Computer Screen Designs:

Viewer Judgments

O R Scoftt Grabinger

This study examined viewer judgments about
the readability and studyability of two sets of
computer screens: a set of model displays and
a set of real screens copied from CAI pro-
grams. The purpose was to identify con-
structs that could guide the design of computer
screens used to display information in
computer-assisted instruction, hypermedia,
or on-line help applications. It also searched
for any relationships among viewer prefer-
ence and viewer field articulation (field-
dependence/independence), conceptual style
(relationallanalytical), and gender. Findings
based on multidimensional scaling technigues
confirmed and further defined the existence
of evaluative constructs based on visual
complexity and organization. No generaliz-
able effects for field articulation, conceptual
style, or gender differences were found.
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[ The most common method of presenting
written instructional information is through pa-
per publications: journals, magazines, books,
newspapers, and so on. While paper publi-
cations maintain their popularity, the use of
electronic publication is growing rapidly. Elec-
tronic publications are usually presented on
video display screens, including teletext,
videotex, computer-assisted instruction, hy-
permedia, hypertext, and on-line help systems.

Whether a publication is paper or electronic,
its production involves arranging numerous
text elements—type, illustrations, white space,
and graphic devices—so as to present infor-
mation in a way that communicates the au-
thor’s message. The combination of these
elements to create a meaningful message is
not a simple matter. While aesthetic guidelines
exist to help designers create attractive dis-
plays (Donahue, 1978; Garrett, 1967; Nelson,
1978; Turnbull & Baird, 1975), aside from
Hartley’s (1985) work, there are few, if any,
empirically based guidelines to help instruc-
tional designers combine text elements in ways
that facilitate learning (Misanchuk, 1992).
Waller (1980) states:

[W]hile rules for the composition of graphically
simple verbal sequences exist in usages, and have
been described in grammars, the state of typo-
graphic theory is relatively primitive. Thatis, al-
though rules of some kind exist . . . they have
not yet been formally codified. (p. 242)
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CAI designers need more than aesthetic guide-
lines. They need guidelines that are focused
on learning, guidelines that will help instruc-
tional designers create displays that facilitate
the processes of reading and learning—the ac-
quisition, organization, and processing of in-
formation by learners.

RESEARCH PROBLEM

Developing empirically based guidelines to
combine large numbers of text elements to cre-
ate meaningful screen displays produces three
significant research problems. First, research
into each possible combination of text format
variables and their interactions is a daunting
proposition. For example, a study comparing
just two values for each of eight text element
variables such as those shown in Table 1 yields
256 unique stimuli (28), along with the fright-
ening prospect of interpreting eight-way in-
teractions. It is also unrealistic to think that
any designers will limit themselves to just eight
elements with two values, so research results
based on highly controlled examinations of
combinations of text elements have limited
generalizability.

Second, in any particular layout, the unique
contribution of each text element variable to
the overall meaning of the display is likely to
be quite small (Grabinger, 1989). There may
be no way to ascertain to what degree a sin-
gle variable contributes to the readability of a
display or to the amount a reader learns. For
example, paragraph indication (e.g., indented
or double-spaced) is a single text element vari-
able. By itself, paragraph indication probably
has no measurable effect on learning. How-
ever, when combined with other variables to
organize a display, to create chunks of ideas,
or to indicate a hierarchical structure, it may
affect how a learner organizes and processes
the text and subsequently affect learning.

Finally, a research approach that studies in-
dividual text element variables may shed light
on how readers perceive and recognize those
text elements, but does not provide information
about how the reader comprehends, organizes,
and processes the information represented by
those elements. Determining the best ways to
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TABLEA [ Research Scenario with Eight Text
Element Variables and Associate Values

Element Values

1. Line length Short Long

2. Directive cues Present  Not present
3. Paragraphindication Spaced Indented

4. Status bar Present  Not present
5. Line spacing Single Double

6. Functional areas Present  Not present
7. Text columns Single Double

8. IHlustrations Present  Not present

present elements on a page or screen begins
with a look at the processes of perception and
reading.

Past research in the area of legibility (Rehe,
1979; Reynolds, 1979; Tinker, 1963) provides
standards for displays that gain attention and
are perceptible and recognizable. However,
there is more to reading than recognizing sym-
bols; readers and students must also organize
and integrate (Tinker & McCullough, 1962).
Since the focus of a screen designer is on de-
vising a combination of format variables to en-
hance reading and studying, then a complete
set of screen design guidelines must go beyond
legibility standards and indicate what design-
ers should do to enhance the processes of
organization and integration. Bovy (1981) de-
scribes this instructional goal as applying meth-
ods which “externally model appropriate
cognitive processes, direct the cognitive pro-
cesses of the learner, or allow the learner to
activate appropriate methods independently”
{(p. 208). Therefore, empirically based guide-
lines developed over the long term must sug-
gest ways to create screens that activate the
appropriate processes by the users.

RESEARCH STRATEGY

If activating appropriate processes (i.e., read-
ing and perception) is one of the objectives
of an effective set of screen design guidelines,
then there are three basic events that a de-
signer can try to enhance: (1) getting the learn-
er’s attention, (2) helping the learner find and
organize pertinent information, and (3) inte-
grating that information into the learner’s
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knowledge structure. One strategy is to focus
on users of potential instructional displays and
find out how they judge the displays in terms
of readability and “studyability.” Studyability
refers to the ease with which a user can ex
amine and learn from a screen of information.
If evidence of an underlying rationale for such
judgments is found, then it can be interpre-
ted to provide information about designing
screens. Grabinger (1984, 1987; Grabinger &
Amedeo, 1988) found consistent rationales for
the judgments expressed by viewers for model
screens. Using multidimensional scaling and
factor analyses techniques, these studies found
that groups of viewers judged sets of model
screens as readable or studyable using three
evaluative criteria or constructs: structure, or-
ganization, and spaciousness/simplicity.

Structure. The most salient criterion, structure,
refers to the viewers’ preference for screens
that appear designed in a way that reflects the
content of the subject matter. Structured
screens use directive cues for emphasis, head-
ings as organizers, and graphic devices to sep-
arate the information into chunks and to
indicate important material. Structure is a re-
fined stage of organization.

Organization. Screens that appear to have a co-
herent arrangement of all the major elements
are perceived as organized. Organized screens
are divided into functional areas: text, graph-
ics, title/status bar, and navigation control
panel. Organization is a precursor to struc-
tured screens. Screens that are structured must
be organized, but organized screens are not
always structured in a way that represents the
nature of the content.

Spaciousness. When structure and organization
are not present, viewers of computer displays
look for spaciousness and simplicity. Some
viewers prefer screens that have a lot of white
space, little text, few butions, and few head-
ings. This seems the opposite of structure un-
til one realizes that viewers have priorities
when examining screens. If their primary cri-
teria for judging a screen as acceptable for read-
ing and studying are not present, then they
fall back to secondary or tertiary criteria.
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These earlier studies were conducted using
model screens, or screens composed of X's,
(s, and I's—the Twyman notation system
(Twyman, 1981). Model screens were used to
control for content effects and to facilitate in-
terpretation of the data analyses. However,
there is still no evidence that the constructs
identified with model screens hold up when
viewers judge the readability and studyability
of a selection of real screens from actual pro-
grams (Ross & Morrison, 1989). Therefore, this
study expands on the earlier investigations by
comparing the findings for a group of model
screens with a group of real screens. Using
real screens takes a further step in investigat-
ing whether the same constructs used by view-
ers in the model screens emerge in judgments
about real screens.

The three dimensions found in the earlier
studies indicate that users form judgments
about screens based on more than one rea-
son, depending on the importance they as-
sign to their own rationales. However, there
was no evidence to indicate why some peo-
ple prefer structure more than spaciousness
or vice versa. It would be useful in the devel-
opment of guidelines to determine whether
groups of viewers have any descriptive char-
acteristics based on common learner analysis
tools: conceptual style, field articulation, and
gender. Therefore, this study assessed pref-
erences for screen designs as a function of in-
dividual differences in field articulation,
conceptual style, and gender. The specific goals
of this research were as follows:

1. Compare the effects of screen models ver-
sus actual screens from programs on viewer
preferences for readability and studyability;

2. Investigate the relationship between view-
ers’ preferences and their field articulation,
conceptual style, and gender.

ANALYSIS
Analysis Technigue
Preference data from paired-comparison tasks

were analyzed using multidimensional scal-
ing (MDS) procedures (Hair, Anderson, Tath-
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man, & Grablowsky, 1979; Kruskal & Wish,
1978; Schiffman, Reynolds, & Young, 1981) to
identify evaluative dimensions used by sub-
jects while expressing their judgments. MDS
is a set of statistical analysis techniques that
help reduce and systematize data in areas
where organizing concepts and underlying di-
mensions are not well developed (Schiffman
etal., 1981). Therefore, the primary reason for
the choice of MDS as an analytical tool is that
the dimensions representing reader percep-
tions about text displays are unknown. MDS
does not “require a priori knowledge of the
attributes of the stimuli to be scaled. Rather
. . . MDS provides a space that reveals the di-
mensions relevant to the subjects” (Schiffman
etal., 1981, p. 3). In other words, MDS is an
investigative tool useful for discovering new
ways to examine and explain phenomena.

MDS techniques assume that participants
report their perceptions of stimuli unidimen-
sionally. Asking the reader for a combined
judgment about the readability and studyabil-
ity of a particular screen produces a unidi-
mensional measure with an ordinal ranking
of stimuli. For example, given a selection of 5
screens, a subject will first examine each pos-
sible pair: screen 5 versus screen 1, screen 4
versus screen 1, and so on. After selecting the
most studyable and readable screen from each
pair, the subject may end up with a ranking
of 3, 5,2,4,1,screen3 being the most reada-
ble and studyable and screen 1 being the least
readable and studyable.

After the rankings for each subject are cal-
culated, the rankings are statistically separated
by multidimensional scaling analysis programs
to repreSent distances among the stimuli along
a series of one or more dimensions. The dis-
tances among the stimuli (screens) indicate
how similar and how different the stimuli are
from one another as perceived by the group
of subjects. These distances (differences and
similarities) among the stimuli are represented
by points in a multidimensional space. The
MDS data analysis provides a set of two-
dimensional maps with the stimuli located as
points on the map to aid in interpretation (see
Figure 6 for an example). The dimensions that
compose the axes of the spatial configuration
of the stimuli represent the criteria used by
the subjects to judge the stimuli. For exam-
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ple, the X axis may represent structure while
the Y axis represents organization. Unfortu-
nately, MDS does not provide definitions of
the dimensions that result. The definitions of
the dimensions are interpreted by visually ex-
amining the characteristics of the stimuli that
lie along the dimension. The purpose of MDS
is to determine the optimal number of dimen-
sions (criteria) that account for the position
of objects relative to each other.

