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i The Educational Concepts and Evaluatlon Work Unit Area of ‘the Army
,ﬂgeseardh Institute (ARI) performsexeSearch and development. in areas of
;?educatlonal technology with appllcabllxty-to mllltAry-tralnIng. of . -,
' ‘specidl interest is research in the area of large-scale,’ computer-based %
-flnStrUCtlonal systems. Development and implementation of such systems
..is séen as ‘a solution to such current Army training problems as_shortages
. ‘of qualifijed instructor personnel, student populations of widely varying

'.abllltles, and "’ 1nCreaSed trainihg costs. . . Lo e P

: o
P4 -
s

_ Technologzcal advances in’ computer technology now make ‘it possgyxe
to use sophisticated graphics. techniques in the instructional process.
Althougm it has been assumed that such techniques will improve ain-
ing effectzveness, scientzfic evidence does not cons1stently/pﬂ§;ort

“this v19wpolnt._ This paper 1s the result of ‘the first phase of an in- " -
~ house resgearch ‘and exploratory project 1nvest1gat1ng the effectiveness
of inStructlonal graphics 1n computer~based 1nstruct10nal systems

The effort was lnltlated in the Unit Trainlng and Evaluation Sys-
ftems Technical Area in. response to the requirements of Army Project -’
. 20763731a762, "Computer Administered Instruction,” FY 1975 Work Program,’
' and was continued under Army Project 2Q762717A764, "Automated Educatior—
—--al~Technology-and “Traihing Simulation;" FY 1976 Work Program. ~The work
unit arga has since been transferred to the Educational Technology and
SlmU1atlon Technlcal Area of -ARI. :
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Requirement: - Ve _ e
. To determ.;ne the current state-of-the-art for the use >f graphilh.

.ar—

:Ln :the instructional process and to’ spec:.fy critical’ resear<h gaps’
tlcularly with respect to computer graph:.cs. '

> “

.
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@

'Pvroce.dure: - . ‘ . S

v
hd -

_ A r]ev:l.ew of the -lz.terature related to the use of instruct-on:. qr.aph-
1cs was conducted. ‘ Research findings were analyzed in terms oI 't'; lejgree
Jto whi'ch they did or did not support theoret:.cal assumptions amd pro, o1~

: tJ.ons concerp:.ng ‘the 1nstruct10na1 value of. graphi'cs. ;

1

N 0

e Thére »is cons:Lderable quest:.on as to the 1nstruct:|.ona1 effec-tive'mess
© of qréphlcs in“genéral. Given the cost of graphics relative to laa. sn-
s phh.sticated gnesentatlons, a substant:.al effort. should be directgge ra
i spec:.fy:.ng Ath'e conditions in wh:.ch “graphics may be- effectively e
" Three m&jozj‘ factors subgtantially influence the effectiveness of

E task requ:.mments, sabject—matter content, and’ learner character
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\CDMPUTER ASSIST:D 'NSTRUCTIOW
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INTROL JCTION

-

e dimpact of :ompi:ters on the =aucational communltv o7=" the last 5 -

vears. -z self-evidemz. ven the casual observer canmot fai -» note the
subs:x::ial'increasa ir Te number oF articles, journals, = .=2ssiomal .
-macizations, and -adu = cial brochures devoted to campuTter—sas=sed imstruc-—
wﬁun-1 It is hard. - s—r—ising that the military, with -t: -e=mavy -commit-
med % e éducatiOn amr ‘*1un1ng, has been among the leaders -~ rhe evalua~

jeen well-document -4 =lsewhére and is not addressed in +his report

'!;n and developmen- c.= ,smputer instruction. ° The extent =f this esfort
’(F itcner, 1975, Rich g% Van/Pelt, 1974). ‘ :

t isdsurprisiru, nowever, is that a survey of the Army training
ishments indica—== 2 greater degree of optimism among -potential

§ of computer ims: :-tion than amcng members of the research community
(Sheixon, 1976).‘ n “zct, Sherrcn found that the users (- faculty &nd
s=zZ ¢ cf Army trainir,. -crganizatiors) anticipate that operat:onal imple-
mer.-;ation of compute.kﬁim the instructional setting will occur much earlier
tha.. the time foreca by the research and development community. This

3ig —epancy may’ exis «#cause those engaged in research and Gevelopment
recsxmize that the ir\cial.financial investment required for computer-based
imstructipon is likelv "o be substantial. ' In addition, the conditions under
wanicr computer instr=szion can enhance tra1n1ng effectivenes= remain to be
accurately, determinew ’

