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The contanuing expansioin 4 the microcomputer into
schools, businosses, hospitals, and homss has created a
market for instructional software ranging from beginhning
mathematics programz to sophisticated simulations of
hospital emergency xroom events. A review of these
instructional packages indicates the integration of
graphics, sound, snimation, and both effective and poor
applications of instructionsl design (Bork 1987: Burke,
1981: Keller, 1987). Unfoxtunately, software designers havs
a tendency to design computer screens based on principles
derived from print based research (e.g.. Hartley, 1985), yet
a comparison of the attxibutes of the two media xevesls
several important diffexences. Computer displays (a) arze
limited to ons page at a time, (b) have restrictsd backward
paging and review, (c) are limited to layouts of 40 or 80.
columns by 24 rows. (d) provide limited cues as to lesson
length, (e) are typically limited to one typeface and one ox
two typesizes, and (f) offer relatively poor resolution. In
contrast to the printed page. the computer has the
capability to generate dynamic "pages” (e.g., windows,
screen building, and animation). which can be increased in
number with a relatively smallor effect on diastribution
costs.

Computer Scieen Dssign

The literature on computer sczeen dssign tends to
follow one cf two approaches. The first approach focuses on
typographical variables that the designez can manipulate to
create an effective screen design. Based on zesearch and
subjective views, several authors have recommended that
displays featurs liberal white space, double sfacing, a
standard ASCII typefece, and left-justified text (Allessi &
Trollip, 1385: Bork, 1984, 1987: Grabinger, L983: Heines.
1984: Hooper & Hannafin, 1986). Given the recent
introduction of bitimapped graphics. information concerning
the manipulation‘ofitypefeces, type size, leading. and
similar typographical variables will also becons moxe
accessible.

A second approach to computer screon design is the
manipulation of the content. One such method is chunking
the matexial into meaningful thought units which are then
presented with blank (white) spaces bordering easch (Bassatt,
1985: Feibel. 1984: Grabinger 1983). Although Falio and
DeBloois (1988) suggest chunking as an effective means of
designing displays., research on chunking and similar methods
havs failed to show clear advantages under either print or
CRI (cf. Bassat, 1985: Carver. 1970: Fiebel, 1984: Gerrel &
Mason., 1983; O Shea & Sinclair, 1983). It seems 1mportant
to consider that chunking does not change the instructional
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content: xather, it changes the way the content isg pxucsntod
on the scxeen. In contrast, Morrison., Ross, ‘u,,aﬂllﬁ(lgaﬁ
o Ross, Horzison, & O'Dell, i988) varied the: 1341

!'\u'n-nthAQinn!a am -..-:on.-nenn\ hv ‘tha 'lnﬂh&.ﬁm" 14 4

Teer wmw ey —
bridii S ST,

rodurdency oivouplanattont. and depth o£ non&cxtualvuuypozt
£ox mein ideas. They found that the louc& donsity»teat wae
zead significantly faster than convcnxionni tnat?vath no
redustion in achievement. Subjects cllepchpci lowo:-éonnaty
over haehot-donnity toxt 65% of tho\taunﬂgﬂﬁﬁw

'In sunmary, these two- cpP:oachntz*typoq:aphscal
varisbles and content nnnipuiution"have provided useful
guidelines for scraen designi' houov.x. thesy have not
addressed the issue of hew muzh 1nte:antion. “scxeen
density.” the expository £:ano should contain. For example,
the xnto:nat\bnal Rcadinq Asscciation Computer and
Technology Readihg Committee (&934) zocommends using "clesr
and legible” displays-with 'appxepxtato saxgins snd
interline spacing”, bug\p vido% no opexationel guidelines
or specifications to define‘these qualities. %o provide
designers with clearer roconndngatxona for optimum density
levels, the screen density conattuct must be operaticnalized
and precisely defined. -

Scresn Density as a Design Va:i&blo

One method of evaluating screen designs 13 to calculate
the density of the total screen by determining how meny of
the gscreen spaces contain a charactex or are adjacent %20 a
character (Tullis, 1983). It 1s assumed that instructional
displays are relatively uniform in density due to the use of
prose, a3 compared to instrumentation resdout displays which
often chunk the information inte different sections of the
screen. . A ;

Human factors reseaxch suggests that poxiozunncb orxor
rates increase as the deniity of a display increases {2urns,
1979, Coffay, 1961: Mackworth., 1976: Ringel and Hammer,
1964). Research, however, on the upper limit of scxeen
density has yielded disparate recommendations ranging from
15% (Danchak. 1976) to 31.2% (Smith, 1980, 1981, 1982) all
the way to §0% (NASA. 1980). Two reasons for these
inconsistencies are suqqittod. First, the displeys have
often in7olvad instrumsntation screens and information
displays that are oo esoterxic (i.e.. unique to a specific
environment) tc bs generalizeabls to instructional screens.
Second, sevaral of the studies have used i1solated screen
displays of uncealistic stimulus materials which have low
ecological validity (see Rors & Morxis-n, 1989).