Data Collection and Analysis

Subjects viewed two computer screens and
performed the paired-comparison task by
rating the studyability and readability of the
samples shown on the screens. Following the
rating task, the multidimensional scaling
(MDS) analysis proceeded in two stages. The
first stage was to determine from the data the
number of dimensions the participants used
to evaluate the readability and studyability
of the screens. In the second stage, the di-
mensions that represented the participants’
judgments were interpreted by examining the
attributes of the screens (stimuli) along the
dimensions. The statistical analysis proceeded
in the following steps:

Step 1: For each subject, a matrix was cre-
ated to represent the ranking the subject gave
to each screen examined during the paired-
comparison test (see Figure 1). The paired-
comparison test required two responses. First,
subjects indicated on a response form (Figure
2) which screen they thought was most read-
able and studyable by circling L for left and R
for right. Next, subjects indicated how much
more readable and studyable their choice was
by placing a vertical mark through a 100-mil-
limeter horizontal line on the response form.
The marks were scored by measuring the dis-
tance of each mark from the left end of the
line. The distance in millimeters was then tran-
scribed to a scale of 50 to 100. This value (x)
was placed in the column of the matrix rep-
resenting that stimulus pair, while 100 — xwas
placed in the row of the matrix representing
that stimulus pair. The columns of the ma-
trix thus represented the stimulus the subject
preferred most, while the rows of the matrix
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FIGURE 1 [ Sample Participant Malrix and
Utilities

Screens 1 2 3 4 5
1 90 75
2 10 65 95
3
4 35

Utilities 4 2 5

represented the stimulus the subject pre-
ferred least.

For example, suppose that a subject views
screen 1 on the left and screen 5 on the right.
The subject then circles the letter L to indi-
cate that she or he thinks that the lert screen
(1) is more readable and studyable than the
right screen (5), and places a line midway on
the scale to represent how much more reada-
ble and studyable the choice was. This line is
measured as 50 millimeters (x) and transcribed
to a value of 75 [x + (100 — x)/2}]. As shown
in Figure 1, the value 75 is placed in the col-
umn and row of the matrix (upper right) rep-
resenting the stimulus pair and the value 25
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(i.e., 100 — 75) is placed in the row and col-
umn (lower left) representing the stimulus pair.

The end result of this step is the creation
of a matrix for each subject composed of the
ratings assigned to each stimulus pair viewed
by the subject. Note that Figure 1 is an incom-
plete matrix. In the actual studies, an incom-
plete matrix design (Spence & Domoney, 1974)
was used to prevent subject fatigue from ex-
amining hundreds of comparisons. A complete
matrix design represents a comparison of each
possible pair by every subject. However, this
is impractical, so an incomplete matrix design
has each subject view a subset of the complete
set of pairs, creating a partially completed
matrix.

Step 2: Torgerson's (1958) procedures for
standardizing incomplete matrices were used
to transform the raw data into utilities (rank-
ings) for the subsequent multidimensional un-
folding. Utilities for each participant are
standardized scores representing the rankings
of the screens judged by the viewers.

Step 3: The utilities, or standardized rank-
ings, created in Step 2 were analyzed by mul-
tidimensional scaling techniques using the
SPSS5-X ALSCAL procedure (SPSS, 1988).

Step 4: The MDS dimensions were interpre-
ted and defined through three means: First,
a visual analysis was conducted by examin-
ing and comparing the attributes of the stim-
uli as they were positioned along the resulting

FIGURE 2 [] Sample Response Form for Collecting Data

Screens

Less More
studyable studyable
and readable and readable
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MDS dimensions. Second, the overall prefer-
ences for the screens were calculated to help
define which screens were preferred. Third,
results of regressing 13 adjectives on the MDS
coordinates were used to help define the mean-
ings of the dimensions.

STUDY 1
Method

Participants

Participants were 94 graduate and undergrad-
uate students (41 male, 53 female) from three
major universities in Pennsylvania, New York,
and Colorado. Subjects’ ages ranged from the
early 20s to over 60. Subjects were members
of a variety of instructional technology classes
and received credit for participating in the
study. (Table 2 provides a summary of partic-
ipant characteristics.) Although subjects were
members of instructional technology classes,
they were not familiar with screen design
concepts.

Pretests

Subjects were given tests on embedded fig-
ures and conceptual styles before the treat-

TABLE 2 [ Participant Characteristics
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ment. The Hidden Figures Test (Educational
Testing Service, 1975) is designed to test an
individual’s ability to locate a simple figure
within a larger and more complex figure which
has been organized so as to obscure or em-
bed the target figure. The larger the subject’s
score, the more able the person is to disembed
the simple figure, and thus the more field-
independent or analytical the person is. The
Conceptual Styles Inventory (Kagen, Moss, &
Siegel, 1963) is a 30-item graphic test to mea-
sure a respondent’s predilection to thinkina
relational or analytical manner. Only Part 1
of the inventory (15 items) was used. These
two tests were chosen to investigate whether
analytical viewers react to the screens, and per-
haps to individual text elements, differently
from less analytical viewers.

Primary Task and Materials

Study 1 collected viewer judgments using
the paired-comparison task of model screens,
i.e., screens that control for content effects
through the use of Twyman's notation system
(Twyman, 1981). (Samples of all screens are
shown in Figure 3.) Eight primary text ele-
ments, each with two values, were used in the
design of the screens to aid in the interpreta-
tion of the MDS results. Table 3 presents the
text element configurations of the 32 screens.

STUDY 1 STUDY 2
Model Screen Participants Real Screen Participants
(N = 94) (N = 33)
Variables N % N %
Gender
Female 53 83 7 70
Male 4 17 23 21
Not specified 0 0 3 9
School
Colorado 44 47 33 100
New York 32 34
Pennsylvania 18 19
Age
0t028 37 39 5 15
281039 30 32 8 24
40+ 25 27 17 52
Not specified 2 2 3 9
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An X in the table indicates that that variable
value was present in the design of the model
text. For example, examine screen 1 in Fig-
ure 3 (screen numbers are in boxes at the lower
left side) and note that it contains defined func-
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tional areas, directive cues, spaced paragraph
indication, single line spacing within text, a
model illustration, no status bar, and two col-
umns of text. Descriptions of the eight primary
text elements follow.

TABLE 3 [] Profile of Variables Used to Construct Model Screens

—

- o e
FA oC Pl HD LS IL SB TC
Y N Y N|Spin]Y N SsDs] Y N Y N 1 2

Screen 01 | x X X X x X X X
Screen 02 | x X x X x X x X
Scréen 03 | x X X b X X b 4 X
Screen 04 | x x b X X X X X
Screen 05 | x X b X X b X X
Screen 06 | x X X X X X x X
Screen 07 | x X X X x X b 4 X
Screen 08 | x X X X X b 4 X X
Screen 09 | x X X X X X X X
Screen 10 | x X X X X X X X
Screen 11 X X X X X X X X
Screen 12 | x X X X X X X be
Screen 13 | x X X X X X X X
Screen 14 | x X X X X X X X
Screen 15 | x X X X X X X X
Screen 16 | x X b ¢ b X X X X
Screen 17 X X X X X X X X
Screen 18 x X X X X X X X
Screen 19 X x X b X X X X
Screen 20 X X X X X X X X
Screen 21 b ¢ X X x x X X X
Screen 22 b 4 X X x X X X X
Screen 23 X X x X X X X b
Screen 24 X X X b 4 b X X X
Screen 25 X X X X X X X X
Screen 26 X X X X X X X X
Screen 27 X X x X X X X X
Screen 28 X X X X X X X X
Screen 29 X X X X X X X X
Screen 30 X b X X X X X X
Screen 31 X X X X X X X X
Screen 32 X X X X X X X X
FA: Functional Areas: DC: Directive Cues:

Y = defined on model screen Y = present on model screen

N = no functional areas defined N = no directive cues present
Pl: Paragraph Indication: HD: Headings:

Sp = line space indicates paragraphs

In = paragraphs indicated by indentation

LS: Line Spacing:

Ss = gingle spacing in text

Ds = double spacing between text lines

$B: Status Bar:
Y = status bar present on model

N = no status bar on model

Y = headings present on screen
N = no headings in text

IL: MHustrations:
Y = illustration present on model
N = no illustration on model

TC: Text Columns:

1 = single column of text on model
2 = two columns of text on model
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00000 00000 GF O 00000 00D

XAXXNK AAXXXAAK X XX XXAK XXX XKEX XXKK X
XXHAXK XACEERXKXXKAKK KXLXAAXL XXXKX XKXX
KK SRLKXIN KKXKKK KX KIEAKXLLXKXIK XEX

00000 00000000000 00 O 000 00000

LXXXLRAX XRXAXAXXK XXXXXK XX XXXX XXXX XX
XRAHXKRXK 200K XX XKOXK XK XX 000K XXX XX
XAKXE LHXXXHAIL HROAKKK XK KXXK
KXXX XXX KUK KXUXXXKLXXXK KKK XXXKAX
XAXAXXXX HAK XX HOXKXK XX XX XXLK XXXX XX
porovicrecsBitirsrerePegrepecessosd i
KXXAXX XXXXRACHXXAK XXXXKKXXXK XHKHX XXX

0000000 600000000

KAXKAXKX KXXXAXKL XXXRAK XXXKXKK XX KEXXXX
KAK LHRXXLAK, XXXAXK XK KXAKHCCHXLKX XXX
XEXXXRXXXLXL HXXXXAKXKXX XX XXX KEXXXKXXK XX
XXX XXRULXXXKLX XRXXXKX XX KEXXXXXKXXX XXX

00000 00000000000 0O 0 000 00000

AAXXHKIOK XXLKAXAX XXXXXK KX XXXXK XXXX XK
RAXHKAXK XXX KK XXXAXX XK KX XXAK XXKX XX
FRAXX XRXXXXXXXKXXXX XAIOOOKK XXXKX XXX
XXX XXX XXX KLXXXLXXXXXE KKK XXXXX
FIOCKARHA XXX XX AHXXKK KX XX KOO XXXH XX
HRRXXXHAKXK XXXXXXXXKK XK XXX KHXXKKXX XX
AXXXX XXXXXXXXXXKXK KIXRXKKXAL XXXXX XXAK