The intrcducticn of a new technology requires a careful reassessment

of the relationship oetween cost and expected'gains in performance resu-t-

- ing from the technology. In the case of computers, this reassegsment is
especlally dlfflcult because certain of the capabilities uniquely pro-
vided by computers permit the/xntroductlon of techniques prleviously ime
passible or even unknown. Although the performances value dained by using
these unique capabilltles has never been evaluated, they are most likely
to be most costly. This paper is concerned with one of these capabili-
ties, specif;cally the ab111ty to rapidly generate and modif-; sophisti-(
_cated. graphic displays. This capability is of particular interest when
"the computer is directly employed to present ‘instructional material--
computer—assisted instructlon (CAI).

e : ; L e p,
1Computer-based 1qstructlon is the generlc term encompasszng the use of
"the computer for the admlnlstratlon, management, and presentatlon of
instruction. : .
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Tthe emphasis on CAI display capabilities 1. nct purely arbit:ary.
One of the major costs of CAI is that of the iriwut—output dewices, i.e.,
student/instructor terminals. . The best estima-e we nave is that, “or a
multiterminal CAI system, approximately 50% of —he imitial imivestment is’

' for the terminals and supportive software to dr:ve them. MoTeover, a

~major factor in terminal cost is the degree of ~-.splay sophistiza<zion
. required. Hence, the decisionmaker concermed w - - allocating resources
+- in the development of a CAI system must caréful. de<efmine the —isnlay
requiremerts of the system. 'The following succ.:~-clv Summarizes -z
situation: ' ’ )
". . . questions to consider are: YWill,the use~ need to pcr-
tray motion graphically? Is high accuracy f e sdrawing needed?

" Are highly complex rotation and slze chahge%vrequired'on a -
continuous basis? If the answer to all of :hese.is yes, titen )
an elaborate and rather costly system is : ecuired. Buz as

- the  user is willing ‘to relax each of thsesie r :quirements,

-.lower cost results” (Computer Decisions, '3 -, D. 41).

et

The problem for the decisionmaker, then, appears straightf-rward:
Specify the system goals, determine the syste:. craracteéristics --at meet
these goals, and then $pecify the hardware/sc “:tware requirement:s that

». supply these characteristics. The problem is =2asily stated but 1ot so
. easily accomplished. ' '

In terms of Army training, the system grzls are usually tr= training
objectives. A critical assumption is that tr- of ~=ctives are m=aningful.
and have been evaluated in an acceptable manr.er. ¢ the system objectives
do not relate to desired performance then, c- cou- -2, the system will be N
ineffective. Fbrtunately'for education and trairing-research, the re-
searcher may develop p:lnclples, in terms of genexally stati,quectives

or tasks, in’ parallel with the sPecfflcatlgn of ob‘szglves erms of -

specvific behaviors cor tasks.
1

P

Leav1ng the questlon of determlnlrg system char acterlstics untll
last, consider the question of spec1fy1ng the hardware/software require-~
ments that provide desired system charactetlstlcs. This problem is rela-
tiver easyto solve, as the literature abounds in relevant, 1nformatlon’i
(Colson, Freema + Mathews, Stettler, 1974; Kuehn, 1966; Machover, 1966; N
Miller, 1969; W&itzmar, 1973).. Although much of this work deals with
performance rather than, training systems, such a distinction poses no

difficulty at a molar level of specification. . ’ o L v e

.

FFinallQ, consider tre determination of system characteristics. It
is here that serious protlems may exist. A major activity of educational .
research is to érovide the data upon which to base decisions regarding ]
those characteristics necessary to achleve system goals. To the extent .
that these data exist and are sufficient, the spec1f1catlon of system
characteristics w1ll be a relatlvely easy task. On the other hand, 'if
the data are 1nsuff1c1ent, an area needing further research has been de-
fined. As was stated earlier, a major cost of a CAI system is for the“

‘ T ‘ - ’ : .4

N
. C‘J

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

> . . T N
termina.: _~<luding special software). This cost in turn is, to a large

extent, 1 frzcction of the graphics cépablllty‘requlred.‘ Therefore, it

- would be: mme=ul for ‘the CAI system des1gner to be able to determine L

(Sl

" a. framework for future research.

.

