. 
-1 = missing datum. 
Id = case identifier. 
Age = age of subject. 
Sex = gender of subject (l=male/2=female). 
Scor = SAT or SAT equivalent for ACT score. 
Eth = ethnicity (l=Black/2=Hispanic/3=White/4=Asian/ 

5=Pacific Islander/6=Native American/7=Other/ 
8=Prefer not to respond). 

Yed = years of formal education. 
Exp = number of months of computer experience (at least 

one hour/day for 4 weeks at 5 days/week = 1 month 
experience). 

Typ = type of computer platform with which most experienced 
(l=Macintosh/2=IBM or IBM compatible/3=approximately 
the same experience with both platforms). 

Attitude =* attitude toward computer technology on a scale of 
1 to 5 (1 as negative to 5 as positive). 

Hnd = handedness (l=left/2=right). 
Prf = preference of keys or mouse clicks (l=key(s)/2=mouse). 
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Item 
Less than 
8 months 

More than 
7 months 

Groups 
Combine 

N 31 37 68 
Mean age 22.1 22.9 22.6 
Sex 

Males 6 9 15 
Females 25 28 53 

Mean SAT score 1006 999 1001 
Median SAT score 1005 950 970 
Range on SAT score 510 450 510 
Standard deviation 140.4 144.1 140.8 
Variance 19706 20770 19820 
Ethnic 

Black 2 0 2 
Hispanic 1 2 3 
White 28 34 62 
Prefer no response 1 0 1 

Years education 
12 years 2 2 4 
13 years 9 11 20 
14 years 7 9 16 
15 years 10 11 21 
16 years 3 3 6 
17 years 0 1 1 

Months of computer 
experience (at 
least one hr/da) 

0 - 3 21 21 
4 - 7 10 10 
8 - 1 6 7 7 
17 - 25 9 9 
26 - 34 1 1 
35 - 43 7 7 
44 - 52 3 3 
more than 52 10 10 

Platform with which 
experienced 

None 2 0 2 
Macintosh 4 6 10 
IBM or compatible 23 23 46 
Both equal 

(Continued on next page) 
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Table A-8 (continued) 

Demographics of University of North Texas Subjects 

Less than More than Groups 
Item 8 months 7 months Combined 

Attitude (0-neg/5-pos) 
Less than 3 2 1 3 
Three 11 12 23 
Greater than 3 18 24 42 

Handedness 
Left 2 7 9 
Right 2 9 3 0 59 

Preferred menu 
selection method 

Keys 16 18 34 
Mouse click 11 11 22 
No response 4 8 12 
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Table A-9 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with Less Than 8 Months of Computer Experience -
Method 1. 

Trt Case Exp Size Tky Tmc Tky/Tmc 

Pre A02 5 16093 322 708 0. ,45 
Post A02 2132 22 222 0. ,10 
Pre AO 9 0 20704 570 793 0. ,72 
Post AO 9 2953 78 51 1. ,53 
Pre A12 1 1969 25 95 0. ,26 
Post A12 5715 11 312 0. ,04 
Pre A16 6 3822 158 0 0. .00* 
Post A16 3496 148 0 0. ,00* 
Pre All 0 1336 72 24 3 . ,00 
Post All 2700 211 24 8, .79 
Pre A21 1 2686 130 47 0. . 00* 
Post A21 1256 59 0 1, .00* 
Pre A22 1 5901 44 254 0. .17 
Post A22 488 5 85 0 , .06 
Pre A23 7 6223 345 0 0 . .00* 
Post A23 382 39 0 0, .00* 
Pre A25 1 913 50 7 0, . 00* 
Post A25 926 42 0 1. .00* 
Pre A2 6 1 13642 151 345 0, . 00* 
Post A2 6 1289 51 0 1. .00* 
Pre A27 1 21419 37 1095 0 , .03 
Post A27 1862 17 133 0, .13 
Pre A3 2 1 2897 2 257 0, .01 
Post A3 2 1450 10 126 0, .08 
Pre B04 1 3052 64 273 0, .23 
Post B04 2187 15 130 0, .12 
Pre BIO 3 6564 175 198 0, .88 
Post BIO 5489 10 183 0. .05 
Pre B16 1 11796 319 311 1, .03 
Post B16 1934 8 49 0, .16 
Pre B17 5 6588 227 6 0, . 00* 
Post B17 1988 66 0 1, .00* 
Pre B18 5 15676 505 0 0 . 00* 
Post B18 2704 116 0 0, .00* 
Pre B22 6 4667 227 0 0 .00* 
Post B22 1745 55 0 0 . 00* 
Pre B34 1 4810 58 344 0 . 17 
Post B34 3190 50 444 0 .11 