IHAAXRKAXRXX XXKAXXXAXEX XK XXX IOOCKXXX XX
AKX AXLXRXXCK XXXAAKX XX XXHRXXKOOK XXX
HKRAXKIOL AXXX KEXRKKX XXXKXXKK HXK

AXKHXAAK KXXK, KAHHEXHN, XKEXXLKXK KKK

[00000 0000 00 000 00000

00000000 0OOC 00 0G0 O 0000]

000000¢ 0 00000000 0000000 00 00000

XXXXKL AXAXK LXXXXXKKXX XAXXKXXXK  XXXXX

XXAAXXHX XXHKHXKXXXK XL XXX XKL XX 300K XAXX X

3000 XXXXKX AAKAXKX XX IOXXIOOOE0K X

000000¢ 000 000 DOGO0O000 DOOOO

XXX XKX KXOKAKK XAXXK XXX XXX EXXXXAXXX

XCOOKXRX XXX KAXXXXAK XXX XXAXX XX

KXXXK KXXXKXARKAIHCAK XXXIKXXKX KHKKK XXX

XXX HXA XXX KXXXXXLXXXKX KAX XXLNX

SDXAAAA XX XX AAXXAAAK XXXXXLX XX 00K

AXXXLXKXXXK XXXXXAXLAXX

000 © 0 00000 00000

0000 0 0 ¢ 00000 0000000 0 GO0000000

AAXHOK X KXXX X KK XKLL XXX HALARX XAXK X

EAX XLXXXXXEAKL XXXAXK XX KAXXKKIOK XXX

XXX X KKK XXXXK KKXXX XXXXX XXX XAXXKXXXX

00000000CD00000 DDOCON

XAXOOOK XAXXXXAN XXAAX XK XXXK XXXK XX

KRRXXK KEKXXXXXKXKXXX KXXKXAXKK XXXXK XXXX

AHXARAXKH XXX XX XKXXXXK XX XX XAXK XXXX XX

KXRIODOAXXK XXXKLHXRXX XK XXX KHKOXKK XX

KEKAKIA KXXX XXKKXXK KXXXXKKK XXX

L2l

HHHHHKR| HRBHH [HHHHHR] HRHHH

IOOOOO 0000 00 000 00000

XXX XHK XXKAK K AKX XODOOOAXNH, XXXX XK
KAXXXK XRAXLLR XAXXXRXKK KKK KXAIXXXXLN,
KAXXKXRLLXAAR XXX XN KXXAKKXXK XXKK XXX

pet et o @ertrerPieePeriitePeert oo
EXXXXXX

H0IOKXNK HUAX MK UK XK XX KKK XXX XK XXX
KXKK ALK HXH HOCK KKK LK KR RKXAXXHXHKKAAX
XXX XXX XXXAX XXXXXAXXK  XXXOK XXXXXXRK
KAEXE XXXEA KX XXX KXKXK XXXXXAK 2106 XXXXX
AXXAAKK XXXHK KXKK XXX

XX XK XXXX XXA XXX HXX XX AKX XXX XXX
AAXXXKAK KX H0K, KXKX KK XXXUK XX XLK K XXKANA
XXXAXKK XXXARLAXXHXHK XXXK KXXX XHXXXX XXX
KXXAK XX KXXXXX KXXX XEXKXKK XAXKXK
LXXXXXAARX XXXXXXXXKS AXXXXXXX  XRKXKOXXK,
XXX XX XXX XXXKX XXX XX X XXAXX XXX XXX
RAAK XHRK XX XXXK XXX KUK XK XXX XXX XXX
XEX XAERKX XKL KKK XAXXK XK XHXKKAX
HXXXXKK XXXKEXXKXKK, KXXK, KXAK KOAXKX XXX

AKX XXKXX KHKKH XXX KK KKK XK XXX 20K XXX
AALXXKK KK KKK HXHK KX AXXKK KK XXX X KXXXXK
KEXXKIN KEXXXXXXKXK XXKX XXXX XKXXXXK XXX
XXHK KX XXERKXL XXXX XAAXKKK XXAXXAX
XXHXAXKIK, XXX

KX RXXXK XX K XAXXXLXLKXXX XKXXK XA XXXOOKK
KEX XX HHK XXXKK XXX XXX X XXKAK XXX XXX
XXX XXX XK XXXXK XX XXXXXXXKXK XX XXX XXX
HAXKKK RXX KKK XXXXKL XXX XEXXXXXX

XK XXXXK KXXX XXX XKXX XXX XK XXX XXX XX XX
HAXHX AKX KAK XRXX XXX XX XXX
KAXKXKXKHHKXNK KKX XXX XKXKX XK XXXXE KXXXX
HRXK XXXXKXKXX KXXX XXXXX XK XXX XXXXK
XXHRXAK XK HHXKKX AXXXXXAX XXXXX XKAX
HAAXXX

AX XXXXK XHXE XXX XXX XK XK XXX KKK XXX
KXKXAXX XX XXX XXX XX KEXKX KK XXX K KXXXXA
RHHXAXKK, KXRXXKXXKXKKXX KKKK XXXK XKEKXX XXX
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FIGURE 3 O continued
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FIGURE 3 [0 continued
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FIGURE 3 [J continued

00000 0000 00 000 00000

XXX XAAKK KX XX XXXXXAXXKX XXXX
K KARKKK KRAHXXKXK KK XREXKNKK XXX
AXXXAAXXKK XKKXXKEAKALXK XXX XX XXXXKXKXX
KEXX XXX XXXKKK AXXXAXK KXXX XXXXXKX XXKLX
KXXX XAX XXXXKXK

XK EXXXE ALLX XXX XKXKX XXK KK XXX
KHX XA KKK HXKIH KHAK XXX XKXX XXX XK AXX
AXXKXEANNKLKK XHAX KXKKX XL HRAKK XXXXX
KXAHK XRXAOXAK XXXX KXXXX XK XXX XXLK
KRXEARARH KK XXAXX XXKXXAXK KIOLHKK XXX
XXAXXXK

XXX XAXAXX XXX KLK XXX XXX XX XXX
XX XXXK XXKXKX XXX RX IXXXXRN XXX XXX

XXAXARHX XXX XK KKK XKL KAX XXX K XHXXK XXX

BRX XARX KEXK XK KXAKX XXX XXX XX KKK KXXK
XXX XAK XXKHXK HAK XXX KO XXX XXAKHLXAK
HRX XXXXK KXKX XXX XXXX XAXK XX XXX
XXX XK AKX XXXXX XXXK XXX XXXK XK XX XXX
KEXKLAFAERRKK XXXXX XAXKL XK I0OKX XXXXX
HRXK RXAXAKNK XXXX RAKKX KA XAK XKXK
HXXEXKK XK XXAXX XXXAXXKK KIXXK XXXX

ETR&D, Vol. 44, No. 2

00000000 000 00 000 O DODO

|HHHKHR] HHHBH [HHRNHH] HRHEE | HHHBY |

KAXLX EXKXXXXXKK XXAX XXKXX XK KXXKK

KXXXARX XXXAXAXXK XX XXX XEK KX XXXX XXX X

XKH XXRKXKXEK XXXRNX KK XXAXXKXLKX XXX

XXX XXXRXXX KHXKHL KXXLX XXX XXXXXXXX

LXARXRKIN, HAXKXXXXK HAXXLXX XX KXXX XAXX XX

HXXXX XXAXRXRIOOORE, XXLXRKXXKXA XXKXK KKK

XXXX XXX XXX AXXXXXXXXXXXK XXX XKXXXX

XXXRXLXKL XXX XXX XXXXXKK XXKLELXX XX XXXXXX

LXXXXXXXKKK XXXKXHXERAAL KX XXX XXXKKXKK XX

KEXXXXX XXXX XXXXXXK XHOAXRK XXX

XXXXXXXLAL XXXXXKXAAL XK K XXXXXAXXAK

Pt ereeinived

| RHHHE [RHHHEN] HRHHE | HHHEHH  [HHHHHR] -

Definition of Functional Areas (FA). Screen sam-
ples 1 through 16 exhibit this graphic tech-
nique. Rules separate the different functional
areas of the screen; that is, the columns of text,
the control panel at the bottom of the screen,
and the status bar at the top of the screen
(when present) are all enclosed in boxes. The
two values were present (screens 1-16) and not
present (screens 17-32).

Directive Cues (DC). Directive cues are ele-
ments that call attention to special words or

areas of text. In this case, directive cues were
“words” of text in bold type (see screens 1--8).
Values for directive cues were present and not
present.

Paragraph Indication (Pl). Paragraphs were in-
dicated in two ways: increased space with no in-
dentation and indentation with no space. Indented
paragraphs (screens 5-8) were indicated in the
customary way of indenting the first line with-
out any added space between paragraphs.
Spaced paragraphs (screens 1-4) were indi-



COMPUTER SCREEN DESIGNS

cated by adding space between paragraphs and
not indenting the paragraphs.

Headings (HD). Headings were indicated by
O’s within the text (screen 1). Values for head-
ings were present and not present.

Line Spacing (LS). Line spacing, or leading,
methods were single spacing (screen 1) and
double spacing (screen 2).

Hlustrations (IL). Half of the screens exhibited
a model illustration (screen 1), displayed as a
large box with an X in it. Values for illustra-
tions were present and not present.

Status Bar (SB). A status bar was placed along
the top of the screen (screen 2). Participants
were told that the status bar provided infor
mation about where in a lesson they were and
about the lesson’s main topics and subtopics—
a necessity in most computer-based lessons
or hypertext/hypermedia. Values for the sta-
tus bar were present and not present.

Text Columns (TC). Text columns had two val-
ues: one (screen 1) and fwo (screen 6).

The2 X 2 X2 X 2X2X2x2Xx 2design
formed by the eight text element combinations
presented 256 possible stimulus combinations.
To reduce this to a workable number (32
screens), a fractional factorial design was used
whereby each level appeared an equal number
of times (Green, 1974). However, each factor
did not appear an equal number of times under
each other factor. For example, the illustration
(IL) and status bar (SB) conditions are mirror
images of each other, as are the text column
(TC) and paragraph indication (PI) conditions.
This means that when illustrations are present,
the status bar is not, and that two columns of
text are always single-spaced while a single
column of text is always double-spaced.

