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One idea common in the computer industry today is

that by the time a technological innovation reaches the

mass market it is already obsolete. News of recent techno-

logical developments race quickly through the computer in-

dustry, creating large scale competition among various bus-

inesses for the dollars of both educational institutions

and industries. In an effort to produce sophisticated and

powerful software readily accessible to users whose area of

expertise is not programming, software developers have in-

creasingly turned toward the simplest form of language and

concept representation--the icon.

As icons become increasingly sophisticated and their

function grows, so will their availability in various in-

terfaces. The number of users who operate them will also

increase. Advanced help systems and animation will assist

in relieving some difficulties while creating others. In

either case, icon recognizability will be a crucial factor

for anyone (novice or expert) who will use them.

The purpose of this study was to verify whether all

users unfamiliar with a graphical user interface (GUI)

system, specifically icons, will require assistance with
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those icons that are unrecognizable in either form or func-

tion.

Based on the results of this study, an icon recogniz-

ability does exist among different groups of computer

users. This recognizability is based upon the experience

of the users and not upon the type of software they may use

most often.
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CHAPTER 1

INTRODUCTION

One idea common in the computer industry today is

that by the time a technological innovation reaches the

mass market it is already obsolete. News of recent tech-

nological developments quickly race through the computer

industry, creating large scale competition among various

businesses for the dollars of both educational institutions

and industries. In an effort to produce sophisticated and

powerful software readily accessible to users whose area of

expertise is not programming, software developers have in-

creasingly turned to the simplest form of language and con-

cept representation--the icon.

As graphic and programming capabilities have flour-

ished, icons have increased in their versatility as inter-

faces in certain software applications. Easily identifi-

able icons--or any picture for that matter--tend to catch

the eye, pique the viewer's interest, and become part of

that person's store of experiences to be drawn upon and

used in the future. According to Lamberski and Dwyer

(1983) "extensive research in the field of visual education

has established that visual aids, when used to complement

6
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instruction, improve learner achievement" (p. 9). The edu-

cation and training in the use of icons as a form of visual

aid in software continues to prove a promising venue for

further research. Specific issues that bear examination as

part of icon use are the need for icon recognition and for

icon helps to be available if an icon is unrecognizable or

its function is not known.

Problem Background

In 1981, the introduction of Xerox's 8010 Star Inform-

ation System began the use of the graphical user interface

(GUI). The Star was intended to be a user friendly, icon

based, workstation.

Making software easy to use is pure art. But, as more
people use computers, user friendly design is becoming
crucial to success. Somewhat ironically, the inspira-
tion for much of today's most successful and user
friendly software was a commercial flop [sic]: the
Star workstation developed at Xerox's Palo Alto Re-
search Center (PARC) ("Soft Solutions," 1988,
pp.16-17).

This, however, did not keep the Apple company from

producing the Lisa in 1983 and the MacIntosh in 1984, both

computer systems extensively employing GUIs in order to

simplify their use. GUIs consist mainly of windows,

icons, menus, and pointers (WIMP). These specially de-

signed means of accessing a computer and various software

programs were created to make computer learning easy and

enjoyable by eliminating the need to remember specific

miftw ;w llll, I ''. I fp l 1. 1 1. 1 loil'i W. - --



8

commands, keystrokes, or combinations of keys in order to

accomplish a given computer task. Icons, in particular,

were created in order to promote learning through the sen-

sory mode. The designers of the Star workstation believed

that everything needed to be in front of the one using the

computer screen. By providing this visual representation,

"the display screen relieves the load on the short term

memory by acting as a sort of 'visual cache'. Thinking

becomes easier and more productive. A well designed com-

puter system can actually improve the quality of your

thinking" (Smith, Irby, Kimball, & Verplank, 1982, p.

260). This thinking in terms of pictures has been

explored by several others studying computer technology:

Easterby (1970), Lodding (1983), Nadin (1988), and

Johnson-Laird (1988) wrote that learning occurs from

previously laid down memory traces or associations.

Icons, therefore, are used to facilitate the recall of

connections between things previously encountered and

their perceived function. Others, however, find that "as

systems become more sophisticated, and as functionality

continues to expand, interfaces become more complex, some-

times arcane and even bizarre. They are often neither

easy to learn nor easy to use" (Baecker, Small, & Mander,

1991, p. 1). GUIs that are supposedly easy to use have

posed difficulties for both novice and expert computer

users, problems ranging from complaints of frustration

- -
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with the lack of consistency to having inadequate avail-

able online help systems and abstract or ambiguous pic-

tures (Whiteside, Wixon, & Jones, 1988 & Krull, 1985).

Slow response time was one of the reasons the Xerox Star

failed. "The display could not always keep up with

typing, and requests for explanation (the 'help' system)

sometimes took so long that a user could go for a cup of

coffee while waiting for an answer to even the simplest

question" (Norman, 1988, p. 181).

In order to prevent user frustration and perhaps even

product dismantling, two important factors must be kept in

mind when designing an icon based system: the meaning of

the icon and the experience of the potential users.

Ideally, the meaning of an icon should be obvious to
experienced users of a system, and also be evocative
and self evident to new users. Many icons fail to
meet the former criterion; most fail to meet the
latter criterion. (Baecker, et.al, 1991, p. 2)

In cases where the icon is not intuitively recognized

as its designer believes, a good online help system is

essential. In discussing this type of help system, a dis-

tinction needs to be made between a command based help

system and an icon based help system. A command based

online help system would allow the user to choose the help

function and to go immediately to the function in question

or to a list of functions and terms from which to choose.

An iconic online help system should be somewhat dif-

ferent. This type of help function could be termed a
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'pictionary,' directly presenting a picture of the icon

accompanied by a short description of its use (Danuloff, &

Abernathy, 1991). This type of system would allow both

the icon software novice and the computer novice to learn

a new system or to move smoothly from one type of system

to another (i.e., command to icon based).

Having a more detailed help system is becoming a real-

ity and has been included in products recently released.

In addition to this focus on helps, software interface

designers are investigating interfaces that go beyond a

help system. Both Alpert (1991) and Baecker, et al.

(1991) described research projects dealing with animated

icons which would allow the user to choose the icon and

view it as it goes through a series of frames depicting

its function. These animated icons, however, produce some

of the same types of problems as the static (non-moving)

icons and raise additional concerns specially related to

their use.

As icons become increasingly sophisticated and their

functionality grows, so will their availability in various

interfaces and in the number of people using them to oper-

ate computer systems. Advanced help systems and animation

may relieve some difficulties while creating others. In

either case, icon recognizability will be a crucial factor

for anyone (novice or expert) who will have to use them.

Potosnak (1988) suggested: "Make icons easy to
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understand. The meaning of icons must be learned. What

is obvious to the designer may not be obvious to the user"

(p. 98).

Statement of Problem

The problem is to examine the recognizability of a set

of icons among four different groups of computer users.