In a realistic lesson the number of frames increases as
the amount of whits space increases (i1.e., screen density is
decreased). Thus, manipulation of screen density in a
single frame presentation fails to account for the
concomitant effect of the increase or decresse in the numbex
of screens required to read the same informaticn.
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Accordingly, in contrast with previous sesearch, the present
study was designed to examins learnasr preferences for
different screen densities used to present a fixed amount of
material. Depending on the particular density leve
repzesented, from one to four frames of information were
zequired to view the contant.
) Another concern in investigating screen density
preforences is the possible influence of the type of
material presented on how different screen designs are
viewed. For example, Grabinger's (1983) evidence for
supporting low density screens was obtained using a
typogzraphical notation deyeloped by Twyman (1981) to create
a content-£free screen representation of a CBI acreen.
Specifically, sczeens were designed with x's and o's to
reaemble actual leszons. However, when reacting to displays
of abstract or axtificial materials, subjscts may prefer
wide margins and other lower density attributes due to the
greater saliency of aesthetic properties when there is nec
need to urdexstand the contant. In contrast, judgnrents of
realistic materials would appear to demend greater awareness
of and reliance on contextual properties (e.g., proximal
supporting text) that helps to increase the meaning of the
information being read. Thus. it 1s not clear that
preferences for low-density screons similarly apply to
realistic lesson materials, etpezially since the low-density
designs present the matsrial in smaller thought units and
consequently also necessi-ate an increased number of lesson
frames. .
Accozdingly. to extend Grabinger's (1983) research. the
present study used realistic materials from an actual course
in the subjects’ academic program. We axpected that with
fixed content and rmalistic displays, preferences for
lower-density screens would not be as high as previous
research in the instructional deszign literature generally
suggests. A third research interest was the preferences of
users differing in degree of CBI experience, narely graduate
instructional design students versus undergraduate education
students.
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Study I

. Met hod
Subjects and Deszign

Subjects wexe 23 graduate and 23 undergraduate
education majors (29 females and 17 males) who volunteered
to participate in the study. A paired-comparison design
(Nunnally., 1967) was employed involving a total of six
unique paizings of four density levels presented on-an Apple
Ile moruchxome screen. Fox each of the six comparisons,
subjects wvere presented With two different screen designs
and asked to indicate their preference. The six comparisons
and the two density levels within sach wsre presented in «
random order. To begin the session, subjects completed a
9-itam attitude suxvey prosented on the computer, They wexe
then presented the six compurisons and asked to indicate
their prefszence on ea-zh.

Materials

Matoraals used in this 3tudy are dascribed below in the
order in which they were used.

Profile Data. A 9-item survey was used to determine
suhjects attitudes towards using the microcomputer. Eaech
item was presented on the computer screen. Subjects xreacted
to each using u five-point scale with 5 representing the
most positive reaction. Six of the items concerned the
subjects’ attitudes towards using the microcomputer for work
ox school. The remaining thres items concerned theix
attitudes towards learning how to use a microcomputer.

Screen Displays. A single screen selected from a
computer-based lesson used in previous studiez on text
density (Morzison, Ross, & O Dell, 1988: Ross et al.., 1988)
was selected as the basic content for this study (sse Figure
1). The material was from an instructionel unit on '
statistics (Ross, 1983) currently used in an undergraduate
education course at the same university in which the study
was conducted. To determine the screen density of the core