Because of these interrelationships, no main
effects for text element conditions were pos-
sible. Even 32 screen models leads to 496 [32

X 31)/2] discrete comparisons, so a predeter-
mined group of screen pairs was shown to each
subject. A cyclic design was used to determine
the pairs used, with each subject viewing only
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a partial set of stimuli (Spence & Domoney,
1974). Each subject made only 62 comparisons,
one-eighth of the total comparisons possible.
For example, a subject was asked to judge the
readability and studyability of screen 1 com-
pared to screen 32, screen 2 compared to
screen 16, and so on. The eight separate com-
parison routines were alternated with each
subject to ensure that a balanced number of
comparisons were made for each pair across
all subjects.

In all, each comparison pair was viewed at
least 11 times. (Kruskal & Wish, 1978, recom-
mend that each comparison pair be viewed
10 times in a multidimensional scaling study.)
Each comparison pair could then be labeled,
for example, pair 1, pair 2, pair 3, and so on,
up to pair 496. The first subject viewed pairs
that composed Routine 1, or pairs 1 to 62. The
second subject judged the pairs in Routine 2,
pairs 63 to 124, and so on for each of the eight
routines.

Adjective Rating Task and Materials

Recall that the MDS procedures separate the
stimuli into similar and dissimilar groups but
do not interpret the reasons for separating
the stimuli. So, to aid in interpretation of
the MDS results, the subjects “described” the
screens using an adjective differential scale.
The intent of this task was to determine
whether any of the adjectives loaded onto the
MDS screen coordinates through a multiple
regression analysis. If one or more adjectives
regressed significantly on one of the dimen-
sions, those adjectives were said to describe
that dimension and lend support to the vi-
sual interpretation. So, if the term “‘organ-
ized” regressed significantly on dimension 1,
stimuli at one end of the dimension were ex-
pected to be more organized than those at the
other end.

Adjectives on the rating form were selected
before the study by asking a group of view-
ers to describe a selection of model screens.
Their comments formed the basis for an ini-
tial group of 20 adjectives, which were reduced
to the final total of 13 through discussion
among researchers (see Figure 4). In this case,
because of the large number of screens (32),
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FIGURE 4 [T Adiective Rating Scale
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messy neat
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intimidating inviting
static dynamic
accidental controllied

the paired-comparison task was completed
first. Next, a sample of 10 screens that repre-
sented the extremes of the MDS dimensions
were selected. Finally, a random sample of 40
subjects was brought back to rate each of the
10 screens on the adjective scale (one form for
each screen).

Procedures

Study 1 used a paired-comparison test as the
primary treatment. Each subject sat facing two
Macintosh SE computers. All subjects filled
out an information form and signed a release.
They then listened to recorded instructions
which told them to examine and compare each
screen according to “how much [they] would
like to read and study from the screen if it were
an actual screen in a computer lesson.” Par-
ticipants practiced with a set of six compari-
sons to get used to selecting the left or right
image and marking the form; then the actual
task began. Two separate screen samples were
presented simultaneously for seven seconds.
After choosing the preferred screen (left or
right), participants circled the letter L or R on
the response form (Figure 2) and made a mark
on the scale reflecting how much they pre-
ferred one screen over the other. The next pair
of screens was then presented, and the pro-
cedure continued until the subject had com-
pared a total of 62 screens.

As a final activity, subjects rated screens on
the 13-item adjective scale (Figure 4). A sin-
gle screen was shown on a monitor and the
subject examined the screen while marking

the lines associated with the adjectives on the
form to describe that screen. This process con-
tinued until the participants had evaluated a
representative sample of 10 screens.

Results

Results from the multidimensional scaling
analysis indicated that participants evaluated
the stimuli along a common set of two dimen-
sions. The MDS interpretation was limited to
two dimensions because an extremely low level
of stress was arrived at after 44 iterations (.088).
Stress is a measure of the goodness-of-fit of
the calculated solution; the lower the stress,
the more likely the solution represents real-
ity. (Technically, stress is the square rootof a
normalized residual sum of squares.) Figure
5 presents the stress reduction that occurred
when the participant utilities were run through
one-, two-, three-, and four-dimensional
solutions.

The two-dimensional solution was accepted
for interpretation because there was a large
change between the one-dimensional (.252)
and two-dimensional solution (.088), but lit-
tle change between the two-dimensional so-
lution (.088) and the three-dimensional (.046)
and four-dimensional (.044) solutions. The re-
sult favoring the two-dimensional solution
means that there seem to be two constructs
or criteria on which viewers judge the reada-
bility and studyability of model screens. Al-
though the stress level (.088) is very low and
indicates that the empirical solution is valid,
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FIGURE 5 [0 MDS Stress Values for Model Screens along Four Dimensions
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its stability is not perfect (perfect stress = .000),
implying that there are unexplained sources
of variance within the data. The effect of this
instability or inaccuracy is to make the inter-
pretation of the dimensions more difficult be-
cause some screens may be “forced” into a
group in the attempt to create a model with
the best fit. Items forced into groups may not
exhibit the characteristics expected as strongly
as other items in the group.

Figure 6 presents the MDS results for the
model screens in one two-dimensional figure.
The actual two-dimensional coordinates for the

Dimensions

MDS dimensions are found in Table 4. MDS
techniques have no built-in procedures for la-
beling the dimensions. The first step in inter-
preting MDS results is to examine the stimuli
locations on the maps and axis of each dimen-
sion in terms of the objective, visible charac-
teristics of the stimuli. The proximity of the
stimuli along each axis represents the extent
to which one screen is perceived as similar or
different from the others. Within each dimen-
sion, a few stimuli that are perceived as unique
usually stand out separate from the others,
such as screens 1, 3, 4, and 5 in Figure 6.

FIGURE 6 (] MDS Configuration for Model Screens along Two Dimensions

2DiM
3
54
4 18
92
g
1078
. , . 13
DIM1 | . 5 . 1%5 o
-2 -4 1 '1721
2
-1 4
z
%2
X
P
.ol 3t



56

ETR&D, Vol. 41, No. 2

TABLE4 [ Two-Dimensional Coordinates for Real Screens

Screen Dimension 1 Dimension 2 Screen Dimension 1 Dimension 2
SCRO1 0.40 1.73 SCR17 1.81 -~0.19
SCRO2 1.57 0.52 SCR18 1.76 -0.06
SCRO3 0.34 1.80 SCR19 1.65 0.52
SCR04 0.76 1.59 SCR20 1.73 -0.61
SCRO5 0.66 1.63 SCR21 1.75 -0.27
SCRO6 1.51 0.44 SCR22 1.46 ~1.36
SCRO7 1.69 0.09 SCR23 1.46 ~1.44
SCRO08 1.71 0.16 SCR24 1.35 -1.52
SCR0O9 1.44 0.81 SCR25 1.56 -1.33
SCR10 1.68 0.37 SCR26 1.46 ~1.46
SCR11 1.60 0.50 SCR27 1.86 -0.30
SCR12 1.80 ~0.10 SCR28 1.80 -0.34
SCR13 1.77 0.01 SCR29 1.23 -1.79
SCR14 1.68 0.29 SCR30 1.23 ~1.79
SCR15 1.79 -0.06 SCR31 1.12 -1.97
SCR16 1.76 0.07 SCR32 1.51 -1.39

Another step in interpretation is the rank-
ing of utility means of the stimuli to indicate
those that are the most studyable and reada-
ble (see Table 5). The stimuli rankings are an
average of each participant’s utilities (normal-
ized rankings) for each screen, and therefore
indicate which screens the subjects ranked
highest on the factors of studyability and read-
ability. These rankings help determine whether
one end of a dimension represents those sam-
ples that the viewers judged more readable
and studyable or those that the viewers judged
less so. Note that the purpose of multidimen-
sional scaling is not to identify the screens that

subjects liked most, but to sort the screens by
judgments made by the viewers. This proce-
dure only gives an indication of which end
of a dimension may be more preferred than
the other. Because the MDS dimensions re-
flect a statistical effort to group stimuli by the
most salient characteristic, not necessarily by
how much they are preferred, it is likely that
disliked stimuli are scattered among the pre-
ferred stimuli.

Finally, to help interpret the MDS dimen-
sions, adjectives with which the participants
rated the screens were regressed on the MDS
coordinates. The first step in analyzing the ad-

TABLE S [J Ranking of Model Screens by Mean

Rank Screen Mean

Rank Screen Mean

01. SCR25 55.8
02, SCR17 53.7
03. SCR09 52.8
04. SCRO1 51.9
05. SCR0O4 49.5
06. SCR20 48.1
07. SCR21 47.7
08. SCRO8 47.3
09. SCR11 46.6
10. SCR12 46.4
11. SCR29 46.2
12. SCR10 46.1
13. SCR28 43.8
14. SCR32 42.8
15. SCRO5 4.7
16. SCR15 4.3

17. SCR14 42.2
18. SCR13 42.90
19. SCRO3 41.8
20. SCR02 41.4
21. SCR06 41.0
22. SCR24 40.8
23. SCR26 40.7
24. SCR27 40.4

25. SCR23 40.3
26. SCR16 40.2
27. SCR18 40.1
28. SCR30 40.1
29, SCRO7 38.8
30. SCR19 38.4
31. SCR22 36.9
32. SCR31 35.5

Note: The higher the mean, the more the screen was preferred.
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jective scale data was the creation of a corre-
lation matrix (Table 6). The correlation matrix
shows a high degree of intercorrelation among
the adjectives. The intercorrelations suggest
that many of the adjectives were perceived as
similar by the subjects and were poor discrim-
inators. A multiple regression based on this
matrix would have little meaning because the
variance would be split among highly similar
items. Therefore, using Statview 512+ (Brain-
power, Inc., 1986), a principal components fac-
tor analysis using an oblique rotation was
conducted to create a more distinct set of
descriptors.