Purpose of the Study

The purpose of this study is to verify the notion that

all users unfamiliar with a GUI system, specifically

icons, will require assistance with those icons that are

unrecognizable in either form or function. Logically,

both text/command and icon based novice users will require

help most often because their recognition of the icons and

text/commands are presumed to be the lowest among the four

groups. More expert icon based users will need the help

function as well, but not as frequently as the novice,

having already set up a frame of reference for the icon

form and its function. What is problematical is the fre-

quency with which the expert text/command user will access

the help function on an icon based system or software

package. It would seem to follow that expert text/command

users, by having the ability to assign a preconceived

function to a newly presented form, would readily transfer

their text/command based user skills to an icon based

-. -
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system. This study seeks to discover whether or not this

is the case. New, advanced GUIs with an increasing var-

iety of icons and functionality now challenge the original

belief that learning to use an icon based system would

take only a fraction of the time as a text/command

system. This relationship will be measured by using the

Icon Recognizability Survey and by performing a two-way

ANOVA on the data obtained from each group.

Research Question and Hypotheses

Research Question: Are there any significant differ-

ences between the recognition of icons among four differ-

ent computer groups who use different types of software

(icon vs. text/command) and the amount of time they have

used it (novice vs. expert)?

Hypothesis 1

It is the hypothesis of this study that novice text

users will select the incorrect icon in each of the given

test groups significantly more often than expert icon

based software users.

Hypothesis 2

It is the hypothesis of this study that novice icon

users will select the incorrect icon in each group

significantly more often than expert icon based software

users.

: 
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Hypothesis 3

It is the hypothesis of this study that expert text

users will select the incorrect icon in each group as fre-

quently, or more so, than the novice icon based software

users.

Significance of the Study

The significance of the proposed study is two-fold,

addressing both educational and technological issues. If

the study shows that novice icon based computer software

users need additional assistance in using icon based soft-

ware, it would set up a basis for teachers and trainers to

use in preparing lesson plans for users of such software.

It would indicate that perhaps icons are not intuitively

understood and that teacher assistance could be required

in using icon based software. Nadin (1988) discussed how

helps may be of some assistance to the novice while becom-

ing a hindrance to the expert. Cross (1990) pointed out

that there needs to be a base already present in order to

establish a cognitive connection. If the study shows the

hypothesis to be incorrect, then icon based training may

be a way to teach and train without a live teacher pre-

sent. Icons would be well designed with appropriate helps

available.

The significance of this study from a technological

perspective is that both the designing of such software

_, ,
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and its increased production can enhance educational and

training situations. If there proves to be a positive and

significant difference between the four groups, that would

indicate to software designers the need for well construc-

ted and designed icons. Secondly, it would show a genuine

need for iconic helps to be part of any software that re-

lies heavily on icon use to manipulate various functions.

If the study showed the opposite to be true, a slow but

steady proliferation of icon based software would contri-

bute to continued future growth. In either case, this

study can be a valuable addition to the computer

software literature base and to research knowledge.

Definition of Terms

The following terms, for the purpose of this study,

are defined:

Icons: "are pictographic symbols which are used as

part of the dialogue in order to represent processes and

data in the computer" (Gittins, 1986, P. 523).

Cognition: "all the processes by which sensory input

is transformed, reduced, elaborated, stored, recovered,

and used" (Bailey, 1982, p. 97).

Novice 1: any person who uses the icon based software

less than five hours per week.

Novice 2: any person who uses text/command based

software less than five hours per week.

powwow*
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Expert 1: any person who uses icon based software

more than 10 hours per week.

Expert 2: any person who uses text/command based

software more than 10 hours per week.

6 
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CHAPTER 2

LITERATURE REVIEW

Today's computer icons are only new in the sense that

they have become an integral part of the technological

world. Icons, however, have been used as a form of com-

munication for thousands of years and were among the first

types of writing to have been found. Hieroglyphics and

pictographs were the main form of communication and art

among the earliest known civilizations as illustrated by

the cave paintings of Paleolithic man, the symbolic Chinese

alphabet, and the pottery of the North American Indians.

It is, of course, paradoxical that man has used picto-
graphic and iconic recording (which was followed by the
development of alphabets and language) and now, with
increasingly complex technology, he must revert to sym-
bolic representation. (Easterby, 1970, p. 149)

According to Laurel Gasque (1988) "the term 'icon'

comes from eikon, which is used in the Septuagint "Genesis"

1:21-27, in reference to the first human being as made ac-

cording to the image of God" (p. 571). Gittens (1986)

stated: "In human computer-interaction (HCI), 'icons' are

pictographic symbols which are used as part of the dialogue

in order to represent processes and data in the computers"

(p. 523). Some of the early attempts at producing computer

16
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software icons occurred with the Bravo text editor, the

Smalltalk system, the Xerox Star, the Apple Lisa, and the

MacIntosh systems. These icons were intended to exemplify

pictorial representations of some action and to be more

understandable to new users of the software as well as to

users of computers in general. Marcus (1982) and Nadin

(1988) both pointed out the importance of the human com-

puter interface. Even though the technology becomes more

powerful and sophisticated, the interface must remain

friendly, comprehensible, and effective (Marcus, 1984). In

order to achieve these three goals, an examination of

design interface structures and a knowledge of cognitive

theories involving perception are necessary.

User interface design is a very difficult business. It
combines two awkward disciplines: psychology and com-
puter science. These disciplines have very different
cultural backgrounds: psychology is concerned with
people; computer science with computer machinery. Psy-
chologists are supposedly sympathetic and understand-
ing; computer scientists are supposedly mathematical
and precise. Psychologists have enough trouble under-
standing people even when they are not using computers;
computer scientists have enough trouble getting pro-
grams to work when they are not being used by people.
Good user interface design requires these two perspec-
tives to be united.
(Thimbleby, 1990, p. 6)

The human-computer interface is a somewhat neglected

issue in educational software. The interface "must provide

an entry to the content domain of the program rather than

vice versa and ... it must be sensitive to the user's gen-

eral knowledge and/or developmental level" (Frye & Soloway,
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1987, p. 93). Olsen, Buxton, Ehrich, Kasic, Rhyne, and

Silbert, (1984), and Hollan, Hutchins, McCandless, Rosen-

stein, and Weitzman (1986) believed that a good human-com-

puter interface is essential to computer use and productiv-

ity and that in order to achieve this interface "just as in

the case with any other representational system employed by

people it is essential to understand the cognitive task the

system is attempting to support" (p. 9).

Recognition of the task at hand became a critical point

when designing the message system for the 1984 Olympics.

Following design principles in the building of a system

that could be used by all the Olympians as well as their

families and friends, the designers' strategy focused on

the users and their tasks at the very early stages of the

design phase of the project.