(Continued on next page) 
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Table A-9 (continued) 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with Less Than 8 Months of Computer Experience -
Method 1 

Trt Case Exp Size Tky Tmc Tky/Tmc 

Pre C03 4 256 2 1 2 . 00 
Post C03 1280 24 169 0 . ,14 
Pre C04 1 436 4 121 0. ,03 
Post C04 1240 0 197 0. ,00 
Pre C06 0 5217 192 29 6. ,62 
Post C06 2075 72 1 72 . ,00 
Pre C09 6 1767 44 42 1. ,05 
Post C09 3411 192 12 16. .00 
Pre Cll 1 1136 15 31 0. .48 
Post Cll 66 4 16 0. .25 
Pre C13 3 2396 22 157 0, .14 
Post C13 2048 10 130 0, .08 
Pre C14 1 6688 18 487 0 . .04 
Post C14 1032 0 120 0, .00 
Pre C17 1 5938 159 0 0. .00* 
Post C17 2678 82 0 0, .00* 
Pre C18 4 4563 252 4 0, .00* 
Post C18 2806 134 0 1. . 00* 
Pre C2 6 0 2968 133 0 0 . 00* 
Post C26 2448 128 0 0 .00* 
Pre C31 5 6367 309 0 0 .00* 
Post C31 1707 69 " 0 0 .00* 
Pre C33 1 3456 i5 235 0 .06 
Post C33 1628 1 116 0 .01 

Notes. 
* Value assigned 

preference. 
to reflect direction of change in 

Trt = treatment (time). 
Pre = pretest. 
Post = posttest. 
Exp = months of computer experience. 
Size = total number of characters (all computer activity). 
Tmc = main menu selection by mouse. 
Tky = main menu selection by keys. 
Tky/Tmc = mean user rate adjusted for sign test (method 1) 
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Table A-10 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with More Than 7 Months of Computer Experience -
Method 1 

Trt Case Exp Size Tky Tmc Tky/Tmc 

Pre A04 12 11787 409 0 0 . 00* 
Post AO 4 3470 47 0 0 . 00* 
Pre AO 5 48 5696 259 16 0 .00* 
Post AOS 456 21 0 1 .00* 
Pre AO 6 96 18289 2535 9 0 . 00* 
Post AO 6 1181 42 0 1 .00* 
Pre A07 60 11395 257 629 0 .41 
Post A07 1533 8 44 0 .18 
Pre AO 8 12 20337 477 48 1 . 00* 
Post AO 8 8687 0 143 0. .00* 
Pre A10 200 3118 294 3 0. .00* 
Post A10 1087 75 0 1, .00* 
Pre A14 10 4170 215 0 0, .00* 
Post A14 253 24 0 0 .00* 
Pre A15 110 8529 361 0 0, .00* 
Post A15 5254 416 0 0, . 00* 
Pre A18 36 4220 35 189 0, .19 
Post A18 1169 91 16 5. .69 
Pre A19 36 1085 80 57 1, .40 
Post A19 1575 4 180 0, .02 
Pre A3 0 72 10386 33 570 0. .06 
Post A3 0 312 2 25 0 . . 08 
Pre A31 72 1679 32 130 0. .25 
Post A31 1449 12 42 0. ,29 
Pre A3 4 48 1580 97 1 0. .00* 
Post A3 4 483 70 0 1. . 00* 
Pre A3 6 36 9240 854 0 0. .00* 
Post A3 6 9044 78 0 0 . , 00* 
Pre B03 125 3495 62 167 0. ,37 
Post B03 1093 7 184 0. ,04 
Pre B05 60 19232 215 1274 0. , 17 
Post BOS 1703 8 138 0. , 06 
Pre B06 36 2205 109 0 0. ,00* 
Post B06 1459 89 0 0. ,00* 
Pre B07 24 12401 654 19 0. ,00* 
Post B07 2527 1 0 1. ,00* 
Pre B09 24 17953 618 0 0. 00* 
Post B09 3107 124 0 0. 00* 
Pre B14 10 2514 126 8 0. 00* 
Post B14 1859 112 0 1. 00* 

(Continued on next page) 
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Table A-10 (continued) 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with More Than 7 Months of Computer Experience -
Method 1 