1. The Zdegree to which a graphlcs capablllty will enhanCe instruc-
tional effectlveness and - - L

'
. - *

« 2. Zf graphics arerdesirable, the level of'sophistication required.

s

) Un_crtunately, if the following quotations are any indication, the 1n-
formati.on necessary to answer these questlons is less than satlsfactory.
Unf‘ortunately, research has.not yielded data permlttlng sweep—
ing generalizations” about media. . . - Consequently, good ludg-‘
mec=t must be used in planning just how to accomplish each
instructional event for the lesson plan (Gagne & Brlggs, 1974,
p- 151). . . - 7
T—= relative effecti?eness of alphanumeric versus graphic dis-
pravs in communicating effic®ently, facilitating learning,.
- and promoting long term reétention should receive more inves=-

s ,tlgatlon (ngney & Lutz, 1974, p. 1).

Despite existing folklore to the effect that one picture is
worth a thousand words, there is little in the way of sc1en-.
tifzc data to support such a contention (Haygood Leshow1tz,
& Parkinson, 1974 p. 3)..%

Although many of us feel that pictorial 1nformatlon is “and
should be extremely important to the learning process, « o e
nevertheless, when it comes to. using graphic capabilities in
instruc¢tional situations we seem ofteh to proceed in bumbling
fashion, relying entirely eon-individual intuition (Bork &  -.
Leahy, 1976, p. 3). ' o C N :
( ' " Co ‘ . , .
Clearly, therqxis'little'én,tﬁe preceding Zuotations to encourage
the decisionmaker. ' This gap in the state-of-the-art.prompts bdth the ...
subject matter and the title of this report. The remainder of the report
consists of three sectiops.’ Part one, the major portion, reviews the
literature to date on the instructional effectiveness of. graphics, includ-=
ing the special problem of individual differences. The second part brief-
ly’ discusses CAI research with graphics, and the thlrd portion suggests

7’

.

¢

WHERE ARE WE? . . .
. . ¢ ¢ -
. In an attempt to organize the literature on 1nstructlona1 graphics,
two things become apparent. First, there is an41mp11cit assumption:that .
graphics increase the effectiveness of 1nstruction, and second, there are .
a number of contentions as to the reasons for this effectlveness., Hence,

s

&Y
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the literature that follows is organizedfon the basis of what might logse-
ly be called theoretical predispositions.- These positions range from fcon-
téntions that #ntrinsic cues promote perceptual efficiency to emphasig on
extrinsic motivational-~ factors.' The rationale for- each positipn is stated,
~the’ llterature relevant to the position reviewed, and a brief summary pro-
vided to 1ndicate how well the literature supports the position.

N -

_+ Throughout the llterature, developers of p1ctor1al stlmull .variously
reason that vi uals are effective because (a) theéy are percelved more ef-.

. f1c1ently, (b) |they are realistic, (c) students prefer them, (d) they un-
.” burden overloaded channels, (e) perceptual research bas shown individual

differences ‘'in fvisual ability to be an important variable, and (f) visuals
-are part of a llarger, more advanced instructional system. 'Experimentg-de-
signed. in part’/to verify these explanations have failed to support them, .

"as will be seen in.the following sections &f this review. ' The literature

related to each of these rationales is discussed. in turn.-

s ' ’ .
) . o . .. . 1

Perceptual Efficiency ) ' B ) o

The belief that visuals are perceiVed more readily relates to the
idea that they are intrinsically better communicators and will be remem~ -
bered longer because they provide referents. The concept of the intrin-
sic value of visuals is rather complex, but in essence it implies that
pictures. are perceived, encoded, decoded, and stored more naturally than

_are visual or auditory presentations-of verbal stimuli (Paivio, 1969); .

hence the assumption that “the perceptual or cognitive superiority of pic-
torial stimuli should facilitate learning: .if visuals are perceived more
readily than alphanumerics, they should be better teaching devices.

Eye Movement Patterns. Eye movement patterns have been identified in
several studies (Brandt, 1948; Faw & Nunnally, 1967; Hess, 1965; Mackworth
& Morandi, 1967). Subjects tend to fixate on complex areas of photdgraphs
where lines ‘contour sharply (Mackworth & Morandi, 1967). . However, com-
plex1ty does not assure flxatlon. When two pictures contalnlng attributes
of complexity, novelty, and. pleasantness are presented samultaneously,.
subject fixation increases primarily wlth degrees of pleasantness (Faw & -
Nunnally, 1967). These and pther studies, particularly Hess' (1965) pu-
pil dilation measurement, suggest that the subject matter of pictorial

aterial, not its physical gropertles alone, influences the stimuli to
hich the learner attends.