U s
A R

fxame, all characters and spaces contiguous to the %
characters were counted and then divided by the total number 3

e
fx ‘ldig)

of characters the screen could display (960 for a 40 column
x 24 row format). The resultant density level was 53% (see
Figure 1). The 53% density screen was then divided into two
screens, three screens, and four screens to reduce density
level by varying degrees. Screens were divided at logical
points rathsr than according to specific character counts
which helped maintain a uniform density level across the
screens.  The density levels for the multiple-scroeen
displays wers determinaed by averaging the density c¢f each
scresn. The two-screen display had an averxage density level
of 31% per screen, the three-screen display averaged 26%,
and the four-screen display averaged 22% (ses Figure 1).
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The screen display software included a managsnent s
component which stored the data collected at each session. on
disk for later retrieval. A second program was used. to?&ﬁﬂgﬁ
~ provide a printout of each subject’ s responses, :ofozunﬁ%%ii"'
" data for uplosding to & mainframe for later analysis’ “dﬁd%@w

fadd the data to an archive file for future xreference,
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Procedure ' 3

From 2 to 15 subjects attended each segsion 1n ono o£ 4
two ccmputer labs. Both labs were equipped with Applo //o §
microcomputers with 12 or 13 in. monochrome screens,: oithox &
one or two 5.25 in. disk drives, and 64K to 128K of ununzy.” ' §
Proctors began the session with a brief description of the: %
puxpose of the stuly after which they booted the conputox:. i§
The first screen asked subjects for their name, sex, and - ,%

status (graduate or undergraduate). Then, subjects
completed the 9-item attitude survey presented on the
microcomputer. Subsequent screens described the experiment
and explained the information contained on each screen.

The six screen comparisons were presented in a random
orxrdexr. The density level randomly selected to bs presented
first in each each comparison was labeled Design #1 at the
top of the screen and the second density level was labeled 2
Design #2. The number of screens in the design and the
particular screen presently being viewed was indicated in
the lower left hand coxner (e.g., "1 of 1, "2 of 3", etc.).
A prompt in the lower right corner of the s-reen indicated
that a key press would result in advancement to the next
frame. After vieuwing both designs. subjects had the option
of indicating their preference for one of the two designs ox
for reviewing either or both designs. Once a preference was
indicated, presentation of the next pair of designs was
initiated. This prccess was then repeated for each of the

zomaining f£ive comparisons. .i.e
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Paired Comparison Selections

Jable 1 shows the proportion of subjects {total n = 46)
who selected each density level when paired with each of the
alternativo levels. These proportionas reflect a curvilinear
pattern, with proferences tending to favor the two middle
density levels (especially the 31% level) cver the lowest
(22%) and highest (53%) levels. Specifically. the 31% level
was favored by the majority of subjects {(from 52 to 74
percent) over each of the other three levels: the 26% level
was favored by the majority (54 to 56 percent) over each of
the two extreme levels.
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selection rates, & aunw nggodu:mﬂonnd fzom o ‘3:‘

. Thurstone's uodol‘,ot nom:\it‘fvc 3\38 nt',r(loo Nunnally,-

1967; Gutltozd.«.;?m \\ud to- :npzoﬁg‘ nt! their relative _ L
distances on m*‘in:ozulyacalc. Iho“ﬁ: ocedure involves i ! el

first converting: tbo“p:opo:taon valies:Law, shown 1n hblo 1) - Bl

into uo:ulﬁcu:vc ﬂouqtn. . Fox ounph. & ‘stimulus’ thnt is

chosen over a conpuuon ltimluc by "84% of :upendontt”‘ ?3

would have ‘a normel (i score) deviate of 1.00, :op:cunting B

the ares in the distribution'that is 1 standard dovution - . oal

above the mean. The normel deviates derived for each. =

stimulus. .are then an:agod to p:oduco an overall mean; Io‘ “%

pxevent hounq mgctzvo valuu ‘on’ the £inal scale. the i:’*‘

absolute value of the largest negative mean is added to eac..

of the means. Consequently. the "least preferred” stimulus £

on ths £inal scale will always have a final mean value of ’%

0.0. For the presant preference icale. as shown in Figure . %*{

2. the scale values ranged from 0.0 (22% density) to .49 '

(31% density). Although the 26% ievel was preferred over R

the 53% level in their direct ‘zomparison (see above). both

had 1dentical scale scores of .19. Based on these overall 2

scale placements, the 31% level can be considered the most %

fxequently pzof.o:rod and tho 22% lovol tho luat £:oquont1y I;%

prefexrred:i: = T MELEWELE R vk, s&g
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To vo::.:ty thno t:onda atatuucally. tabulations were ~i"

made of ‘the totalihwmber: 0% “times. .e8ch density lmnl was - - ‘?ﬁ

chosen by{tubj octc"{“"'waflocamo ueb ‘1evel was Judged on th:n }:

out of the ‘siX comparisons. 1tsinaxiium’ scoze. for "cﬂqxxgl};—ﬂ 2

subject was 3.0:"Resultant means ‘were 1. 17”51 .46, $ B 91 1, and &

1.46 for the four density levels., respectively (o:dt:od from ]