Trt Case Exp Size Tky Tmc Tky/Tmc 

Pre B2 0 25 10225 17 611 1. ,00* 
Post B2 0 1674 0 21 0. ,00* 
Pre B21 25 3698 176 0 0. ,00* 
Post B21 1456 48 0 0. ,00* 
Pre B3 0 9 7408 637 0 0 . ,00* 
Post B3 0 1659 130 0 0 . .00* 
Pre B32 78 4063 85 258 0. ,33 
Post B32 2151 101 25 4. ,04 
Pre C01 30 10090 639 0 0. ,00* 
Post C01 1547 141 0 0. . 00* 
Pre C02 20 2101 33 84 0. .39 
Post C02 512 2 26 0. .08 
Pre C07 60 1682 172 0 0. .00* 
Post C07 1908 92 0 0. .00* 
Pre C08 24 3497 437 13 33 . .62 
Post C08 2427 109 2 54. .50 
Pre C12 48 5945 30 329 0. .09 
Post C12 1746 3 162 0, .02 
Pre C15 20 2656 258 2 0, .00* 
Post C15 1293 72 0 1, .00* 
Pre C16 12 9460 434 6 0. .00* 
Post C16 1715 82 0 1, .00* 
Pre C19 36 15474 358 231 0, .00* 
Post C19 2472 51 0 1, .00* 
Pre C20 36 12648 483 57 0. .00* 
Post C20 3598 140 0 1. .00* 
Pre C24 24 4029 237 0 0. .00* 
Post C24 1732 116 0 0, .00* 
Pre C25 36 2882 187 0 0. . 00* 
Post C25 2120 112 0 0 , . 00* 
Pre C28 12 2674 156 0 1, . 00* 
Post C28 3505 137 19 0, . 00* 

(Continued on next page) 
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Table A-10 (continued) 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with More Than 7 Months of Computer Experience -
Method 1 

Trt Case Exp Size Tky Tmc Tky/Tmc 

_ _ ___ __ 1 1 2 6 0 5 0.00*' 
Post C30 1489 133 0 0.00* 

Notes. 
* Value assigned to reflect direction of change in 

preference. 
Trt = treatment (time). 
Pre = pretest. 
Post = posttest. 
Exp = months of computer experience. 
Size = total number of characters (all computer activity) 
Tmc = main menu selection by mouse. 
Tky = main menu selection by keys. 
Tky/Tmc = mean user rate adjusted for sign test (method 1 
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Table A-ll 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with Less Than 8 Months of Computer Experience -
Method 2 

Trt Case Exp Size Ttlk Mc Ttlk/Mc 

Pre A02 5 16093 512 2432 0 .21 
Post A02 2132 96 737 0 .13 
Pre A09 0 20704 1347 2470 0 .55 
Post AO 9 2953 165 205 0 .80 
Pre A12 1 1969 29 604 0 .05 
Post A12 5715 15 1197 0 .01 
Pre A16 6 3822 481 0 0 .00* 
Post A16 3496 484 0 0 .00* 
Pre A17 0 1336 90 37 2 .43 
Post A17 2700 275 65 4 .23 
Pre A21 1 2686 544 114 0 . 00* 
Post A21 1256 208 0 1, .00* 
Pre A22 1 5901 54 1199 0. .05 
Post A22 488 5 262 0, .02 
Pre A23 7 6223 744 0 0, . 00* 
Post A23 382 69 0 0, . 00* 
Pre A25 1 913 258 7 0. . 00* 
Post A25 926 152 0 1. .00* 
Pre A2 6 1 13642 685 557 0. .00* 
Post A2 6 1289 263 0 1, . 00* 
Pre A27 1 21419 71 3963 0. .02 
Post A27 1862 17 534 0. .03 
Pre A3 2 1 2897 2 1302 0. .00 
Post A3 2 1450 12 464 0. .03 
Pre B04 1 3052 97 384 0. .25 
Post B04 2187 27 197 0. ,14 
Pre BIO 3 6564 538 306 1. .76 
Post BIO 5489 22 262 0. ,08 
Pre B16 1 11796 735 873 0. ,84 
Post B16 1934 12 74 0. ,16 
Pre B17 5 6588 1522 9 0. .00* 
Post B17 1988 584 0 1. ,00* 
Pre B18 5 15676 2167 0 0. 00* 
Post B18 2704 510 0 0 . 00* 
Pre B22 6 4667 630 0 0. 00* 
Post B22 1745 224 0 0. 00* 
Pre B34 1 4810 188 1199 0. 16 
Post B34 3190 237 861 0. 28 