. co- » 'ﬂ.q (
There is some evidence that attending to stimuli more readily does
not automatically assure more learning. For example( Ryan and. Schwartz '

"(1956) measured recognition time with a’ tachiStoscope, believing that,

"An illustration which required a léong* perception time mUst contain con=~
fusing 'or conflicting elements. and therefore ‘is less dlrectly relevant
“to its purpose" (p. 60). They manipulated three types of plctorlal
content--hand, electricdl knife, and steam engine cutaway--u51ng four
“‘types of p1ctor1als--photographs shaded draw1ngs, line draw1ngs, and
cartoons. They found that line draw1ngs réquire szgnlflcantly longer

-

> : N "_ I .
s I . : . .
. . ’ . . 1

4
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and cartoons significantly’ shorter time *to be 1dent1f1ed. Each .stimulus
‘had also-been preSented in several different dlmenslon-poses. A s1gn1f1-

'cant‘post/object 1nteractlon occurred (rem1n1scent of the many content%mode

interactions cited in the. lbterature). Researchers concerned with ‘instruc-
tional effectiveness rather tha perceptual eff1c1ency report opposzte
ﬁéndihgsgi?wyer, 1968a, 1968c). | ° - . ) LS
. 4 \ ¥
Along &imilar theoret1ca1 11nes, Rogers (1970) presented subjects,
with both highly arlitérative and nonalliterative alphan ric displtays,
believing. :hat alliteration from one word would -act as cue for~Jearning.
the other .in a paired associate learning paradlgm. Sh€ foupd, 'h;$ESFr, .
that until sﬁbjects were advised (jn a wrxtten'expla ation) to use the

alIlteratlon to- thelr a antagel/EﬁliteratiOn dld no s1gn1f1cant1y 1mj
prove learning.

.

a - -
' .

Color Perception.W/QErhaps.the clearest 1nd1catlo -that ease of per-
ception is not sufficieént to facilitate’ 1earn1ng is’ the research don )
using color. As ,Brandt (1948) pQ1nted out, color draws attention. More-~
over, visual acuity may be enhanced by the- Juxtapos1t10n of chromatic and
achromatic stimuli; dimensionality. may be conveyed by having two colors
lie adjacent to each other, and they will most ljkely be perceived in two_
different planes;.and color. may be the~major cue in_ the determination of
the size, distance, and we1ght of the stimuli (Pay‘g, 1964). Researchers
who have attempted to enhance their - -instructional programs by adding color
have been lafgély unsuccessful (Dwyer, 1968a, 19684, 1968f). There are
undoubtedly cond1t10ns31n which color can be used as an effectlve instruc—
tional cue; nevertheless, the mere addition of color as an attention-
getting mechanlsm ‘does not guarantee instructional effectlveness.

-
»

Pictures and Associations. The idea that pictnres act as referents,
that they are able to be absorbed as one hermetic unit, and that this ma-
terial can later be reconstructed and, decoded, is persistent in’ the educa-
tional literature (Arnheim, ,1972; Dwyer, 1972). Expgzlments addressing -
these propositions, howeven, have 'shown that a behaviorist view of learn;ng
from pictures by some sort ‘of Thorndike-stamped-in association is s1mplls-
tic and outdated. In two unusual expérlments, Ketcham and Heath (1962,
1963)'ta5t students using audiotape’ and- slides. One group sw slldes
that xelated to the topic material, while another saw slides that were
not relevant."A third group (audlotape only) .acted as a control. Results

"indicated that the nonrelevant slide presentation did facilitate memory

for the topic material better than audlotape only, a1though not as well”
as the relevant slide presentation. .Likewise, the assotiations made to .
pictures are more complex than the "associative value of pictures™ dm~
plies (Deno, Johnson, & Jenkins',. 1968; Otto, 1962; Worth,’1968). When
presented with ‘either a list of words or suc ess1ve pictorial stimuli to »
which subjects 'were ‘asked to make nonlabelln associations, a greater sim="
11ar1ty was found to /exist betweem the+rresponses made to the words (which
were 1ndependent) than between the responses made. to a wor And the pic-
ture to which it referred (Deno et -a4l., 1968). T T
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wOrth (1968), ‘using Osgood's Semantlc leferentlal (Osgood
Tannenbaum, 1957),° found that man1pu1at1on of the elements with.
ture affected its 1nterpretatlon. Students tended to ifitegrate
within-a-picture--into a-unified thege-"the*number of “themes inc:
elep@nts became more dissimilar.  Otto® (1968) also found that p

their verbal\descrlpbors evokedy tativelw di ferent respons:
sponses varying according to wh category the belonged. Gar
found that carefully derived sets of data, rated by a compui

tioning under' a stochastic model of human response behavior in .
fication scheme for six physics words, such as "velocity" and "m
produced only moderate to low correlatlon with :actual human res)
Although it appears that pi‘ctures can act as referents, the con
_under which they Qo so have not yet been delineated. Hence, the
‘tional effectlveness of the assoc1atlona1 value of pictures rem:
determined.’ A