Designers must first understand who the users will be.
This understanding is determined in part by directly
studying their cognitive, behavioral, anthropometric
and attitudinal characteristics, in part by studying
the nature of the expected work to be accomplished, and
in part by making users part of the design team through
participative design or as consultants. (Gould, Boies,
Levy, Richards, & Schoonard, 1987, p. 758)

Shneiderman (1987) echoed this same concept: "All de-

signers should begin with an understanding of the intended

users, including profiles of their age, sex, physical abil-

ities, education, cultural or ethnic background, training,

motivation, goals and personality" (p. 53). Nadin (1988)

stated that when designing human-computer interfaces the

,. .
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designers should use theories that emanate from several

disciplines: "psychology, sociology, communication theory,

graphic design, and linguistics should all be considered"

(p. 45). Easterby (1970) wrote: "if we wish to establish

a usable sign set, it must be based on some systematic ra-

tionale, otherwise the user may well interpret signs dif-

ferently on successive occasions" (p. 150).

Users should be involved early in the design process so
that changes in the basic concept of the product can
still be made, if necessary. While there's a natural
tendency to wait for a good working prototype before
showing the product to anyone, this is too late for the
user to have a significant impact on design. (Apple,
1987, p. 15)

Marcus (1989) took the preceding arguments one step

further: Not only should there be a combination of know-

ledge from various disciplines, but there should also be a

realization that "the cultural rules, however, are the more

complex and less stable" (p. 25).

An additional part of the cognitive strategy must in-

volve the recognition of the concept of novices and ex-

perts, who may be classified as such in several ways: the

customary use of a particular hardware or software product;

the amount of computer use per day, week, etc.; how quickly

and accurately a certain task is performed; or by the mas-

tery of a specific action or piece of software. Nadin

(1988) and Cross (1990) further pointed out that the real

difference existing between a novice and an expert is the

ability to make connections from some previous knowledge

, . -
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base. Nadin (1988) stated: "Icons in the user interface

paradigm are representamina" (p. 48). Only when the user

can correctly connect this representamina with a real ob-

ject and its function is the connection complete and the

icon becomes of any value to the user.

Although experience is important, a semeiotic [sic]
property of computer aided activity is that, in order
to understand and use sign systems, a user has to bring
into the activity not only specialized knowledge, but
also comprehension skills gained from culture and gen-
eral education. Computer literacy is only part of
this comprehension. (Nadin, 1988, p. 81)

These base images consisting of various building blocks

or associations are considered to be the basis for all fu-

ture learning. Johnson-Laird, (1988), Nadin (1988), and

Cross (1990) all referred to the ability to learn new in-

formation based on the ability to connect it to some pre-

existing state of knowledge. "Associations are supposed to

be links in the brain that lead from one thing to another.

They can link the same stimulus to several alternative re-

sponses with differing probabilities that depend on the

strengths of the associative links" (Johnson-Laird, 1988.

p. 130). Arnheim (1974) stated that "the shape of an ob-

ject we see does not, however, depend only on its retinal

projection at a given moment. Strictly speaking, the image

is determined by the totality of visual experiences we have

had with that object, or that kind of object, during our

lifetime" (p. 49). Experiments performed by Standing,

Conezio, and Haber (1970) as well as Erdelyi, & Stein

« --
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(1981) showed subjects had a propensity for remembering and

recalling pictures with far better results than words. In

the Standing experiment "subjects were shown 2,560 photo-

graphic stimuli for 10 seconds each. Their recognition

memory was then tested, using a two-alternative forced

choice task. Performance exceeded 90%, indicating reten-

tion of over 2,000 items, even when up to 3 days elapsed

between learning and testing" (p. 73).

This recognition and memory recall of pictures over

words sets up an interesting dilemma: Do people think

first in pictures and then assign word tags or are words

stored away and not used until an appropriate picture is

sighted? Roger Shattuck (1985) posed the following ques-

tion:

Since people in the same culture appear to understand
one another through a set of linguistic signs that is
unique, yet similar to other such sets, does thought at
its deepest level observe a set of universal procedures
or laws shared by all human minds? In its most mature
stages, does human thought take place directly in
words? (p. 202)

So do words evoke images, or do images provide the need for

words to describe them?

Einstein (cited in Wertheimer, 1959) said, "These

thoughts did not come in any verbal formulation. I rarely

think in words at all. A thought comes, and I may try to

express it in words afterwards" (p. 228). Emerson (1982)

wrote "a man conversing in earnest, if he watch his intel-

lectual processes, will find that a natural image more or
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less luminous arises in his mind, contemporaneous with

every thought, which furnishes the vestment of the thought"

(p. 52). This adeptness for visualizing the word allows

the viewers to assign meaning to the image based on exper-

ience and background. Clearly, as stated by Raeder (1985),

"the human mind is strongly visually oriented, and that

people acquire [information] at a significantly higher rate

by discovering graphical relationships in complex pictures

than by reading text" (p. 12). In structuring these repre-

sentations in the form of an icon, Gittins (1986) suggested

several factors to consider such as the use of "technologi-

cal icons in preference to natural objects in order to re-

duce the problems of differences in interpretation due to

cultural variations" (p. 539). Thimbleby (1990) believed

"the purpose of computers is to benefit people and that the

people who should be benefitted from computers are the

users, and the people best able to help them to benefit are

the designers" (p. 2).

In order to derive these icon illusions, the designers

use and exploit metaphors using structures and forms or

shapes to which people are already accustomed and that are

quickly, sometimes universally, recognizable. Apple's 1987

computer user's book lists several items considered funda-

mental principles of design interface:

Use of plain concrete metaphors, so that the users have
a set of expectations to apply to computer environ-
ments.. ..Use of audio and visual effects when appro-
priate....Use of a recognition, not recall.... Applica-
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tions [that] are both consistent within themselves and
consistent with one another.....Users make mistakes;
forgive them. (pp. 3-8)

In performing picture/word studies, Smith and Magee (1980)

examined recall of words and pictures singularly and in

categories both with congruent and incongruent groupings.

It was found that "word catagorization suffered consider-

able disruption, whereas picture categorization was mini-

mally affected by the presence of an incongruent word" (p.

373). These findings indicate the possibility that pic-

tures may enhance individual performance.

An additional possible explanation of why graphics work

so well is that: "The extraction of meaning from a graphic

may be more automatic, more effortless, more inevitable

than the extraction of meaning from a word" (Muter & May-

son, 1986, p. 94). This is, of course, only true if the

icon is able to express that meaning accurately and con-

sistently. In order to carry out this idea designers need

to keep in mind that they are not designing for themselves

but for a bigger audience. Rheingold, after an interview

with Norman, wrote:

The designer is not the typical user--designers may
think of themselves as typical users, and maybe they
were before they started, but after they have thought
about the task for as long as you need to for proper
design, they are no longer typical, they can no longer
understand the average user: they know too much.
(Rheingold, 1990, p. 10)

Charles Sanders Pierce (see works edited by Burk, 1958)

wrote that these pictures could be broken up into three

.. _._
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categories: icons, indexes, and symbols. Pierce defined

an icon as "a sign which is determined by its dynamic ob-

ject by virtue of its internal nature....[an index as] a

sign which is determined by its dynamic object by virtue of

being in a real relation to it....[and a symbol as a sign

which] is determined by its dynamic object only in the

sense that it will be so interpreted. It thus depends

either upon a convention, a habit, or a natural disposition

of its interpretant or the field of its interpretant" (p.