(Continued on next page) 
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Table A-ll (continued) 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 

Method 

Trt 

2 

Case Exp Size Ttlk Mc Ttlk/Mc 

Pre C03 4 256 7 3 2 . ,33 
Post C03 1280 69 228 0. ,30 
Pre C04 1 436 8 190 0. ,04 
Post C04 1240 0 278 0. ,00 
Pre COS 0 5217 1069 44 24. ,30 
Post C06 2075 534 1 534. .00 
Pre C09 6 1767 136 75 1. .81 
Post C09 3411 721 18 40, ,06 
Pre Cll 1 1136 16 51 0. .31 
Post Cll 66 4 33 0. .12 
Pre C13 3 2396 40 261 0, .15 
Post C13 2048 13 190 0. .07 
Pre C14 1 6688 18 718 0 , . 03 
Post C14 1032 0 191 0 , .00 
Pre C17 1 5938 890 0 0. .00* 
Post C17 2678 782 0 0, .00* 
Pre C18 4 4563 957 29 0, .00* 
Post C18 2806 705 0 1. .00* 
Pre C26 0 2968 655 0 0 . 00* 
Post C2 6 2448 593 0 0, .00* 
Pre C31 5 6367 1001 0 0, . 00* 
Post C31 1707 282 0 0, .00* 
Pre C33 1 3456 48 371 0 .13 
Post C33 1628 4 166 0. .02 

Notes. 
* Value assigned to reflect direction of change in 
preference. 
Trt = treatment (time). 
Pre = pretest. 
Post = posttest. 
Exp = months of computer experience. 
Size = total number of characters (all computer activity). 
Ttlk = total key activity having to do with menus. 
Mc = total mouse activity having to do with menus. 
Ttlk/Mc = mean user rate adjusted for the sign test (method 
2) . 
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Table A-12 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with More Than 7 Months of Computer Experience -
Method 2 

Trt Case Exp Size Ttlk Mc Ttlk/Mc 

Pre A04 12 11787 1322 0 0. 00* 
Post A04 3470 220 0 0. 00* 
Pre AOS 48 5696 1119 23 0. 00* 
Post A05 456 108 0 1. 00* 
Pre AO 6 96 18289 2735 20 0. ,00* 
Post AO 6 1181 104 0 1. ,00* 
Pre A07 60 11395 925 3035 0. ,30 
Post A07 1533 53 186 0. ,28 
Pre AO 8 12 20337 1907 87 21. ,92 
Post A08 8687 2 196 0. ,01 
Pre A10 200 3118 834 18 0. ,00* 
Post A10 1087 236 0 1. ,00* 
Pre A14 10 4170 885 0 0. . 00* 
Post A14 253 117 0 0. ,00* 
Pre A15 110 8529 1482 0 0. , 00* 
Post A15 5254 1706 0 0. .00* 
Pre A18 36 4220 100 594 0. ,17 
Post A18 1169 218 67 3 . ,25 
Pre A19 36 1085 196 175 1. .12 
Post A19 1575 4 333 0, , 01 
Pre A3 0 72 10386 46 1058 0. .04 
Post A3 0 312 3 48 0. .06 
Pre A31 72 1679 73 603 0, .12 
Post A31 1449 43 203 0. .21 
Pre A3 4 48 1580 488 1 0 . . 00* 
Post A3 4 483 304 0 1, . 00* 
Pre A3 6 36 9240 1781 0 0, .00* 
Post A3 6 9044 173 0 0, .00* 
Pre B03 125 3495 235 265 0, .89 
Post B03 1093 7 281 0. .02 
Pre B05 60 19232 294 2073 0 .14 
Post BOS 1703 8 201 0. .04 
Pre B06 36 2205 413 0 0, .00* 
Post B06 1459 386 0 0 . 00* 
Pre B07 24 12401 2565 20 0. .00* 
Post B07 2527 444 0 1 . 00* 
Pre B09 24 17953 1637 0 0 . 00* 
Post B09 3107 388 0 0 . 00* 

(Continued on next page) 
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Table A-12 (continued) 

Mean User Rate - Menu Selection by Key Versus Mouse Clicking 
for Users with More Than 7 Months of Computer Experience -
Method 