: loweszt to hiqhust donsity). The density selection scores %
: vers then analyzed in two ways. First, a Friedman ANOVA by
1 ranks, a nonparametric test (Hays, 1981). was used to >
: compare their ordinal rankings within subjects. Although E‘%’
& . this test 1e less poverful relative to treating the scores =
% 83 interval deta in a parametric test, it was considered b
g‘;; less likely to bo biased by the built-in intexdependency ‘f
£4 between individual subjects’ four selection scores (i.e., if =
“1;:’ a subject’ s score for one density level was relatively high, ‘5{
S his/hexr score for one or more other density levels would K
%*i have to bs xelatively low to compensate). Results from the
&1 Friedman test were significant, Xz(a) - 8.32, p ¢ .04, N
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]Rj( indicating that the frequencies with which the density
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levels were selected were different, This outcome was then
substantiated by performing a repeated messures multivariate

anklysis of vaziancs (MANCVA) on ths oxiginal sslectien

tocal scores, ¥ (3, 43) - 3. 34. p ¢ .03. Follow-up
comparisons of means uo:o nade using the Tukey HSD
procedure. Only the dif!o:onco between the 3i% and 22%
levels was aiqnificcnxn(g €. .08).

The abovs results p:oviéo 1n£ornaxion on how the
individual dencity levels wexe: 1udqod relative to one
another. A somewhat . diitoxont question concerns-whether or
not overall preferences tondcd to £avoxr, as the literaturs
suggests. lowsr-density over "higher-density designs.
However, tabulations acrois subjects on the six ~
paired-comparison trials 1ndicatod the opposite pattexn: 156
(57 perxcent) seleciions favored the higher density dnciqn
uhorqas only 120 (43%) favored the lower ‘density design,
x2 (1) -~ 4.44, p ¢ .0S.

Individual Differences Outcomes

Further analyses examined density prefexrences and
attitudes as a function of subject gender and academic group
(graduate versus undergraduate). Dependent variables were
the four density level total gcores, the total number of
lower density designs selected across trials. and scores on
sach of the nine attitude items. Using t tests for
independent samples, norie of the group effects for either
individual difference variable was significant. Fipally,
correlaticins between the numbex of lower-density designs
sclected and ettitude scores were consistently low and
nonsignificant.

Summary

in contrast to recommendations in the literature .
(Allessi & Trollip, 1935: Boxrk, 1984, 1987; Grebinqo:.e1983.
Heines, 1984;: Hooper & Hannafin, 1986) for designing lower
density screens, those results showed that subjecis tondod
to prefer higher-density screens. The relatively gstronger
preferences for the 31% (intermediate) density level may .
suggest that subjects were attempting to balance aosthotic
propezties (i.e., perceived readability and visual appoll)
with either or both (a) the degree uf contextual cuppo:t“nd
(b) the number of screens in the lesson. If the latter were
the key factox, then preferences for the lower density (more
spacious) designs would seem likely to .increase 1f
corresponding increases in the number of screens were
presented by presenting only the first screen of each screen
density level as in Grabinger's (1983) study. Study II was
conducted to test this interpretation.
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replicability of the Study I results when only the first
screen of osach density level was presented. It uas
predicted that in this case, strongexr prefarence for the
lowexr density screens would be indicated thar in Study I,
gince reductions in density level would not zeguire having
to review a greater number of frames. . .

Method
Subjects and Desiun

Subjects were 27 graduate and 12 undexgraduate
educaticn majors (34 females and 5 males) who volunteered to
participate in the study and had not participated in Study
I. The same paired-comparison design as in Study I was
employed. .

Materials and Procasdures

The stimulus materials were the same as used in Study I
vith one change. Only the first screen for each density
comparison was presented. The instructions were modified to
indicate that subjects would view only the first scresn of
information in the six designs, but in a real lesson they
would need to view several screens to obtain all of the
relevant information. : .