228). Jervell and Olsen (1985), elaborating on Pierce's

definitions, wrote: "An icon has no dynamical connection

with the object it represents; it simply happens that its

qualities resemble those of that object, and excite analo-

gous sensations in the mind for which it is a likeness.

But it really stands unconnected with them" (p. 251). A

symbol, on the other hand, is something that begins from an

icon. It is through the transformation from icon to symbol

that people use an idea and a concept develops. An index

"is a sign which would, at once, lose the character which

makes it a sign if its object were removed, but would not

lose the character if there were no interpretant" (Jervell

& Olsen, 1985, p. 251). Using Pierce's definition of an

icon and a symbol, Jervill & Olsen (1985) explained:

In traffic signs, for instance, we have two types of
signs--Icons and symbols. The icon is meant to give a
representation, an idea, of what we can expect on the
road, an elk, a tunnel, a ferry quay. This picture
gives 'analogous sensations in the mind', but does not
assume that there really is an elk, for example. At

.. ,
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the same time, traffic signals are symbols, in the way
there there exists a rule for each sign in the highway
code, giving a description of what the sign stands
for. (p. 252)

Arnheim (1974) defined three image functions: picture,

symbol, and sign. These three functions can further be

associated with a specific style of design: The function

picture is matched with a pre-representational design, a

symbol with an abstract design, and a sign with an arbi-

trary design style (Lodding, 1983). A representational

icon, therefore, is one which represents a specific image

(such as, a knife, fork, and plate on a highway sign to

indicate a place to eat). An abstract sign presents a

concept which would be difficult to represent, (for

example, an umbrella encircled by a crossed circle

indicating something should not be allowed to get wet).

The third type, the arbitrary icon, is one developed for a

specific purpose but which has no other attached meaning,

(for example, the Red Cross emblazoned on certain military

vehicles and tents during time of war to indicate the

presence of wounded or of those rendering medical care).

Clearly, the choice of an icon and its design becomes

exceedingly important if it is to be a practical interface

between computer and user. One study, performed on ab-

stract and representational icons vs. word commands, found

that "abstract icons were searched and selected much faster

than both word command and representational icons" (Arend,

.
.
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et al., 1987, p. 411). According to Bailey (1982) "com-

patibility is an important factor in both performance and

user acceptance. Systems have sometimes failed to be

readily accepted simply because users refused to accept the

display" (p. 330). This user system compatibility may in-

dicate that pictures could enhance performance by indivi-

duals.

Graphics may work so well because "it is more automatic

and effortless to extract the meaning from a graphic than

to extract the meaning from a word" (Muter & Mayson, 1986,

p. 94). This is, of course, only true if the icon is able

to express meaning accurately and consistently. Software

designers, however, have thought that computer icons will

be intuitively understood by any user who sits before the

screen.

It is often assumed that observers should be able to
guess the meaning of symbols at first exposure. This
concept has little operational relevance except to in-
dicate the presence of transfer of training effects
(positive or negative) from one context to another.
Speed and accuracy of recall after suitable training
are far more reliable indices of symbol utility.
(Easterby, 1970, p. 150)

Color is another important part of icon design. Color,

along with form and shape, can have significant impact on

the effectiveness not only of the icon but also of the en-

tire software package. When one views an object, a certain

amount of light passes through the lens of the eye, and the

lens changes shape to focus an image. These images are in

__ _
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turn focused on the retina, which contains rods and cones.

Rods are utilized at night while cones are receptive to

daylight and to colors. The retina translates light waves

into neural impulses which travel up the optic nerve, meet

at the optic chiasm, and follow optic tracts to the occipi-

tal lobe of the brain. At that final destination, the

nerve impulses are translated into sight (Luckman & Soren-

sen, 1987). When processing the sensation of color, the

rods and cones both come into play. In the normal eye, the

cones are densely packed in the center of the eye, while

toward the periphery the rods increase and the cones dimin-

ish. This means most color is perceived at the center of

the eye. However, according to Galitz (1989) "yellows and

blues can be detected further into the periphery than reds

and greens. The very center of the retina is devoid of

'blue' cones, creating a 'blue blindness' for small objects

fixated upon" (p. 208). Cones themselves have variable

sensitivities to the different wave lengths of light.

These bands of color as seen by an individual are based

upon that individual's perception of the color, their en-

vironment, and past experiences or sensations of that color

(Galitz, 1989). Color as it is named, is actually the hue,

of which there are ten. Lightness refers to the shade of a

color (e.g., a pink or a red), while saturation indicates

the vividness or intensity of a color. Similar colors are

those adjacent on a color wheel. Contrasting colors have

MONA"
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three colors between them (e.g., red and blue) while com-

plementary colors are those on opposite sides of the wheel,

(e.g., orange and blue) (Chijiiwa, 1987).

All these terms and definitions become important in the

planning of colors to be used in icons. Murch (1985)

wrote: "Basically, effective color usage depends upon

matching the physiological, perceptual, and cognitive as-

pects of the human visual system....Color is a sensation,

like taste or smell, that is tied to the properties of our

nervous system" (p. 128). Therefore, certain colors have

led to certain preconceived notions: Red means hot or dan-

ger, and green indicates safety or go--a biased situation

where no bias is intended. Additional physical considera-

tions have been discovered: "reds, oranges, yellows and

greens can be viewed together without refocusing, but cyan

and blues cannot be easily viewed simultaneously with red.

To avoid frequent refocusing and visual fatigue, extreme

color pairs such as red and blue or yellow and purple

should be avoided" (Murch, 1985, p. 135). Other potential

problems to be avoided are the saturation of red and green

for small shapes, the over reliance on color (which can

confuse its meaning), and the overuse of color for fear

that something may get lost in the confusion. Galitz

(1989) stated that color should be used for "1) a format-

ing aid, 2) as a visual code, 3) high attention getting

capacity, 4) interface with use of other screens, 5) vary-

,_
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ing sensitivity of the eye to different colors, and 6)

color viewing deficiencies" (p. 204). An additional

consideration which impacts color choice is the physical

age of the user.

Age brings with it changes to the eye, its structure,

and to how a picture or a color is perceived. Murch (1985)

presented two important considerations concerning the lens

and retina of an aging eye. "With increased age comes in-

creased yellowing of the lens, this makes it more difficult

to sense the color blue. Also with age comes a decrease in

the amount of fluid in the eye and therefore decreases the

brightness of a color" (p. 128). As the eye loses some of

its ability to focus properly on shapes, the edges of these

shapes become increasingly important.