Recognition: Aud&to;g.versus Pictoriai. The. nature of the

- employed considerably affects the relatiop between sensory modal

encoding éfficiency (Ingersoli, 1970; Jensen, 1971). For examp]
nition tasks that require the subjeét to monitor a stimulus have
tlonally found that auditory stimali are ‘more accurately detecte

.are visunal stimuli. Moreover, if’ the depéndent measure is respc

tency, the auditory stimuli are responded to more qu1ck1y than a
v1sua1 stimuli (Jensen, 1971). ‘Some theorists interpret these r
indjcative of a primary. audltory coding mechanism; visual 1nputs

'g_fi be transformed into th1s'aud1tory code, hence the longer r

atency. Similarly, female.students who were réquired to count
ency of. ohcoming stimuli that.were grouped both successively a
eously (totéiing ®,192 deci¥sions per;subject) processed the a

W -stimulus (a sharp click) moge effectlvely than the visual (a fla
’ the tactile (pressure to the forefinger) when the stimuli were p

successively. BAs speed.of transmission increased, visual-and ta
dccuracy’ decreased sharply (Reese, Robinson, Stevenson, & Volkma
Ingersoll (1970), however, indicated that the abjlity to.process
ﬁgtlmuli more efficiently may vary among subjects. He flrst pret
sdbjects for preferréd recall. Subjects who displayed preferred
recall rememberéd significantly morée auditory messages, whereas

“.who' displayed preferred ‘visual recall performed better with visu

li. 1In addltion, auditory recall exhibited 'a recency effect, wh

- sual reoall exhibited a primacy effect. Thus, ease of perceptio

torial stlmull appears to be sztuatlon-speclflc and varies with
dlfferences. " . - ,

~

“"Recognition and Recalf-l Verbal versus Pictoria1.~ Recognit
pictures is somewhat better than recognltlon ‘of alphanumerics wh
types are judged as new or old (previously presented) (Spodgrass
Finkelstein, & Goldberg, 1974).~ Presenting successive stimuli,

ers have found’ v1sua1 recoghition to be highly accurate even und

. tions of "noise” (blurred or sketchy presentations) (Day & Beach

Magne and Parknas (1963), using either pictorial. or alphanumeric
presented successively, reqprred the subjeﬁfs to indicate chdnge:

© - s- ) ) L .'l—\6 “1’2
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plant structure (roots, etc ). Su¥jects who were both'taught and tested
“by the, plctor al, method performed srgnlflcantly better than those in.the
three rematn1n§ comblnatlons." Day and Beach's (1950) results were similar,
. indlcating that pictorial stimuli produced 51gn1f1cantly better: free recall
~than verbal stimull. Although there is evidenceg that\learners able to
. extract detailed informaﬂlon from, pictures, it. seems llkely tha he supe-’
riority of p1ctures is. ev1denced only for recognltlon paradlgms.r Using a
recall paradigm,”Bergan, Zlmmerman, and Ferg (1971) presented numerical,
plctorlal“ -and alphahumerlc stlmull, variously grouped and dlsplayed on’
slides, W1Eh four to-seven slides presented serlally. “Their- frfth—grade_
subjects did nrot remember any ohe of the three types of’ stimuli s1gn1f;-
‘cantly ‘better than any “Yther, de§ éﬁe grouplng. It appears that’the:-
choice of esponse measure subst t1ally 1nfluences the effectlveness -of
_thé-graph presentatlon man1pulated. o N

'

¥ - e oL - :
R Delayeleecall. when testlng is delayed ‘the results of some of the
*'%$ove experiments change. ~For example, Jensen's experlment 1971)- usrﬁg
5 ‘delayed recall testing indicatd that the visu mode was s1gn1f1cantly
’ ,%mbreweffectivemthaﬁW%he auditory mode, with a s1gn1f1cant time delay: by
"} mode 1nteractlon. Slmllarly, using both children and adults, Ward and
" Naus (1974) determined. that color s1gn1f1cantly fac1litated ‘retrieval of
: ;nformatlon that had been- 1n1t1ally presented . in ‘black -and white. Not-
Surprisingly, Lantz (1974) found that subjeots who had previously been .
¢ ' taught a simple and complex wave discrimination task took significantly
longer to produce correct -responses, and the response time increased iR o A~
dlrect proportf%n to the delay schedule. The pau¢1ty of research employ—
ing the delayed. recall paradigm prevents the drawing of conclusions about