As in Study I, the first screen asked subjects for their
name, sex, and status {graduate or undergraduate). The
9-i1tem attitude survey was then presented, followed by
instructions for the pairsd-comparison task. The six scrsen
compazisons were presented in a random oxder, with the
density levels in each randomly designated as Design #1 or
Design #2 at the top of the screen. Again, subjects had the
option of viewing either ox both designs as many tirnes as
desized before indicating their preference.

Results and Discussion

The propextion of subjectsz (total n = 39) who selected
each density level in the sepazate comparisons is shown in
Table II. Here, in comparison to the curvilinear trend of
Study 1, the pattern is directly linear, with the
higher-density design consistently preferred over the
lower~density design. Application of the linear scaling
procedure, as diagrammed in Figure 3, reflects this psttern,
showing the scaled scores to increane, from 0.0 to .49, as
density level increasas. As in Study 1, the total number of
times subjects sslected each density level were tabulated.
Overall means were 1.13, 1.49, 1.62, and 1.77 (out of &
possible 3.0) for the four levels respectively. However,
neither the Friedman analysis of ordinal rankings nor the
repeated measures ANOVA on selection total scores indicated
a significant difference between lovels, although the lattex

14

. e e e o 0 T [ ST ... -~ e s ORI
prila A T U ey

o s - e - . e e . T o i



i
R

st

S
a ,V"'

oA,
=2

21

SR

ok
Ed

o
T

SRR AT

1
i<

AL

1

2y

S h

i
=

LT

S Xt £
5 s

R

S e e R S 2

AR VIR

™

Hew
i

X
b
&
<
&
5
e,
X
iy
iy
o
Ry

1

R N e & o T T T A e A B R R T B Ly L T Rt T e B N A S R R Y A D R R R S M T AR IR
R R R BT RO Rai
L]

%%?

. significantly more or less desirable than others, there was

approached significance ( p ¢ .08). Across all comparisons,
however, subjects chose the higher-density design 145 (62
percent) timez and the lower-denssity design only 29 (238 s
percent), X2 (1) « 12.93, p < .001. Thus, compured to Study
I, vhile no particuler density level emexrged as

an even stronger tendency to select higher~density design of
each pair.

Insert Figure 3 About Here

Individual difference comparizons were made for academic
status, but not for gender due to the very small nunber of
males (5 out of 3¥y) in the sample. Differences were
significant on the selection totals for two density levels.
Undexrgraduates selected the 31% level an average of 1.08
times (1.0., on 36% of itc comparisons) whereas graduats
students selected it an average of 1.85 times (a 60% xate).
t(38) = 2.24, p < .05. For the 53% level, the opposite
pattern occurred. with the undergraduate students selecting
it more frequently ( M = 2.33, rate = 78%) than the graduats
students ( M ~ 1.51, rate = 50%), t(38) « 2.00, p < .05. No
differences bstween graduate and undergraduate studsnts were
found on any of the attitude items or on the total number uof
lower~-density designs selected across txrials.

Discussion
In contrast to previous studies and recommendations in
the instxuctional design literature (Allessi & Trollip,
1985: Bork, 1284, 1987: Grabinges, 1983: Heines, 1984:
Hooper & Hannafin, 1986), subjects irn ths two studies
indicated a strong preference for learning from high dsneity
screens ag oppoded to low~-density gcrsens. These rasults

.
£+
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were genarally consistent for males and females, and fox %%
inexperienced &nd experienced uzsrs. The suggestion is that %g
the use of realistic stimulus materials may preduce %@
different results than obtained with nonrealistic stimulus k-
matexials (e.¢., Grabinger., 1983) or with informational g%

(e.g., mechine status) displays (eo.g.. Danchak, 1975:
Smith, 1980, 1981, 1982).

A question gtill remains acz to why subjocts indicated &
praference for higher density screens ovexr lower density
screens in the individual compsrisons. If only the zesults
from Study I are coneidered, one might conclude that higher
density gscreens vere selected to avoid the addicional effort
(keypresses) and preséntational discontinuities involved in
viewing the additional szcreent of thoe lowexr density vaxsion.
In Study II, however, only the firat screen of each density
level wes viewed. yet even somewhat stronger preferances for
higher dansity screons occurred. Thus, tho "additional
effort” hypothesis suggested from Study I was not supported.
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L A more likely interpretation suggests consideration by
%% subjects of the informational gqualities of the display.
5% Figuss 4 shows twe scresne of approximately 3i% Aanetey,
i sonteining realistic content and the othex nonrealistic