An edge is the basic element in perceiving form. It
can be created by adjacent areas differing in bright-
ness, color, or both. Edges guide the eye's accommoda-
tion mechanism, which brings images into focus on the
retina. Recent research has shown that edges formed by
color difference alone with no brightness difference,
such as a red circle centered on a large green square
of equal brightness, are poor guides to accurate focus-
ing. For sharply focused images, it is necessary to
combine both color and brightness differences. (Murch,
1985, p. 129)

In the final analysis, it has not been conclusively

proven that icons are the most appropriate way to design a

screen menu. There are several advantages and disadvan-

tages to their use. Johnson (1990) states, "visuals work

in presentations because people think in graphic images and

respond to strong graphic presentations" (p. 6). If this

_ .. _
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is true, then good screen design is essential. This de-

sign, like other forms of art, should please the eye, carry

a message, and give the user a sense of accomplishment and

satisfaction with each use. Gittins (1986) pointed out

four advantages to using icons:

1. The use of the metaphor and mapping processes is

only possible with this type of media.

2. Shape and color can be used to point out specific

icon attributes.

3. There is an increased human interaction with two

or three dimensional systems.

4. Information is conveyed more succinctly through

icons than other computer screen media (p. 527).

There are disadvantages to icons as well. Designs tend

to look similar from system to system. "These implementa-

tion constraints, make icons tend to look like others al-

ready in existence, show a lack of originality, and will

often reflect an ignorance of much of the relevant pub-

lished material from human factors, computing and graphic

arts" (Gittins, 1986, p. 523). This lack of creativity can

set the stage for other potential psychological problems

including user confusion, panic, boredom, frustration,

abandonment of the system, incomplete use of the system,

indirect use of the system and modification of the task

(Galitz, 1989). Gittins (1986) pointed out several very

distinct disadvantages of using icons:
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1. There is not always the perfect picture to match

the function that is trying to be described.

2. If text is included with the picture, it defeats

the purpose of mapping (and metaphors).

3. Some designers extend the definitions of

metaphors, creating confusion.

4. Too many graphical design components and too much

color overload the user (p. 527).

Graphics and icons are part of the computer world that

will be around for a while, or at least until the next

greatest innovation comes to replace them.

Interest in the use of pictographic symbols is not
confined to human computer interface design.
Considerable attention has been focused on iconic
communication in human language, cognitive psychology,
in sign posting for public services, in equipment
controls, as well as in graphic arts. (Gittins, 1986,
p. 520)

This increasing use of icons is an encouraging sign for

the future users of computers. If icons increasingly be-

come the sign posts of the future then perhaps their pre-

sence will encourage computer users to accommodate

themselves to computer screens with increased ease--whether

they are novice or expert users. The increased use of

icons also leads to other educational questions, such as:

Would it be easier to teach reading, English, and English

as a second language through universal icons?



CHAPTER 3

METHODOLOGY

Procedures for Collection of Data

The pilot survey for the Icon Recognizability Survey

was administered to art, computer science, math, and psy-

chology classes at the University of North Texas during the

Summer of 1991. Permission to distribute the survey and

the accompanying demographic questionnaire had been obtain-

ed from the instructors of the classes before any of the

surveys were administered. The subjects were asked to fill

out a demographic questionnaire dealing with gender, age,

type of computer they use, number of hours per week they

use the computer, and the type of computer software used

(icon vs. text/command). Subjects were also instructed

that if they did not want to participate they did not have

to fill out a survey. An equal number of results from Pi-

lot Test A and Pilot Test B were collected from all classes.

Instrument

The Icon Recognizability Survey was used to collect

information dealing with icon recognizability. This was a

newly created survey that was piloted as follows:

32
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1. Pilot survey A contained 16 icons and was admin-

istered as specified in the preceding section. The in-

structions read: From the following icons, identify the

function you think each icon will provide. Write your

answer on the line below each picture.

2. Pilot Test B contained ten rows of four icons per

row, and the instructions read: If you wanted to (justify

text left) which icon would you choose? If you are unsure

check the HELP (?) icon.

The subject was provided with ten different function-

al statements followed by the choice of four icons: one

icon being correct, two others were distractors, and one

was a question mark indicating the help icon.

Coefficient alpha was used to establish the reliabil-

ity of the overall pilot survey. On the initial pilot run,

consisting of 98 subjects, the coefficient alpha was re-

corded as 0.406, with a mean biserial (discrimination) of

0.525 and a mean p (difficulty) of 0.571. The low coeffi-

cient alpha was attributed to the low number of survey

items (10). However, the discrimination and difficulty

factors fell within acceptable ranges for this type of sur-

vey. The coefficient alpha was rerun with a total popula-

tion of 178 subjects. Coefficient alpha was computed to be

0.589, mean biserial of 0.614 and a mean k of 0.534. These

numbers were considered to be within allowable ranges to

continue the survey procedure.
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The objective of Pilot Test A was to ascertain wheth-

er the 16 icons pictured could elicit a correct response

from a knowledgeable icon user or a good guess from a non-

icon user. The objective of Pilot Test B was to have the

subjects choose the correct icon to match the given textual

description.

The Population

The subjects for this study were students at the Uni-

versity of North Texas. The University's 1990 fall en-

rollment consisted of 27,160 students, ranging in age from

15 to 60+, male and female, with a variety of cultures

represented.

Selection of Sample

The type of sample selected for this study was a

cluster sample. According to Downie and Starry (1977):

"Cluster sampling allows subpopulations to be defined that

are similar to the total population and to one another

with respect to relevant dimensions; in essence, each

constitutes a mini-population" (p. 61). Subjects from

various disciplines, as previously listed, were utilized.

These were randomly chosen and were thought to have a

broad range of technical experiences. The data collected

was divided into four categories: (a) novice icon

software users, (b) expert icon software users, (c) novice

text/command users, and (d) expert text/command users.

'.. 
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During the summer of 1991, the Icon Recognizability

Survey was administered to 421 students in various classes

including psychology, chemistry, math, art, architecture,

symbolic logic, computer aided drawing (CAD), computer

science, literature, and design classes.

To achieve a workable N for each of the four groups, a

sufficient number of questionnaires were distributed. For

the final analysis, the N for each of the four groups was

26.

Research Design

This study examined the difference between two vari-

ables: type of software (icon vs. text) and user skill

level (novice vs. expert) in a 2 x 2 format.

Figure 1. Software Type vs. Experience Level 2 x 2 Format.

Icon Text/command

Novice N = 26 N = 26

Ex e tN= 6N 2

Expert N = 26 N = 26
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Procedures for Analysis of Data

A two-way ANOVA was used to determine any significant

differences between the variables of software (icon vs.

text) and skill level (novice vs. expert), the criteria

being: less-than-5 vs. more-than-lo hours per week of

computer usage. In addition, further tests for inter-

action and main effects were performed.

Now -ww" 5



CHAPTER 4

ANALYSIS OF RESULTS

This study involved 421 subjects. Table 1 is a sum-

mary of all the subjects divided into groups according to

skill level and type of software used. For purposes of

this study, only the first 4 groups (e.g., novice text,

expert text, novice icon, and expert icon) were used in the

statistical analysis of the hypotheses.