" the effectlveness of graphlcs under these condltlons.» ,

. . ”

-0

. -

There. agp several hypotheses about the nature of the. processes be-
tweeén the encoding. and, decodlng phases (Brunner, 1964; Pa1v1o & Yarmey,
‘1966). Regardless of the 1nternal process, a methodologlcal problem pre- -
. sents its8lf.. First, p1ctor1al memory. is biaged- by ‘recognition--testing.
Plctorlal memory canrot be effectlvely'tested 1n the usual Yesponse para—:
"digm, because in- nonrecognltlon testing the subject is requlred to make .
verbal reSponse, whlch ‘may require @nother COdlng‘lf 1ndeed the 1nforma-' W
i tlon is stored p1ctor1ally.A How, then, can ‘a subject ‘ake a .pictorial re~.
'sponse? Drawing almost 1nvar1ably touches upon distinct abllltles, yet .
' drawing is the usual nonverbal .dependent ‘measure.. +On the other hand, most
tasks™do not require learners to manipulate. the. p1ctor1al stlmull‘w1th
~ which: they were instructed; they are more likely to be asked to perform
ﬁ:l some: perceptual or cognitive task. - Pictorial tests. are not representa-
’ tive of most tasks that people perform, and‘as'such unduly bias the de-
pendent measure; thus, nonplctorlal testlng more frequently approaches
-real-life performance requlrementst, . &

iy

_ -Summary of, Research on Perceptual Efficiency. Although there is evi-:-

: dence that at some basic.-level visual ‘displays facilitate information pro-
cess1ng, “the proportlon of variance in the learnlng‘s1tuatlon accounted for -
by such factors as éye fixation and ‘color " coding. is negligible in terms of
predicting the overall effectlyeness bf visuals for educationa Not only

' - " . . v
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‘has’ the percepﬁual efficiency of Q:' hics’been‘questioned but several

researchers contend that graphics r se do not substantially enhance. in- -
struction. ' Reviewers’ report that vasuals and nonvistua¥s, or levels of

jvisuals, when’compared for instructional effectiveness, - result in the "no

significant difference syndrome' (Alfen, 1971; Briggs, 1968; Dwyer, 1972; .
McKeachie, 1974; Spangenberg, Riback,,& Moon, 1973).

s - . A -
“r v N

..

Realism : . oo i BEERE"

~ o . . ca . . -

0

‘-, The emergency trainlng requirements .of wOrld War II produced a .demand

" for training simulators and tralning'alds whgn43tudent/1nstructor ratios

sharpky- increased, and the . priorlty of equipment assignment was given

- first-to combat and secand to training. ‘Theése conditions 51gn1f1cant1y

affected the direction of subsequeqt military training, becduse implicit
in this" ‘training posture was the belief that the most effective training
procedures were those that most - concretely approximated the job situatiQn.

“Longstand;ng.assumptions regdrdﬁng the educational’ value of approximating
-reality (e gg, a: picture 1s worth a thousand words; y@re qiven crgd@nce‘
7vand hencibperpetuated.. , : . . :

Technological advances brought about the emergence of highly sophis~
dcated audiovisuals, again Supported by 1mp11c1t notions -about stimulus
fidelity. - The emergence of audiovisuals in peacetime training was sup—
ported by these underlying ‘theoretical formulations, which collectively
became known as the realism theories. Dale s %cone.qf Experience" - (Figure
1) represents one attempt to define ‘the relationship between the degree
of realism and 1nstructiona1 media (Magne & Parknas, 1963). : . .
Because graphics p1ctoria11y approx1mate reality, it was assumed Ehat
they were inherently effective instructional tools. It was further as-

‘sumed .that degree of .learning transfer was dlrectly proportional to degree-

of p1ctoria1 fidelity. .