b

content; and two comparable screens of approxinately 53%
screen density. , Seemingly. in visually comparing the two
nonrealistic or “content f£ree® displays, the lowex density
screer: will appear moxe spacicus and easiex to read. When
the two screens containing realistic content, however, are
comparel, one must not only consider aestheti: propsrties,
but also the amount of contextual suppoxt needed to learn.
A high density design incrsases contextual support by
presenting maximum information (both main ideas and
supporting explanations or examplcs) on a single frame. By
glancing forward or backward the student can obtain cues
that facilitate the processing of a word or phrase. Low
density frames minimize this contextual support which should
normally disrupt the processing of information. (Consider,
for example, the extrems case of reading a novel in which
only one or two sentences appear on each page). It thus

>
ol

3

=
3

AR

appears that the contextual properties of the current §
displays of realistic material had a greater influence on )
learner preferences than the sesthetic properties. Changing 2
the context of the material or the processing demands of the ¢§
task., however, might alter the relative importance of these Eﬁ
two features. Further research is needed to substantiate if

this hypothesis.

Insert Figure 4 About Herxe

The present reseaxch calls attentien to two salient b
problems for instructional designers and researchers in the
area of CBI screen displays. First, instructional designers
who base design decisions on human factors research should

ity ook
NG

2‘3?4?

uss caution when attempting .o apply heuristics proposed for é
informational displays to the design of instructional ‘%
displays. Informational displays, which are designed for %
*quick giance® resading. present information in a consistent e
location and vary only part of the display (e.g., monitor %
readouts). Instructional displays. however, are designed %
for slower or more deliberate processing of all the content. ;%
Thus, each has a different purpose and will typically §§
require different design heuristics. ;

Second. for the reasons propcsed in the preceding
paragraph, subjects may apply different perspectives when
reacting to nonrealistic as opposed to realistic stimulus
materials in screen design studies. Although nonrealistic
materials have internal validity advantages for basic
research, results need to be verified with ecologically
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o valid materials before heuristics for screen designs are
%a generated (Ross & Morxison., 1989).

3 T+ should also ba noted that screens formatted in
E% symbolic notation such as Twyman's (1981) may not be

.direct)ly comparable to text screens of the same computed
text density level due theixr use of solid lines of x's or
o's as contrasted to lines of nonsense words or Xeal words
separated by spaces. It is recommended that rescarchexs
interested in content free stimulus materials consider the
potential of approximations to English (Morrison, 1986:
Shannon & Weaver, 1964) that maintain the same structure as
a roalistic screen without conveying meaning.

As & final point, the absence of an operational
definition of low and high density screens makes it
difficult to compare results across studies and to translate
findings into effective design practices. To provide for
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consistency in design and research, the adoption of a %g
standard method of calculating screen density is needed. §
Tullis® (1983) method seems appropriate fox this purpose by %
basing screen density on the number of characters and %
contiguous spacaes on the screen. Consisztent terminology %
should also be used in classifying &nd referring to screens §
of varying density. For example, screens with density &
levels 22% or less might be labsled as low-density, those é
with densities betwoen 26% and SO% as medium density, and %

those above S50% as high density. Although these cutoffs are
arbitrary, they epproximate discriminations made by subjects
in the present research and would help to eliminate the
current situation of one researcher’ s “low-density” display
being structurally identical to another's "high-density”
display.

) It 1s suggested that future research on CBI screen
design take three directions. First, researchers should
focus on identifying optimum screen densities as opposed to
minimum or maximum tolerable densities. This approach
differs from earlier resea.ch in the field of instructional
technology which focused on such factors as the manimum size

W A% 1 Taas e
e el

)

ey

for projected letters (cf. Phillips, 1976). Based on the 3
present £indings regarding learner preferences, the optimum %
density level appears to be between 31% and 53% (medium to &
high). Second, additional research is needed to test the %
generality of these findings using different types of ,g
stimulus materials (realistic in various subject areas and %
levels versus nonrealistic). Quantitative oriented subject %
material, for example, may require different design %
considerations than would lessons in English or history. ;ﬁ
Although the present results were similar in Studies I and %

£

II., the use of multiple frames for high external validity
seems advisable to permit generalization of findings to
actual lessons. Third. current research on CBI screen
design has focused almost exclusively on learner preferences
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for different designs. Future research nveds to investigate
the implications of these designs for achievement as well.
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