Table 2 illustrates the mean and standard deviation

for each of the four groups. In pictorial terms, the mean

data in Table 2 would appear as illustrated in the diagram

in Figure 2. This table and figure illustrate that there

is no significant mean difference between software-type

responses; however, a significant difference in skill level

exists.

Using the preceding information, an ANOVA was per-

formed on three groups of data: novice text vs. expert

icon (Hypothesis 1), novice icon vs. expert icon (Hypo-

thesis 2), and expert text vs. novice icon (Hypothesis 3).

Table 3 illustrates the result of the ANOVA performed

on the four groups of subjects involved in the study.

Reviewing Table 3 reveals that the F value is significant

37
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Table 1

Total Number of Subjects by Software Type and Skill Level

Group Total N Per Group

Novice text 82

Expert text 29

Novice icon 32

Expert icon 26

Computer non-users 71

Novice text and icon users 12

Icon novice and text expert 13

Text and icon expert 13

Novice text and icon expert 57

Icon 6-9 5

Text 6-9 17

Icon and text 6-9 49

Users but no specific software 15

Total 421

for the Main Effects Total at 0.025 and the skill level at

0.007; however, software at 0.960 is not significant.

There is also an absence of interaction of 0.802 between

skill and software.
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Table 2

Means and Standard Deviation of the Four Survey Groups

Variable Mean Std Dev Cases

For entire population 5.8750 1.9985 104

Skill-novice 5.3462 2.1773 52

Software-text 5.3846 2.0991 26

Software-icon 5.3077 2.2938 26

Skill-expert 6.4038 1.6599 52

Software-text 6.3462 1.8535 26

Software-icon 6.4615 1.4760 26

Table 4 illustrates the number of answers for each

choice per question for the computer non-user group. The

non-users have a higher incidence of answers to Choice 4

(the question mark indicating a need for assistance) than

the other four surveyed groups.

Table 5 illustrates the percentage of each question

answered correctly by the total population. By applying

the three original hypotheses to the total population as

illustrated in Table 5, the following comparisons can be

"t (l.. rrv.. .. ww. .4 .?.W~w..t:ivM t.': 'J1; .. 1iLi:J{
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Figure 2. Software type vs. experience level mean averages

Icon Text/command

Novice 5.30 5.38

Expert 6.46 6.34

made. Hypothesis 1 stated that novice text users would

select the incorrect icon more often than expert icon

users. This was true in 7 out of the 10 survey state-

ments. Hypothesis 2 stated that novice icon users would

select the incorrect icon more frequently than expert icon

users. This occurred in 7 out of 10 statements. Hypo-

thesis 3 stated that expert text users would select the

incorrect icon as frequently or more so than novice icon

users. The results showed that the expert text group

chose the incorrect icon in 1 out of 10 choices, scored

approximately the same on 3 out of 10 icons, and scored

higher than the novice group on 6 out of 10 choices.

Summary of Findings

The original research question of this study was: Are

there any significant differences in recognition of icons

among four different computer groups who use different

« y v .
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Table 3

ANOVA on the Four Subject Groups

Source Sum of Mean Signif

of variation squares df square F of f

Main effects 29.096 2 14.548 3.808 0.025

Skill 29.087 1 29.087 7.614 0.007

Software 0.010 1 0.010 0.003 0.960

2-way interactions

Skill software 0.240 1 0.240 0.063 0.802

Between 29.337 3 9.779 2.560 0.059

Within 382.038 100 3.820

Total 411.375 103 3.994

types of software (icon vs. text/command) and the amount of

time they use the computer (novice vs. expert). The three

hypotheses divided the research question into more manage-

able sections. In reviewing Hypothesis 1--that novice text
users would select the incorrect icons significantly more

powwow POWWOW 11
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Table 4

Number of Answers per Question for the Non-users Group

Question Choice 1 Choice 2 Choice 3 Choice 4

1 50* 1 6 14

2 1 47* 8 15

3 42* 5 5 19

4 0 54* 1 16

5 11 2 23* 35

6 1 33* 9 28

7 23 21* 3 24

8 30* 10 13 18

9 16* 25 5 25

10 11 10 4* 46

*

N

Indicates correct

= 71

choice

often than expert icon users--was statistically signifi-

cant at the 0.05 level with p = 0.037. Hypothesis 2--that

novice icon users would select the incorrect icon signifi-

cantly more often than expert icon users--proved signifi-

cant at the 0.05 level as well, with p = 0.036. It was

thought from the very beginning of the study that this

would be true and really did not need to be proved; however

..
,
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Table 5

Percentage of Each Question Answered Correctly by Group

Question Novice Expert Novice Expert Non-

Text Text Icon Icon user

N=82 N=26 N=32 N=26 N=71

1 0.85 0.88 0.88 0.96 0.70

2 0.80 0.73 0.72 0.73 0.66

3 0.77 0.85 0.75 0.88 0.59

4 0.85 0.88 0.78 0.88 0.76

5 0.34 0.46 0.44 0.42 0.32

6 0.70 0.80 0.44 0.58 0.46

7 0.51 0.58 0.44 0.38 0.30

8 0.51 0.73 0.47 0.69 0.42

9 0.26 0.35 0.19 0.46 0.23

10 0.13 0.12 0.38 0.46 0.06

showing that there was a significant difference supported

the validity of both the research question and the survey

instrument used to collect the data. Hypothesis 3--that

expert text users would select the incorrect icon as often

or more so than novice icon users--was not significant at

the 0.05 level with = 0.079.
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Although not part of the original research question, it

was interesting to note how non-computer users scored in

comparison to the four groups involved in the survey. As

was presented in Table 4, non-computer users had a higher

total number of responses to Choice 4 (the question mark)

than any of the other four groups.

While not a part of the research design, an additional

finding of this study has significance for the technology

of the future. In the past, a computer user made a choice

between a system that was mainly text/command or one that

was icon based. The findings of this study showed that out

of 421 survey participants, 144 of them used both

text/command and icon based software, leading to the

difficulty of finding icon only experts. These findings

indicate that future computer users may be using a totally

different type of interface than the two used today.



CHAPTER 5

SUMMARY, DISCUSSION, CONCLUSIONS, AND IMPLICATIONS

Summary

As technology continues to advance, so too will the

ways in which the user interfaces with the computer. Early

systems belonged to a small, elite group of those who knew

the secrets of programming the large and often complicated

computer systems. Time has not only seen computers become

smaller and increasingly more affordable but has also wid-

ened the society of those who are able to use them without

knowing how to actually program a computer. Two of the

major types of human-computer interfaces currently in use

are text/command and icon based systems.

This research had a twofold aim:

1. The main issue proposed and the research question

developed for study was directed toward discovering whether

an icon recognizability existed among four different groups

of computer users and to what extent this recognizability

reached as indicated by the number of correct responses per

question.

2. The underlying concern involved the transference

of knowledge, if any, between those who normally used a

45
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text/command system and the results of their answers on an

icon based survey.