An oblique rotation was used because of the
intercorrelation among adjective ratings. The
oblique rotation “is more desirable because
it is theoretically and empirically more realis-
tic” (Hair et al., 1979, p. 225) in developing
constructs to explain the adjective ratings. Note
that oblique rotations report two sets of fac-
tor loadings: pattern loadings and structure
loadings. Pattern loadings are the “measures
of the unique contribution each factor makes
to the variance of the variables’” (Rummel,
1970, p. 397). The structure loadings are “"the
product moment correlations of the variables
with the oblique factors” (p. 399) and repre-
sent both the loading of the variable and the
interactions of other factors with that factor.
The pattern loadings are best used for inter-
preting the meaning of the factor because they
indicate the unique contribution of a variable
to a factor and define the simple structure con-
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figuration (Rummel, 1970). The squared struc-
ture loadings, on the other hand, give a
measure “‘of the variance of each variable
jointly accounted for by a factor and the in-
teraction effects of that factor with others” (p.
401). However, because the structure loadings
represent the loading of a variable on the fac-
tor and the interaction of every other factor
with that variable, the interpretative value of
the structure loadings is minimal.

Table 7 shows the pattern and structure load-
ings for the present study. Using the pattern
loadings, the adjectives that loaded on Fac-
tor 1 were: “neat,” “clean,” “organized,”
“spacious,” “attractive,” “readable,” “study-
able,” and “inviting.” Factor 1 is composed
of adjectives that lead to a neat and organ-
ized screen and is therefore called “organized.”
The adjectives that loaded on Factor 2 were:
“planned,” “‘interesting,” “'structured,”
“dynamic,” and “controlled.”” Factor 2 is com-
posed of adjectives that refer to a more micro-
arrangement and composition of the screens
and is referred to as “‘structured.”

Next, the factor scores resulting from the
analysis were regressed onto each dimension
to see if they could help explain the dimen-
sion and lend support to the visual analysis.
The results of the multiple regression showed
that the factor labeled earlier as organization
loaded significantly on the first dimension (¢
= 2.582, p = .01). Neither factor loaded on
the second dimension, though the organiza-
tion factor approached significance (p = .053).

TABLE 6 [] Model Screen Adjective Correlation Matrix

6. 7. 8. 9. 0. 11, 12, 13.

Adjectives 1. 2. 3. 4. 5.
1. Neat 106 90 .76* .53  .63*
2. Clean 1.00 .77 .61* .67*
3. Organized 1.00 .76* .74*
4. Spacious 1.00  .68*
5. Aftractive 1.00
6. Planned
7. Readable
8. Studyable
9. Interesting
10. Structured
11. Inviting
12. Dynamic

13. Controlled

.62*  65* 60* 55 56 .55 .50 .53
.62* .67t .61* 58" .B9* .62 .54 .55
66% 77 76 .65 54 .71* .56 .56
.35 .67 .67 .65 45 .71*  59* .49
700 76 .79 .81*  .61* .74* .66* .63*
1.00 .73* .67 .66 .76 .64 .58 77

1.06 .83* 69* .57 74 61 .63
1.00 .76+ .55 .79* .71* .59*
1.00 .62* .78+ .74 .61*

1.00 .58 .56 .78*

1.00 .77 .63*

1.00  .61*

1.00

*p < .05.
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TABLE 7 (T] Oblique Factor Analysis of Adjectives for Model Screens

PATTERN LOADINGS STRUCTURE LOADINGS
Adjectives Factor 1 Factor 2 Factor 1 Factor 2
1. Neat .86* -.02 .62 - .02
2. Clean 87 —.00 .63 -.00
3. Organized .92* .00 .67 .00
4. Spacious .81t 03 .59 .02
5. Attractive 57 .39 41 .29
6. Planned .15 il a1 .56
7. Readable 64* .31 .47 22
8. Studyable .61* .34 .45 24
9. Interesting .39 .54* .28 .39
10. Structured -.11 .95* -.08 .70
11. Inviting .50* .45 .36 32
12. Dynamic .28 .58* .20 A2
13. Controlled -.11 .98* -.08 71

*Adjective loads on this factor.

Note: The factor procedure used was principal components analysis using an oblique
solution primary pattern matrix transformation method.

With this information and the rankings and
spatial map of MDS coordinates, the dimen-
sions could then be interpreted.

Dimension 1: Organization

The first dimension was initially interpreted
by visually comparing screens that represented
extremes along the horizontal dimension:
screens 1, 3, 4, and 5 against screens 7, 8, 12,
13, 15, 17, 27, and 28. The remaining screens
were not selected because they seemed to be
perceived by subjects as basically similar.
Screens 1, 3, 4, and 5 were viewed slightly
more positively (mean ratings = 46.5) than
the screens in the second group (mean rat-
ings = 44.3). Analysis of the characteristics
of the first group of screens (1, 3, 4, and 5)
showed that all four had defined functional
areas and directive cues. Three of the four used
spacing to indicate paragraphs and had single-
spaced lines and double text columns. The
overall effect of these characteristics is to pres-
ent a balanced, organized appearance. The sec-
ond group of screens (7, 8, 12, 13, 15, 17, 27,
and 28) uses a single text column in half the
samples and fewer graphic devices, present-
ing a lighter, less cluttered appearance and a
lack of aesthetic balance.

Only three of the eight screens use boxes
to define functional areas. Half of the screens

use spacing and half use indentation for para-
graph indication. Half of the screens use di-
rective cues and only two of the screens (13
and 17) use headings. As reported in the pre-
vious section, the first adjective factor, orga-
njzation, also loaded heavily on the first
dimension. Viewers appeared to notice the
gross arrangement of the screen, focusing on
the lines that define functional areas and the
spaced paragraphs, elements that create screens
that can be described as organized, readable,
and studyable.

Dimension 2: Visual Interest

The second dimension (vertical axis in Figure
6) is more obvious in differences among vi-
sual characteristics than the first. The second
dimension was interpreted visually by com-
paring screens 1, 3, 4, and 5 against screens
24, 26, 29, 30, 31, and 32. Note that the for-
mer group is the same set of screens as in the
first dimension; it is not unusual to have stim-
uli share features of both dimensions. The di-
mensions in multidimensional scaling are not
orthogonal but share features to a greater or
lesser degree—in this case, to a greater de-
gree. Again, screens 1, 3, 4, and 5 were rated
higher (mean ratings = 46.5) than screens 24,
26, 29, 30, 31, and 32 (mean ratings = 41.0).
The screens in the latter group are much more
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open, plainer, and less interesting than those
in the former group. Four of the six are dou-
ble spaced and have no illustration. Five of
the six use only one text column. None of the
screens has functional areas defined.

As reported previously, neither of the ad-
jective factors regressed significantly on the
second dimension, although the first adjec-
tive, organization, approached significance (p
= .0528; see Table 9). This is not unusual, since
the same four screens represent the positive
end of the dimension. Hence, screens 1, 3, 4,
and 5 are judged as more studyable and read-
able than the others. To the viewers, these
screens had the best combination of text ele-
ments, providing visually attractive, interest-
ing, and intriguing screens.

Field Articulation, Conceptual Style, and Gender

Field Articulation. The field articulation results
were split into four categories: high field de-
pendence (those that fell into first quartile of
the total possible score), low field dependence
(second quartile), low field independence
(third quartile), and high field independence
(upper quartile). The MANOVA compared the
categories against the average utility score for
each screen and showed no significant differ-
ences among the categories (Pillais F = 1.212,
p = .194) across any of the screens.

Conceptual Style. The conceptual styles test pro-
duced two scores: a score representing ana-
lytical thinking and a score representing
relational thinking. Both scores were analyzed.
First, the analytical scores were split into three
categories: low analytical (lower 33% of total
possible score), moderate analytical (mid 33%),
and high analytical (upper third). The cate-
gories were then compared to the utility screen
score for each screen. The MANOVA showed a
significant difference (F = 1.475, p = .035)
overall. However, when the conservative
Scheffé test was used to compare the three an-
alytical score means within each screen, no
specific differences were found, nor was any
trend discernible indicating that the MANOVA
may have picked up a difference in a single
screen. A single difference, or even a few, does
not give enough information to draw any con-
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clusions about subjects’ analytical styles and
their perceptions of screens.

After examining the analytical scores, the
relational scores were examined in the same
way: low, moderate, and high relational scores.
Again, the MANOVA showed an overall signifi-
cant difference (Pillais F = .962, p = .008).
The Scheffé post hoc comparison found one
significant difference (p < .05) in screen 13 (low
relational = .055, high relational = .145). How-
ever, a difference within one screen out of 32
screens is probably an anomaly and does not
provide the basis on which to draw any con-
clusions related to how relational thinkers view
the screens.

Gender. Finally the screen utility scores were
again used as the dependent variable in a
MANOVA comparing male and female judg-
ments for the 32 screens. No significant dif-
ference (Pillais F = .350, p = .562) was found
between gender within any of the screens.

STUDY 2
Method

In most respects, Study 2 used the same meth-
odology as Study 1. Differences are noted in
the following discussion.

Participants

Participants in Study 2 were 33 graduate and
undergraduate students from the University
of Colorado at Denver. (See Table 2 for a sum-
mary of participant characteristics.) Subjects’
ages ranged from the early 20s to over 60. There
were 23 males, 7 females, and 3 subjects who
did not report gender. Subjects were members
of a variety of instructional technology classes
and received credit for participating in the
study. None of the subjects participated in
Study 1 and none was familiar with screen de-
sign concepts.

Primary Task and Materials

While Study 1 was highly controlled in that
it used eight text elements to create a series
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of model screens, Study 2 was less controlled
so as to expand the definitions and generali-
zability of the constructs identified in Study
1. The models employed in Study 1 created
screens that were free from content, therefore
enabling subjects to focus on the overall de-
sign of the screen (Grabinger, 1984, 1987;
Grabinger & Amedeo, 1988). However, though
free from content, model screens are not very
generalizable to the real world. Also, models
built from a limited number of text elements
show relatively little variation among most of
the screens.

In contrast, Study 2 examined viewer judg-
ments of paired comparisons of real screens
copied from existing programs. An additional
step not used in Study 1 began with the se-
Tection of 40 screens from a variety of Macin-
tosh instructional computer tutorials. The
author sampled screens that represented a
wide variety of design characteristics, from
simple to complex and from plain to sophis-
ticated. Screens with many graphic features
and a sophisticated design appearance were
chosen, as well as ones with few text elements
and little sophistication. Next, the 40 screens
were copied onto paper and shown to 20 grad-
uate students (these students did not partici-
pate in the paired-comparison task). The
students were asked to judge the studyability
and readability of each screen and place a mark

ETR&D, Vol. 41, No. 2

on a 100-millimeter line to indicate their judg-
ments. The ratings of each of the 40 screens
were averaged and the 10 highest rated and
10 Jowest rated screens were chosen for the
paired-comparison task. The intent was to
identify a set of highly different screens to help
emphasize underlying judgments. The 20
screens are shown in Figure 7. Aside from this
added step, Study 2 proceeded in the same
manner as Study 1.