-Dwyer Research.' The most systematic éxploration of the relationship ‘'
between graphic level and instructional effectiveness was conducted by
Francis Dwyer. A complete review of his work is availablé&™in the‘litera—
ture (Dwyer, 1972). Dwyer hypothesized that:as.the level ‘of pictorial
reality increased, “so did the student's comprehenszon of the instructional
material.' In most of the 11 experiments cited in this section, the para-
digm employed by -Dwyer was consistent. In seven experiments, course ma- +

‘terial about- the functioning. of the human heart was recorded and presented

to the subjects by audiotape, while graphic displays were manipulated on

'slides or other projected visuals. 1In the remaining four experiments,

subjects were presented with printed text materials, with visual displays
manipulated on book- plates. The dependent measures were four tests: . Com-
prehension, Terminology, Identification, and Drawing. The four tests
could be combined to provide a total comprehension score. The’reliability
of these dependent measures was fairly high; the Kuder-Richardson Formula
20 reported between .85. and 295 in all cases.: : : :

-

)



Verbal
Symbols

Visual
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. Still Pictures
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o - S 'LLearQ}ng Experience —— —
. P s maT T
- . . The Cone of Experience depicts the. belief -that there is an -
. ' increase in learning experience'aé-thé instructional presen- -
tation goes from highly abstract to highly réalistic.. From ' |
_E.- Dale, in Magne & Parknas, 1963, p. 267. : :

.

.

4 Ao
1 S u;
Figure 1. The Cone of Experience. . . )
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-each experlme t, visual dis lay was manipujated as a levels, varL—
A verba} prese- ‘tation of either alphanumeri¢ or audiotape version
served as the control. Dwyer expected a simple line drawing presen-

effective than the heart model level, and so on, the photographic
1ev 1 belng the most effective. " In. three experiments, Dwyer added the

hi/s visual presentatlons (Dwyer, 1968a, 1968d, 1968f) .

» - o

o

‘Flnﬂlng no significant dlﬁferences supportlng the reallsm hypothesls

in his early experiments, Dwyer presented the- same,materlal to different

age levels (9th-16th graders) and. added time %o completion’ and delayed re-
tention as dependent measures: (Dwyer, 1967a, 1968d, 1968f). There was some..
.variation in 51gn1f1cant results from one dependent measure to another, .
and\Dwyer himself has stated chat his experlments failed to support the

‘ realism theories. -~ " R

- For the. sake of clarlty, the 6wyer éxperimeqts c1ted here have been
divided according to whether the instructional mater1al was presented by
. programed text or by projected materials. . - - 5, : :
. ' I At ST - -
. Experiments Using Programed Text)Materials. The programed text pre- . -
_sentation reqﬁired the student to make a response before continuing. ° - v
Plates 2-1/2 inches by 3<1/4 1nches presented several levels of visual
/reallsm. In . the nonvisual version, the term: being discussed was described
alphanumerlcally{on»&he plate.- %hﬂaddltlonal nonprogramed text version

‘W acted ag ‘overall control°‘no plates were used in. the overall .ccontrol. -

e

Table 1 shows that. 1n two of four experlments the black—and—whlte ‘
photograph presentatlon was more effective’ than the remaining alternatlves.
However, it is.apparent that the effectlveness of graphlc levels varies
from subtest to subtest. For example, on the ‘Comprehension and Termi- . *

" nology tests, in no case did students at any level perform better than '

. students who received a nonpictorial ver51on. On the Drawing and Identi-
fication tests, however, the photographic and (in one instance): the color
model were’ significantly Qetter than the nonpictorial levels. These re-
sults are undoubtedly confounded. by Dwyer's use of test stimuli that were
‘a function of ‘presentation stimuli Dwyer, 1967b, 1968a).

Time Correlation. Dwyer hypothesized. that since they provided addi-

‘tional cues, more realistic visual dlsplays—mlght require greater viewing

- time. Previous experlments had not attended to this notion. Dwyer evalu-
. ated this hypothesis through subject report data. "In three _experiments,
Dwyer asked his subjects to. ' keep a record of how long they spent studying
the course material (Dwyer, 1967b, 19685 1968f). 1In all three experi=.
ménts, the results consistently rejected Dwyer's hypothe51s. Although

. the nonprogramed, nonv1sual presertation took: 51gn1f1cant1y less time
‘than any . other treatment, students spent more time viewing the programed
illustration w1th simple lin= drawings than any of the more complex visual

ver51ons. .
r
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C Significanvon 8 bdo week delﬂ?ed 1'Etention test.‘- a A ,l | -