It was originally presumed that if someone were con-

sidered a computer expert using a text/command based sys-

tem, they would be a novice when introduced to an icon

based system. Based on that assumption, it was further

presumed that these users would have to have as extensive a

training period as any other novice, rather than simply a

brief explanation of the similarities and difference of an

icon system.

Based on the results of this study, it has been de-

termined that an icon recognizability does exist among dif-

ferent groups of computer users. This recognizability is

based upon the experience of the users and not upon the

type of software they used the most often. The results of

all three hypotheses--novice icon vs. expert icon (Hl),

novice text vs. expert icon (H2), and expert text vs. no-

vice icon (H3)--showed expert users scored better than no-

vice users on determining which icon correctly matched

the given text strings.

Discussion

Icons are the latest, but certainly not the last, in-

novation to the human-computer interface genre. But are

icons necessarily better in a user interface mechanism or,

for that matter, any worse than other interface design

systems? In a study in 1987, Kerr wrote:
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Icons have also attracted attention as wayfinding
aids--but validating their usefulness empirically has
been a problem....Some have suggested that learning to
use an icon based system may be no easier--just dif-
ferent than learning one based on text or menus. (p.
3)

If icons are neither any better nor any worse than other

types of computer interfaces, there must be other factors

that play an important role in their recognizability and

use. Other researchers--Arnheim (1974), Nadin (1988),

Cross (1990) and Marcus (1989)--believed perception, ex-

perience, culture, and overall cognitive ability become

essential elements to be investigated both singularly and

in various combinations. In other studies, there were

those who believed that learning occurs from previously

laid down memory traces or from associations--Easterby

(1970), Lodding (1983), Nadin (1988), and Johnson-Laird

(1988). Jervell and Olsen (1985) in writing about icon

designs stated "visual representation is a central theme

in this philosophy [of system design]. The goal is that

objects shall be understood solely on the basis of their

visual characteristics and actions of the basis of the

effects on the display screen" (p. 251).

In this current research study, the proposed research

question investigated the existence of any significant

differences in the recognition of icons among different

groups of computer users. The concluding answer is that

there are differences among the groups listed in this

'
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study. Both Hypothesis 1 and 2 could be considered by

some to be almost predictable; however, they were good

points from which to begin the testing further establish-

ing the reliability of the survey instrument and adding

needed information to the literature base. The results of

both Hypothesis 1 and 2 could be attributed to the dif-

ferences between the experience levels of novice and ex-

pert users. However, both hypothesis I and II could be

considered as solid control situations where what is ob-

vious to some could actually be proved as being true.

Hypothesis 3 (expert text vs. novice icon), was less ob-

vious and somewhat questionable therefore suitable for

testing. The results of Hypothesis 3 indicated that there

was no difference in the type of software used, but a dif-

ference in the skill level (novice vs. expert) that a user

possesses. One study by Whiteside, Wixon, and Jones

(1988) looked at user performance in dealing with com-

mands, menus, and iconic interfaces found in one particu-

lar instance, performing a filing task, there were "no

significant differences in users who were transferred from

one iconic system to another versus users who were

transferred from a command system to an iconic system" (p.

298).

Therefore, if there is a recognition of icons among

experienced groups of computer users then there is a pos-

sibility that some type of transference of preexisting
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knowledge does exist. Easterby (1970), in studies on

traffic signs, wrote: "it is often assumed that observers

should be able to guess the meaning of symbols at first

exposure. This concept has little operational relevance

except to indicate the presence of transfer of training

effects (+ or -) from one context to another" (p. 150).

In looking at symbols used in industrial machines, Cahill

(1975) believed "the more knowledge a symbol observer

brings to bear upon the interpretation of a symbol the

less information (reduction of uncertainty) the symbol can

provide" (p. 379). The results of this study on icon re-

cognition would indicate that the more experience and

knowledge one brings to the task at hand, regardless of

the type of software used, the higher the number of icons

recognized.

In reviewing the concepts of icon types as listed by

Lodding (1983) and as used in this study, a pattern of

recognizability begin to appear. Lodding referred to

icons in three ways: representational, abstract, and ar-

bitrary. "A representational image is one that serves as

an example for a general class of objects--in short it is

typical. An abstract icon attempts to present a concept

to the viewer that is apart from the conceptual image. An

arbitrary icon is invented and assigned a meaning" (pp.

15-16). Another study by Arend et al. (1987) involving 24

students, 22 with no prior computer experience, dealing

,
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with characteristics that made up a good computer menu,

showed "abstract icons were searched and selected much

faster than both word commands and representational icons"

(p. 411).

Table 6 illustrates the relationship between the icon

type according to Lodding and the subject's choice of that

icon. This table also shows comparisons of the average of

correct answers of both the four main groups involved in

the primary survey and of those same four groups plus that

of a computer non-user group. According to Table 6,

abstract and representational icons were chosen by the

four groups surveyed at or around the fifty percent mark

with one exception. Upon examining the results of the

survey it came to light that for one question, two of the

four choices could actually be considered correct,

therefore the overall results on this question were

divided between the two correct responses, thus lowering

the total correct scores and percentages.

In several instances, survey participants questioned

the meaning of the words themselves before trying to

choose a picture. In response to these questions, the

participants were told to refer to the instructions which

indicated that if the text string was unfamiliar they

should choose the question mark indicating the need for

help.

Y a .. r.



51

Table 6

Icon Type and Subjects' Choice.

Icon Type 4 Group 5 Group

Average Average

Justify left abstract 0.89 0.85

No sound abstract 0.75 0.73

Link abstract 0.81 0.77

Unlink abstract 0.85 0.81

Set line arbitrary 0.42 0.40

Align abstract 0.62 0.59

Search abstract 0.49 0.45

Text representational 0.60 0.56

Fill an area abstract 0.32 0.30

Text wrap arbitrary 0.28 0.24

Thimbleby (1990) wrote about making things easier and

how that has become a popular battle cry the last few

years.

Although making things easier to use is, self evident-
ly, a good idea and has caught on as a popular slogan,
the idea is simple minded. In reality ease of use is a
complex and interesting tradeoff. Furthermore it is
very easy to confuse ease of use with ease of learning,
for surely a difficult system to use will be hard to
learn? But easily learnt [sic] systems may have to be
used in contorted ways once the user has progressed
beyond basic learning to serious use. It is an over-
simplification to suppose that a system is first
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learnt, then used; in reality the user grows in skill
over a period of time while using the system. (p. 111)

This seems to sum up the survey results rather well. The

computer users with a certain amount of previous computer

experience seem to do well regardless of the type of system

with which they are confronted. Those users who are con-

sidered novice and who lack the prerequisite experience and

cognition must be taught from the ground up regardless

of the type of interface the software uses.

Conclusions

Based on the findings of this study, the following con-

clusions are warranted.

1. Icon recognizability does exist among different

groups of computer users. This recognizability is based on

experience levels and not on the type of software used.