Trt 

2 

Case Exp Size Ttlk Mc Ttlk/Mc 

Pre B14 10 2514 227 15 0, .00* 
Post B14 1859 167 0 1, . 00* 
Pre B2 0 25 10225 20 1149 0. .00* 
Post B20 1674 0 26 1. . 00* 
Pre B21 25 3698 326 0 0, .00* 
Post B21 1456 132 0 0 . . 00* 
Pre B3 0 9 7408 1377 0 0, .00* 
Post B3 0 1659 433 0 0. . 00* 
Pre B32 78 4063 234 444 .53 
Post B32 2151 293 41 7 . .15 
Pre C01 30 10090 1086 0 0, .00* 
Post C01 1547 436 0 0, . 00* 
Pre C02 20 2101 123 114 1. . 08 
Post C02 512 3 39 .08 
Pre C07 60 1682 342 0 0. .00* 
Post C07 1908 379 0 0, . 00* 
Pre C08 24 3497 629 29 21. .69 
Post C08 2427 219 11 19. .91 
Pre C12 48 5945 103 1382 .07 
Post C12 1746 4 471 .01 
Pre C15 20 2656 315 3 0. .00* 
Post C15 1293 84 0 1. .00* 
Pre C16 12 9460 2404 10 0. .00* 
Post C16 1715 542 0 1. . 00* 
Pre C19 36 15474 1973 332 0. .00* 
Post C19 2472 491 0 1. .00* 
Pre C20 36 12648 1552 118 13 . .15 
Post C20 3598 632 1 632 . ,00 
Pre C24 24 4029 647 0 0. .00* 
Post C24 1732 367 0 0. , 00* 
Pre C25 36 2882 630 0 0. . 00* 
Post C25 2120 346 0 0. .00* 
Pre C28 12 2674 546 0 1. ,00* 
Post C28 3505 574 23 0. ,00* 
Pre C30 24 11260 956 0 0. , 00* 
Post C3 0 1489 145 0 0 . , 00* 

Continued on next page) 
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Table A-12 (continued) 

Notes. 
* Value assigned to reflect direction of change in 
preference. 
Trt = treatment (time). 
Pre = pretest. 
Post = posttest. 
Exp = months of computer experience. 
Size = total number of characters (all computer activity) 
Ttlk = total key activity having to do with menus. 
Mc = total mouse activity having to do with menus. 
Ttlk/Mc = mean user rate adjusted for the sign test 
(method 2). 
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COMPUTER USER SURVEY - Form 1 

Please DO NOT put your name on this survey form. Thank you 

IMPORTANT: This survey form is to be completed BEFORE using 
the specialized software the first time. 

1. Last five (5) digits of your Social Security Number? 

Age (years 
at last 
birthdate)? 

SAT Score r-
(total)? i 

Gender (male or female)? 
Write 1 for male or 
write 2 for female. 

or ACT Score 
(composite)? 

Ethnicity (l=Black/2=Hispanic/3=White/4=Asian/ 
5=Pacific Islander/6=Native American/7=0ther/ 
8=Prefer not to respond)? 
Write 1, 2, 3, 4, 5, 6, 7, or 8. 

Years education completed (round to nearest 
whole year. H.S. diploma = 12, finished 
university freshman year = 13, etc.) 

Approximate number of months of computer 
experience. (At least one hour/day for 4 
weeks at 5 days/week = 1 month experiencei 

Of the two types of computers, Macintosh and IBM 
or IBM compatible, with which have you had the 
most experience? (0=none/l=Macintosh/2=IBM or IBM 
compatible/3=approximately the same experience 
with both of them)? Write 1, 2, or 3. 

Attitude toward computer technology on 
a scale of negative (1) to positive (5; 
(Write 1, 2, 3, 4, or 5.) 

neg pos 
1 2 3 4 5 

10. Hand with which you usually write 
(l=left/2=right). Write 1 or 2. 
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COMPUTER USER SURVEY - Form 2 

IMPORTANT: This survey form is to be completed AFTER using 
the specialized software the second time. 

1. Last five (5) digits of your Social Security Number? 

2. For selecting menu items which are represented by 
a single alpha key (A, a, B, b, C, c, etc.), numeric 
key (1, 2, 3, etc.), symbol key (!, @, #, etc.), 
function key (Fl, F2, F3, etc.), or two key i s 
combination (Alt F, Ctrl G, etc.). Which do ! j 
you prefer, pressing the key(s) or clicking on 1 1 

the symbol with a. mouse? (l=key (s)/2=mouse) 
Write 1 or 2. 

Thank you very much for your time!! 
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