Procedures

Task completion and administration proceeded
in the same way as Study 1. Even though there
was a smaller number of screens, as in Study
1 an incomplete matrix design had to be used
to prevent subject fatigue. Howeves, due to
the smaller number of screens, the compari-
son routine differed. Twenty screen displays
have 190 discrete comparisons [(20 x 19)/2)],
so each participant made 95 comparisons.
Eight separate comparison routines, each with
95 pairs, were created to vary the order of the
comparison pairs across the participants. As
in Study 1, a cyclic routine was used (Spence
& Domoney, 1974). The eight routines were
alternated to ensure that a balanced number
of comparisons were made for each pair of
screens. In all, each unique pair of stimuli was
viewed at least 15 times.

FIGURE7 [0 RealScreens Used in Paired- Componson Task
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Inthis lesson, you'll be encouraged to

Just the Facts understand conventional composition
552868008080588

where o Whar. ;;lr;:lflples as a means of doing good camera

Keep in mind that there are many who
believe that there are "no right ways or wrong

filternatives

ways" inherent in good composition technique.
There are, however, certain standards that
should be taken into account when certain
effects are attempted. It is better to deviate
from convention for a purpose than to have
never learned the convention and to compose
|maes "w1lhe mllle . (more)




FAGURE7 O continued

lNutrItlon Information 'Euchane System § Calculators § Miscellaneous
Nutri-Stack Introduction

Welcome to Nutri-Stack

Nutri-Stack is intended as an aid for people interested '
in good nutrition. It was developed to support the
Colorado Heart Association "Slim for Life” program. %

The information in this stack, while believed to be
accurate, is not a substitute for a nutritionist or
physician and does not constitute a complete program

for nutrition or weight loss. Be sensible, see a doctor

before undertaking radical changes in lifestyle.
Be Healthy
Larry Rowland

© Copyright 1988 by Lerry Rowland §§

| S — — — o

The ground floor of the merchant’s house was [
where business was conducted. The home weas | |
located in one of the better quarters of the
town or city.

There were two rooms on the first floor for
conducting business.

In the front was the workroom where the
spprentice put in long hours. It was likely
to be piled with a variety of merchandise -
skins, furs, silks, utensils, copper wire,
iron tools, - whatever the merchant was
dealing in. But the most important item was
wool, which was rew, semi-finished, or
finished.

In the rear was the counting room where the
merchant and perhaps his oldest son did

Circulation

There is an opening between the right and left
auricles known as the forman oval, and a small
shuting vessel known as the ductus arteriousus
between the sorta and the pulmonary ertery. The aorte
formen ovale permits incoming blood to flow into
either auricle, and the ductus arteriosus permits
blood pumped out by both ventricles to enter the aguctus orteriasus

auric/as

general circulation. After the baby is born, farmen aval
however, the foramen oval gradually seals up and

the ductus arteriosus constricts and shuts off. pulmanery ertery
When these closures sre complete, the right vaniriclas
ventricle pumps blood only to the lungs, as it does

in an adult

(o4 ] Find_ ¢ «= (6B ] Return [HELP)
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John Sculley, EDUCOM Conference, LA 10/28/87

The Relationship Between Business and Higher Education:
A Perspective on the 21st Century

By John Sculley

CEO and Chairman of the Board, Apple Computer, Inc.
EDUCOM Conference, Los Angeles, Californie
October 28,1987

We are privileged to live during an extraordinary time. It is the turning of

an ere. The world is in passage from the industrial age to the information
age. This is a time of profound changes, in which the key economic resources
in the world will no longer be capital, labor and raw materials, but rather
knowledge, individual innovators, and information

Technologies which are emerging today will give us the ability to
explore, convey, and create knowledge as never before. This has enormous S

o

Developer Stack”

£ mwm'“-Wmmm—.ww’a#mﬂfm.‘.ﬂ-fmj'-l;tu' :
1 OWANll|DeProtect e [y e

Calling this will let you remove the standard Hypercard protection from any
stack created under HyperCard 1.1 or eartier. W does not appear to work
reliably with stacks created under HyperCard 1.2. Make sure you are working
on a backup copy of the stack you want to remove protection from.

Thanks te:

Syntax: l Install... |

DeProtect <filePathName> DNotes

<filename > is the full path name of a Hypercard Stack

1 of 185
If ne value is returned to ‘the result’, then deprotection

was successful. | Cancel '

O EEEEEEEEEE R

About the

Instructional This track is intended to develop
personnel in schools who are able to
administer and apply technologies in
Program Track classrooms and other instructional
settings. The instructional computing
graduste has responsibilities that '
include computer skills; curriculum
planning and computer integration;
staff development; hardware and
software evaluation; design,
production, and evaluation of
courseware; and management of
computers in the classroom.

Computing
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FIGURE? [0 continued

MenuField

Home Script

Function
Keys

2ee

Whetls It

‘Groupies® is a collection of messages that do operations on
groups of HyperCard buttons and / or fields. Hope you enjoy them!
Sioux

There are 3 different ways you can set up to yse ‘Groypies'”

® You can copy the ‘menuField’ (upper-left on this card), and paste it onto
any card that contains objects that you'd like to group. Whenever you
click on an option in your menuField, the operation will be performed (e
‘Groupies’ message will be sent.)

o 0r, you cen copy and paste this steck's script inte your Home steck.
Then, to activate the various ‘Groupies’ messages, just type the one you
want into the message box, and follow the prompts.

o 0r, if you have an extended Macintosh keyboard, you can take
advantage of the ‘on functionKey' handler (also in this steck’s
script). Use function keys FS thru F11 to send

‘Groupies’ messages

(See next cards for details.)
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| What 1s AIDS7 I Common Questions

Aids is a serious condition
adversely affecting the body's
ability to combat infection.

A person is diagnosed with
AIDS when that person
develops a life-threstening
illness not normally found in
those with healthy immune

systems

Command: setVideoPlayer <type of player>
Summary: Sel \ne lype o} Pibyer DEINY useb.

Parameters:
type of plager the namae af tha glayer ta be usad

Descri pt ion: This command sets the player type and then calls “controlVideo

defaultComm ™ to set the default communications configuration. Each
Player drver has Ywo hames . 3 Shor hame anb 2 wnhg name
("P4200" and "Pioneer 4200", for example). Either name can be
wsed Tur Satllivine® oy |

After uging setVideoP lager | it ix qeoecally 4 qpad idea ta uce tha
videoStatus function to check that the player is connected and
powered up (videoStatus will return “noAnswer ~ if it can't
communicate with the player). It is then a good idea to issue 2
“controlVideo reset™ command to make sure the player is ready fo go
and in a known state.
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| Acgquired Immune Deficiency Syndrome (A/DS) I AIDS Glossary

An acquired disease Although the cause of AIDS is

characterized by severe not positively known, the

damage to the body's natural current prevailing theory is

immune system that AIDS is the consequence
of infection with the HIV

A person with AIDS becomes virus which is transmitted

susceptible to & variety of through intimate sexusl
opportunistic infections and contact or infected blood.
cancers that are not a threat

to people with normal immune

systems

c:mmamcmn £

HyperChart is a powerful and versatile stack for presenting tabular information in 3 variety of Line,
ARea, pie, Bar, and Stacked Bar charts. It contains many of the features found in expensive,
high-powered commercial graphing programs. Ther are literally dezens of combinations of eptions that
you can use to give your graphs style and impact.

To set up a new data table:

1. Press the RESET button to empty all tables and reset all buttons

2. Enter the Graph Title

3. Enter the Y-Axis title, for example: “$ Sales (1000°s)". For lengthy titles, you should select the
vertical display button/option to open up more space for the title.

4. Enter the Name of the X-Axis titles to be entered, i.e. “Month™ for the months Jan, Feb, etc.”
S. Enter the X-Axis titles, i.e. “Jan, Feb, etc.”

6. Enter the Name of each column of data to be entered in the FIRST LINE of the appropriate column,
ie. "SalesA, SalesB, etc.”

7. Enter the data to be graphed for each column beginning in the SECOND LINE of the appropriate
column

ko & o[

Alsfc|o]efr|e[u]i]u]x|L|m|N[o]P]alr|s]T]u]v|w]x]v]z

Want to learn how to fingerspell in
American Sign Language? With FingerSpell

you can: character by character, or word
by word. And, you chocse how quickly

words are spelled and whether the words
are spelled with visual and/or audio

remereement [ signoniy

The images in FingerSpell were digitized

from the book “A Basic Course in American

Sign Language,” by Humphries, Padden,

l:;l::]rke, and Paul (T. J. Publishers, Inc.,

I%Ision 1.0 <:D
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2

Step two is to construct column one of the cart.
Assemble one small block and three large blocks
end to end making certain that the square notch
at the base of each block i3 on the top side.
When this is completed, repeat this procedure
to form the second column.

MULTIDIMENSIONAL SCALING (or MDS) is a set of mathematical

techniques that enable & researcher to uncover the "hidden structure” of date
bases, as illustrated below. The authors, who are among the pioneers in
developing and using these techniques, deal very concretely with the problems
really faced in using them, and present vearied applications.

An example illustrating an interesting MULTIDIMENSIONAL SCALING
application in political science involves date from a 1968 election study
conducted by the Survey Research Center of the University of Michigan. Each
respondent in a national sample evaluated 12 actual or possible candidates
for President of the United States. How similarly did the public view the
candidates? What identifable features cen we discern in the varying
evaluations of the candidates that can help us understand what led individual
citizens to their decisions? MULTIDIMENSIONAL SCALING cen help answer
these questions by locating the political candidates in a spatial configuration
or “map.” Once we have located the candidates or points in (multidimensional)
space, we seek to determine the hidden structure, or theoretical meaning of

this spatial reprresntation of candidates.
Applying MULTIDIMENSIONAL SCALING to these data provides a way of
reducing the deta about 12 candidates to two dimensions representing the

MULTIDIMENSIONAL SCALING {or
MDS) is a set of mathematical
techniques that enable a researcher o
uncever the "hidden structure” of data
bases, 85 illustrated below. The
authors, who are among the pioneers in
developing and using these techniques,
deal very concretely with the problems
really faced in using them, and present
varied applications.