2. There is an icon recognizability among those who

claim to be expert text users, showing the potential for

the idea that a transference of knowledge based on exper-

ience does exist.

3. Novice users, regardless of software type, choose

the incorrect icon more often than expert users.

4. Expert text users did not choose the incorrect icon

more frequently than the novice icon users, thus disproving

the originally proposed hypothesis.
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5. Computer non-users chose the question mark (indicat-

ing the need for assistance) more often than any other

group involved in the survey.

6. In the depiction of icons, those that were consi-

dered to be abstract and representational generally had

higher percentages of being chosen than those that were

considered arbitrary in nature.

7. In the future, increasing numbers of computer users

will be using both text/command and icon based software.

Educational Implications

According to Shneiderman (1987): "In any application,

background experience and knowledge in the task domain and

the computer domain play a key role in learning and per-

formance" (p. 22). During this survey 421 subjects were

involved, only 71 subjects had not used a computer at

all. The survey also indicated 144 subjects were using

more than one type of computer software. Computers appear

to have become as much a part of a college education as

pens, pencils, and notebook paper. Therefore, the

implications for education involving both teacher and

student have become tremendous.

In the case of the teacher using or teaching an icon

based software system, an awareness of the students' com-

puter background, usage, and experience would be neces-

sary. It could be supposed that if students were computer
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literate in using a text based system, there would be some

automatic transfer both of knowledge and of the ability to

use an icon based system. To expert users, the icon based

system would not have to be taught as if it were a com-

pletely new entity. However, as shown by the survey, this

would not necessarily be true if the class involved was a

group of non-computer users. The survey results pointed

out there was a certain amount of recognizability of the

icon as a picture and also of the ability to match a pic-

ture with a function.

If a particular group of students have extremely var-

ied backgrounds and cultures, usability problems may

arise. The possibility of unfamiliar pictures or identi-

fying text becomes a threat to the user's learning pro-

cess. In administering this survey, several questions

were posed by the subjects concerning the definition of

the text string involved, even though the instructions

were to check the question mark if the text string was not

understood. Perhaps teachers facing this type of situa-

tion would need to do some pre-teaching to explain speci-

fic words or phrases involved with computer use. The

third situation that requires acute teacher awareness

deals with icon definitions. Some icons may indicate dif-

ferent functions in different pieces of software or, to

complicate actualities even more, the icon may represent

something totally different to another culture. To combat



55

this, a review of the icons and their functionality would

greatly enhance the learning process and alleviate con-

fusion and frustration among users. A fourth and final

problem encountered would be dealing with total computer

non-users. These students would probably have some ini-

tial fear of computer systems including the fear of per-

forming some act that would damage the system itself.

In dealing with these four problems, a thread of com-

monality exists. Nicol (1990) wrote that "having ob-

served children and computers feel some of those learning

experiences apply to adults as well as for children, for

experts as well as novices" (p. 114). Nicol further

stated:

"Interfaces for learning" have special design require-
ments above and beyond the considerations we make in
building good electronic tools for professionals and
casual users. When the user is naive with respect to
underlying concepts (not just the use of the program),
the interface needs to reflect teaching principles and
models that might be unnecessary in problems geared
towards more knowledgeable users. (Nicol, 1990, p.
114)

This same thought was echoed by Frye and Soloway (1987)

when they wrote that the interface "must provide an entry

to the content domain of the program rather than vice

versa" (p. 93). Therefore, based on the results of this

survey, in order for computers to be successfully used in

the educational milieu already established principles of

lesson preparation should be applied.

..



56

Technological Implications

The most important technological implication of this

study deals with design issues, the very basic question of

how recognizable the final icon is to the user. The whole

design process should involve the potential users from

start to finish. This iterative type of design cycle

fueled by constant user feedback is the most important

concept in the whole software development process

(Shneiderman, 1987). Design needs to remain consistent,

not only for the same company's products but across the

entire marketplace as well. Shneiderman (1982) wrote:

The egocentric style of the past must yield to humil-
ity and a genuine desire to accommodate to the user's
skill, wishes, and orientation. Designers must seek
more direct interaction with the users during the de-
sign phase, development process, and throughout the
system life cycle. Iterative design methods that al-
low early testing of prototypes, revisions based on
feedback from users, and incremental refinements sug-
gested by test administrators are all necessary to
arrive at a successful system. (p. 237)

Implications for Further Research

Further research is needed in this area of icon recog-

nition dealing with both computer users and non-users in

working with various types of software. A replication of

this study with larger groups would be one place to

begin. However, a replicator may find it difficult to

adequately increase the sample size following the same

definitions set in this study. Collecting an adequate
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number of expert icon users was an extremely difficult

task.

Further research needs to be done and might include

analyzing: (a) computer experience and gender, (b) cul-

tural differences, and (c) age and gender.

With the computer age still in its primary stages,

users and machines have yet to establish a fully developed

system of communication. Until that time there will

continue to be problems to solve, areas to research, and

avenues to explore.
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ICON HELP INVENTORY SCALE DEMOGRAPHIC QUESTIONNAIRE

The following information is being collected to look at the
different variables involved with those who use computers
and computer software (both icon and text/command based.)
DO NOT put your name on any of these papers; the data
collected will in no way be linked to any particular
student.

Please circle the appropriate response for each question.

1. Female Male

2. Major:

3. Age: 15-18 19-22 23-30 31-40 41-50 50+

4. What brand of computer do you use the majority of the
time:

Amiga Apple IBM Clone MacIntosh Next Other

If other, please list the brand:

5. How many hours per week do you use a computer?

0 hours 1-5 hours 6-9 hours 10 hours more more

6. How many hours per week do you use icon based software?

0 hours 1-5 hours 6-9 hours 10 hours more more

7. How many hours per week do you use text/command based
software?

0 hours 1-5 hours 6-9 hours 10 hours more more

Thank you for your participation!
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Directions: View each of the 16 icons below. On the line provided under
each text processing icon, write a one/two word description of what you think
that icon represents or the function it would perform.

1. 2. 3.

0000 00000
00000000
000000000

0000000

5. 6. _7.

9.* 10+ 11.

13.* 14.* 15.*

* Copyright 1990 by PowerUp Software. Used by permission.
+ Registered Trademark of Merriam -Webster Inc.

4.

8.

12.

16.*

I'll I I FIRM 111 11111



Directions: On the next 2 pages are 10 rows of text processing icons.
Above each row is a textual description of a computer software command.
Read each command and then place an X over the icon you feel best
matches the textual description. If you are unsure of what the textual
description means or if you do not know which icon best fits the
situation, place an X over the question mark.

Justify Left

No Sound

Link *
- - ----

Unlink

Set line

yr4

*

*i

* Copyright 1990 by PowerUp Software. Used by permission.

Q*

*

, ",am

7
?

7'

?



Align
* * *

Search

Text

Fill an area

1

T *

Text Wrap

TEXT

TEXT
TEXT

* Copyright 1990 by PowerUp Software. Used by permission.

7'

9

7

*

7
*

7?
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