An example iljustrating an
interesting MULT IDIMENSIONAL
SCALING application in political
science involves data from a 1968
election study conducted by the Survey
Research Center of the University of
Michigan. Each respondent in & national
sample evaluated 12 actual or possible
candidates for President of the United

Stetes. How similarly did the public
view the candidates? what
identifable features can we discern
in the varying evaiuations of the
candidates that can help us
understand what led individual
citizens to their decisions?
MULTIDIMENSIONAL SCALING canh help
answer these guestions by locating
the political cendidates in a spalial
configuration or "map.” Once we have
located the candidates or points in
(multidimensional) space, we seek to
determine the hidden structure, or
theoretical meaning of this spatial
reprresntation of candidates.
Applying MULTIDIMENSIONAL
SCALING to these data provides a way

of reducing the data about 12 factors.
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cells in the columns of matrix X.

Incomplete Matrices

Several procedures are available for obtsining
estimates of the scale of velues when, for one
reason or ahother, the matrix “X" conteins
unfilled cells.

Traditional Procedure

if the unit of measurement is specified so that ¢
i3 equel to unity, it follows that the theorstical
equations for stimuls k and stimulus k+a can be
written.

1t is thus seen that, for erroriess deis, the
difference for any value of j is equal to the
difference in scele values. 1 like manner, the
corresponding differences between observed x
values is an estimate of theis difference in scale
values. For any two stimuli, there will be as
many such estimates as there are filled pairs of

Matrix P
| 1 2 3 4
1 1.000 0.935 0.975
2| o.000 0.000 0.025
3| 0.065 1.000 0.690
4| 0000 0.840 0.065
5]/ 0025 0945 0310 0.160

L]

Home | Glossary

Calculating Matrices

Theoretically, 8 in equation 29 may take any
value from 1 to n-k. inectus! practice,
howerver, differences are obtained only for
stimulit thet are sdjacent on the ettribute being
scaied. Adjacent stimuli will ordinerily have
more filled cells in commen and will give more
reliable estimates of differences. The usual
pracedure when constructing the matrix X is to
arrsnge its columns in renk order with respect
ot the sttribute. The rank is given by the rank
order of the sums of the columns of matrix P.

Help ]

Contents

Space: The Final Frontier

It was a lofty ethical struggle, all right, when
| was offered an all -expenses-peid junket to
Japan, courtesy of the Japanese Trade
Ministry. Would | be compromised by the
cusy first-class sccommodations, and
perhaps the stray geisha? After a deep
examination of my soul which consumed
somewhat less time than & font change on &
10-page Word file), | decided of course not!

Why did Jesmine quote different SIMM prices
on the same day? Jasmine's supply of
$39.95 SIMMs dissppesred rapidly, so many
readers of the January and February issues
were quoted & higher price than that

The earth provided & view (ha! exceed (e moon s
| capacity to bore with ifs monochromalic color
| scheme

Color increases the range and qualityof e
painting more than any other single element
does. However, color also complicates your work
introducing edditional tool requirements. For
exsmple, you need to be able to select colors
quicly both from s palette and directly from the
page.

if you use Adobe Type Meneger in
combination with one of the trhee color paint
programs that offer antialias type largs type
may appesr quite smooth and readabie when

printed.

sdvertised. Another change is the bresdth of
tech support. “Jasmine tech support used to
provide & lot tech support on non-Jssmine
questions, such as questions about software
INITs

=3
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FIGURE7 O continued

Color increases the range and qualityof o
painting more than any other single element
does. However, color also complicates your work
introducing additional tool requirements. For
example, you need to be able to select colors
quicly both from s paiette and directly from the
page.

If you use Adobe Type Manager in
combination with one of the three color paint
programs that offer antialias type large type

may appear quite smooth and readsble when

printed.

Results

Participants (N = 33) performed comparisons
on 20 real screens. Results from the MDS anal-
ysis of judgment data indicate that the sub-
jects evaluated the real screens along a single
dimension. Figure 8 presents the stress results
that occurred when the participant utilities
were run through one-, two-, three-, and four
dimensional solutions. The MDS solution cho-
sen for interpretation was limited to one
dimension because the level of stress was ex-
tremely low (.009). Stress actually increased
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in the subsequent MDS analyses, indicating
that the MDS procedures did not identify any
other spatial arrangement that represented the
similarities and differences among the screens.
The resulting one-dimensional solution implies
that there is one primary construct or crite-
rion on which viewers judged the readability
and studyability of the real screens.

Figure 9 presents the MDS results in a sin-
gle one-dimensional figure. Recall that MDS
results have no built-in procedures for label-
ing the dimension. The first step, then, in
interpretating the MDS results for the real

FIGURE 8 [1 MDS Stress Values for Real Screens along Four Dimensions

0.08 »
0.07 ¢
0.06 ¢
0.05 ¢
0.04 ¢
0.03 ¢+
0.02 4
0.01

0= »

Stress Level

Dimensions
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FIGURE 9 (J MDS Configuration for Real Screens in One Dimension

14

13 15
12

115
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screens is to examine the stimuli locations on
the map and axis of the dimension in terms
of the objective, visible characteristics of the
stimuli. The locations of the stimuli along the
axis represent subjects’ perceptions of how
similar or different one screen is from the oth-
ers in terms of readability and studyability. The
actual coordinates for the real screens are found
in the “Coordinate’”” column of Table 8. Note
that the screens are grouped into two distinct
groups: screens 1, 2, 4, and 6 and screens 3,
5, and 7--20.

Another step in the interpretation of the one-
dimensional MDS solution for real screens is
the ranking of the utility means of the stim-
uli from the raw rating scores to identify the
most studyable and readable stimuli (see the
columns labeled “rank” and “mean’” in Ta-
ble 8). Screens 1, 2, 4, and 6 have a more pos-
itive mean ranking (mean = 27.5) than the
other screens. Therefore, the left end of the
dimension represents the more positive aspect
of the dimension. Most of the screens are clus-
tered together along the right end of the di-
mension, which probably means they were
judged slightly less readable and studyable (M
= 34.5).

Note that screen 9, the highest rated screen,
actually falls in the larger group. This is an
example of a peculiarity of MDS techniques
and the effect of less-than-perfect stress (per
fect stress = .000). The groupings are a re-
sult of statistical compromise, and the MDS
analysis resulted in screen 9 being placed in
the larger group.

Finally, to help interpret the MDS dimen-
sion, adjectives with which the participants
rated the screens were regressed on the MDS

' t 1 T 1

1 9819 2
10

17
20

coordinates. In this case, participants rated
each of the 20 screens immediately following
the paired-comparison task. The same adjec-
tives used in Study 1 (Figure 5) were used in
this study. As in Study 1 (see Table 6, for ex-
ample), the correlation matrix showed a high
degree of intercorrelation among the adjec-
tives. Therefore, a principal components fac-
tor analysis using an oblique rotation was
conducted to create a more distinct set of de-
scriptors. Table 9 shows the three factors, While
Study 1 showed two factors, Study 2 added

TABLE 8 [] Redal Screen Coordinates
and Rank

Screen Coordinate Rank Mean
SCRO1 -2.11 8 28.7
SCR02 ~2.10 3 22.2
SCRO03 1.30 12 35.8
SCR04 -2.12 7 28.2
SCRO5 1.30 15 38.5
SCRO6 ~2.12 11 30.7
SCRO7 1.29 4 25.5
SCRO8 1.30 13 36.7
SCR09 1.29 1 21.7
SCR10 1.30 14 29.5
SCR11 1.30 9 29.2
SCR12 1.31 2 21.8
SCR13 1.29 19 454
SCR14 1.30 10 29.5
SCR15 1.31 20 49.0
SCR16 1.31 18 45.1
SCR17 1.30 16 39.4
SCR18 1.29 5 26.7
SCR19 1.29 6 27.4
SCR20 1.31 17 43.3
Note: Low mean is judged most studyable and
readable.
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TABLE 9 [ Redl Screen Ranks by Utility Mean

Rank  Screen  Mean Rank  Screen  Mean
01. SCRO9 21.7 11. SCRO6 30.7
02. SCR13 21.8 12. SCR03 35.8
03, SCR02 22.2 13. SCR08 36.7
04. SCR0O7 25.5 14. SCR10 37.0
05. SCR18 26.7 15. SCR05 38.5
06. SCR19 274 16. SCR17 394
07. SCR04 28.2 17. SCR20 433
08. SCRO1 287 18. SCRi6 45.1
09. SCR11 29.2 19. SCR12 454
10. SCR14 295 20. SCR15 49.0

Note: Low mean is judged most studyable and readable.

one more factor. This indicates that there was
a richer set of stimuli to describe, making the
discriminations among the stimuli easier and
richer.

The adjectives that loaded on Factor 1 (Table
10) were: “‘attractive,” "‘readable,” “‘study-
able,” “interesting,” “inviting,” and “dy-
namic.” (Remember that the pattern loadings
are used to interpret the unique contribution
of each variable to that factor.) These adjec-
tives refer to the aesthetic qualities of the screen
and indicate that users evaluated screens on
their visual interest; accordingly, this factor was
labeled “interesting.” The adjectives that
loaded on Factor 2 were: “neat,” “clean,” and
“organized.” These adjectives refer to the
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use of space to create an organized display
and were collectively labeled “organization.”
The adjectives that loaded on Factor 3 were:
“planned,” “‘structured,” and “controlled.”
These adjectives seem to refer to the inherent
structure of the text elements to indicate con-
tent structure; therefore, this factor was labeled
“structure.”

Next, the factor scores resulting from the
factor analysis were regressed onto the dimen-
sion. The results of the multiple regression
showed that Factor 1, interesting, loaded sig-
nificantly on the dimension (t = 4.46, p =
.0001). Factor 3, structure, also loaded signif-
icantly on the dimension ( = 5.093, p =
-0001). Factor 2, organization, was not signif-
icant {f = 1.006, p = .315). With this infor-
mation and the rankings and spatial map of
MDS coordinates, the dimension can be
interpreted.

MDS Dimension: Aesthetic and Organizational
Qualities

On a visual basis, the MDS dimension (Fig-
ure 9) clearly separates screens 1, 2, 4, and 6
(most readable and studyable) from screens
3, 5, and 7-20 (least studyable and readable).
The former group of screens along this dimen-
sion show strong aesthetic and organizational
qualities. Screens 1, 2, 4, and 6 are aestheti-

TABLE 10 [0 Oblique Factor Analysis of Adjectives for Real Screens

PATTERN LOADING STRUCTURE COEFFICIENTS
Adjectives Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
1. Neat —.56 1.24* 12 —.26 71 .06
2. Clean -.72 1.29* .20 —-.36 .75 11
3. Organized .00 .90* -.01 .00 .52 -.01
4. Spacious .36 .78* -.30 17 .45 .16
5. Attractive .79* 22 -.06 37 13 —-.03
6. Planned 16 .16 .61* .08 .09 .33
7. Readable .56* .35 .00 .26 .20 .00
8. Studyable 77 .33 -.17 .36 .19 —.09
9. Interesting .98* -.09 .00 .46 —.05 .00
10. Structured ~.40 -.25 1.36* -.19 -.15 73
11. Inviting .95* .16 ~.21 .45 .09 -.11
12. Dynamic 1.05* -.23 .00 49 —.14 .00
13. Controlled .03 -.06 .88* 01 —-.03 47

*Adjective loads on this factor.

Note: The factor procedure used was principal components analysis using an oblique solution primary

pattern matrix transformation method.
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cally well-balanced with defined functional
areas, multiple columns of text and buttons,
and with white space that is around the exte-
rior screen margins. The screens also use
boxes, icons, shading, and illustrations. They
are complex and interesting, but not too com-
plex, with easily identifiable areas of text, but-
tons, and illustrations. The content appears
structured using headings, some spaced para-
graphs, and bold or italics for emphasis.

The other screens (3, 5, 7-20) show two gen-
eral characteristics that are viewed negatively:
they are either filled with text—plain, crowded,
and with few graphics—or they are unbalanced
and unattractive, with large areas of white
space and a disorganized appearance. The ad-
jective loadings also support this visual inter-
pretation. Adjective Factors 1, interesting, and
3, structure, describe the dimension. Viewers
separated the screens on this dimension by
placing screens that are attractive, interesting,
planned, and structured on the left end of the
dimension.

Field Articulation, Conceptual Style,
and Gender

The same MANOVA design used in Study 1 was
used to compare field articulation, conceptual
styles, and gender to the utility rankings of
each screen. No differences were found, with
the results being Pillais F = 2.703, p = .128
for field articulation; Pillais F = 1.427, p =
.860 for analytical conceptual style; Pillais F
= 1.301, p = .954 for relational conceptual
style; and Pillais F = .789, p = .212 for gender.

DISCUSSION

The Dimensions: Criteria for Evaluating
Readability and Studyability

The purpose of using multidimensional scal-
ing techniques is to discover constructs that
may help explain phenomena or to guide the
design of instructional computer screens. In
the case of model screens, the MDS techniques
uncovered two evaluative dimensions. In the
first dimension, viewers separated the screens
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by perceived organization. The definition of
functional areas with space, boxes, and lines
and the use of headings, directive cues, and
spaced paragraphs combined to present a
planned, controlled, organized, and structured
appearance (see, for example, screens 1 and
5 in Figure 3). Organization was the most im-
portant dimension for these viewers because
they were selecting screens from which to
study. Perception, reading, and studying are
processes that require organization of elements
as an initial step (Fleming & Levie, 1993}, so
any design that employs techniques that re-
sult in a well-organized display appeals to view-
ers more than a design that employs few such
techniques.

The second dimension from the model
screens indicates that visual interest is also an
important criterion. Screens that are plain, sim-
ple, unbalanced, and bare are perceived as un-
desirable (see, for example, screens 30 and 32
in Figure 3). Visual interest refers to screens
that use text elements in such a way as to cre-
ate an environment that invites exploration.
A moderate degree of complexity is part of
this environment, and the same factors that
can help create organized screens contribute
to a complex, visually interesting screer: lines,
boxes, illustrations, and the placement of white
space along the margins of the screen.

The results of Study 1, using a larger sam-
ple of model screens and eight controlled text
elements, refine the definitions of earlier iden-
tified dimensions (Grabinger, 1984, 1987;
Grabinger & Amedeo, 1988). However, this
study differed from earlier studies in that only
two criteria or dimensions were found rather
than three. Specifically, one of the two dimen-
sions identified here appeared to reflect a com-
bination of two of the earlier dimensions:
organization and structure. In addition, the
earlier studies defined spaciousness, but in
this study, visual interest seemed to be a more
important criterion. These differences may be
due to two reasons. First, the larger sampling
of screens presented a great many options with
little variability, so the vast majority of screens
were perceived as similar and only a few stood
out as unique (see horizontal axis of Figure
6). This lack of variation probably served to
narrow the differences and hence the criteria
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used to evaluate those differences. Second,
spaciousness was a tertiary criterion in the ear-
lier studies and probably was not used by view-
ers in this study. The eight text elements, each
with two values, created a larger number of
options, with few of the screens exhibiting a
significant amount of spaciousness. So, instead
of separating screens by spaciousness, view-
ers used the criterion of visual interest to eval-
uate the more complex model screens of this
study. In sum, this implies that when view-
ing model screens, viewers first look for screens
that are organized to help them in the pro-
cess of studying, and then look for screens
that are intriguing or visually interesting.

While the use of models permits an exami-
nation of viewer perceptions in a controlled
environment, generalizing from the model
screens to real applications may not be tena-
ble (Ross & Morrison, 1989). The purpose of
comparing judgments of real screens against
model screens was to determine if the same
results carried across to more practical appli-
cations. Study 2 indicated, as did Study 1, that
organization and visual interest are important
criteria in judging the readability and study-
ability of the real screens. For example, screens
1, 2, 4, and 6 (see Figure 7) present displays
that are complex yet well organized, with dis-
tinct areas for buttons, illustrations, text, and
titles. These screens are visually complexand
interesting and give the impression that the
content is well planned and well organized.

While these results are quite similar to the
results of the model screens, it is surprising
that there were no secondary or tertiary criteria
or dimensions. It seems that both of the di-
mensions found in the model screens collapsed
into a single criterion in Study 2. The real
screens show a great deal more variety than
the model screens, which seemed to facilitate
making a decision. The model screens were
judged very similar and required more care-
ful analysis and the construction of alterna-
tive criteria for making judgments. Finally, the
actual content of the real screens seemed to
have no effect on judgment. There seemed to
be no common theme among the four screens
(1, 2, 4, and 6 in Figure 7), nor did informal
post-study interviews indicate that content was
a factor in judging the screens.
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individual Differences

Neither study found any generalizable differ-
ences or preferences as a factor of differences
in field articulation, gender, or conceptual style
of viewers. The few significant comparisons
appeared to be isolated findings without clear
meaning or support from related analyses. Ad-
mittedly, this exploratory effort was to deter-
mine if those individual differences mattered
in judging readability and studyability from
the appearance of the screens. Since the task
examined the most initial phases of percep-
tion and did not require extended analysis of
the parts of the screens, there probably was
not time for field articulation and conceptual
style to play a significant role. One difference
that was not analyzed but that may be a fac-
tor is familiarity with the Windows or Macin-
tosh operating environments. Subjects who
have familiarity and experience with these en-
vironments may have developed expectations
about what a screen should look like, while
novices may not have such preconceptions.

Design Recommendations

The constructs of organization and visual in-
terest provide some rules of thumb for arrang-
ing numerous text elements to create readable
and studyable screens. Rather than focus on
individual text elements, computer-based in-
struction and hypermedia producers can in-
stead focus on arranging text elements so as
to create organized, structured, and visually
interesting screens.

Provide a macro level of organization. Generally,
the most useful way to operationalize these
constructs is to organize the screen into func-
Honal areas. Designers should decide on where
status and progress information, navigation
buttons, content displays, control buttons, and
illustrations will be located, and use graphic
devices such as shading, lines, and boxes to
separate one area from another. Screens 1, 2,
4, and 9 in Figure 7 are good examples: titles,
text, and buttons are clearly separated using
lines, white space, and shading. This design
technique works only when consistency is also
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practiced. The functional areas should appear
in the same locations, and the devices used
to define them should be the same through-
out a program and its parts.

Use structure to create a micro level of organiza-
tion. Following these macro-level analyses, de-
signers should then consider how the screen
can reflect the structure of the content. Gen-
erally, users prefer screens that use headings,
directive cues, and spaced paragraphs to in-
dicate the hierarchy of the content and to break
the content into studyable chunks of informa-
tion (see screens 8, 9, 10, and 17 in Figure 7).
This can be achieved by using headings as or-
ganizers and directive cues to point out im-
portant terms and phrases, by using increased
spacing between paragraphs rather than tra-
ditional indentation, and by showing compar-
isons in side-by-side columnar arrangements.

Provide visual interest. Finally, designers should
consider the visual interest of the screen. View-
ers dislike screens that are plain or full of text
without any headings, directive cues, lines,
shading, buttons, titles, or illustrations (such
as shown in screens 12, 15, and 16 in Figure
7). It seems that a variety of well-organized
text elements enrich the environment and
make it more interesting to explore. Excessive
complexity results when too many elements
or too much information is crammed on the
screen.

Research Recommendations

Although the population and stimuli samples
used in this study limit generalizability, in view
of consistency with past studies, the findings
provide a base for guiding the design of
screens. While the dimensions discussed here
are interpretations and thus open to further
explanation and refinement, programs could
be designed with screens to reflect the use of
the constructs of organization (at both the
macro and micro levels) and visual interest to
study effects on learning, motivation, and the
creation of knowledge structures.

However, evaluation in this field of study
is problematic and needs creative solutions.
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Paper-and-pencil recall and essay tests may not
be the best measure of how people use screen
displays to construct knowledge structures, nor
are they always the best way to measure
problem-solving ability, creativity, or cogni-
tive flexibility. It may be possible to compare
a program with highly organized screens to
a program with plain screens by asking learn-
ers to create an outline of the material just read
to see which program facilitates the creation
of an outline. Another possibility is to use se-
mantic map-generation programs to assess
how the structure of a set of screens affects
the semantic meanings generated while stu-
dents study the program. In combination with
essay and problem-solving activities, such an
assessment could determine whether outlines
and semantic maps facilitate the development
of flexible, creative problem-solving skills in
new contexts.

While the concepts of organization and vi-
sual interest may seem to be common sense,
common sense is not always followed by de-
signers. In addition, knowledge of these con-
cepts does not mean that designers will apply
them in ways that create aesthetically pleas-
ing and well-organized screens. The present
study suggests that these constructs are impor-
tant to prospective viewers and may help gain
attention and build confidence in using instruc-
tional material (Keller & Burkman, 1993). [
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