L. yer, 1e; 2. D, -1goac‘g‘;‘" 3‘-:a Dwyer,rweab;.fh Doyer, 1969,
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Experiments Using 'Projected Materials. The results of Dwyer's exper-

iments u51ng projected materials such-as slides, fllmstrlps, and instruc-
tional: television are much the same as in his programed text manlpulatlons T
{Dwyer, 1967a,\1968b 1968d, 1968e, 1968f, 1969c, 1970b). In general,.no
 Presentation was congistently more effective than the alphanumerlc presen=
tation (projected alphanumérlcs) fpr the Compreheqélon anq Termlnqlogy e
tests. The Drawing’ test was markegvby s1gn1f1cant1y higher scores, s1mple. .
¥ine. drawings being most &ffective in six of seven .experiments,” Thé Iden~
tification test was’ ‘marked by confllctYng results, p1ctor1al presentation -

be1ng signiflcant 1n some/experlments and not in others.

In tw0'experiments, Dwyer took’delayed retentiOn measures (ﬁwyer,-
19684, 1968f). In most cases, scores in‘the alphanuméric condition were
‘significantly -dmproved, and any initial differences 'between,alphanumeri:
. and visual presehtatlons were eliminated. In one exception®~Terminoloc:-
retention scores were higher for subjects in the black-and-whlte neart
model presentatlons and in’both photographic presentaticons. These results
.are somewhat more readily interpreted if one excludes the terminology ex-
perimental results. Delayed retentlon scores then show s1gn1chance for
the alphanumerlc presentation only. When compared to delayeh retention
scores uslng programed texts, a dlscrepancy appears: the simple line
drawlng level shows significant improvement with . delayed\riiention. A
possible explanatlén for this lpconsistency is that these sults are du-
to an in&eraction between the dlssemlnatlng media (in this case, text v=s.
projected visuals) and the level of visual presentation.. For example,
the programed text undoubtedly allowed for more 1nd1v1duallzed instruction
because it was self-paced, whereas the slide presentation was group admin-
istered. This concept is discussed in detail in the section on visuals

and media. o : o
Related Research. Several researchers‘have manipulated attributes
of visual displays according té the realism continuum (Cooper & Gaeth,
1967; Wheelbarger, 1970; Moore & Sasse, 1971).  Moore and Sasse (1971)
concluded that developmental factors influence the student' s ability to’
learn from pictures. When they manipulated the type (draw1ng, photograoh,
painting) and size (half-screen, quarter-screen, full screen) of project- |
ed slides, they found that the effectiveness of display characteristics
varied with age and grade level of their subjects.-

B o

Wheelbarger (1970), whose experiment closely followed the Dwyer para-
digm, found that his sixth~grade subjects had difficulty with the mater:al
when @isuals were excluded. Thus, research using different age groups
suggests that the instructional effectiveness of graphics ,varie$ with
cognitive «skills. Wheelbarger divided his subjects according to scores
on the Lorge-Thorndike’WOrd norms (94 and below; 95-110; 111 and above)
and- presented them with one of several experlmeq%al slide conditions:
alphanumerlc, shaded drawings, and photograﬁ%s;{ghe/lqﬁter two in both.
calor and monochrome versions. No significant differences were reporte-
on the operatlons or recall test; however, students who scored in the
" highi telllgence quotient (IQ) range and who had been assigned to_the.
verbal ondition scored s1gn1f1cantly lower than thelr counterparts in
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~he Sther experimental'condit;ons (Wheelbarger,'197cv. In contrast,

iagaman (1970) reported no significant differences be. .en verbal and
pic_torial groups for subjects of varying IQ, although_& .":,jec:'s ;n the
higher IQ range scored significantly better overall}. S

drawlngs and
ired aubjects
e strategy -
mance. -, Media-

‘Althohgh no signifjcant difference between simpl
color photographs was reported in learnang a ,task tha}

~ to pair words and pictures ! Wicker 11970) reported t

(mediation or rote) used by each subject did affect per
tion was more likely to reduce errors: "in the photographlc group. Agaln,

it appears that intellectual and educatlonal factors influence the effec-

tiveness ;of v1sual displays. . L f .

-

’ Results of three experiments directly conflict with the™ reallsm theﬂ-"
" “ories--with the cone of experience in particular. Followlnggthe belief
that realism enhances learning, Gropper (1968) compared the effectlveness;
of hands—On performance versus a visual instructional programs The task, \
‘ which requ1red the subjecy‘&o assemble a three-pole motor, was performed !
51gn1f1cantly better by subjects assigned to the hands-on group. However,
Gropper Stated that this’ superiority was more apparent in the early stages_
¥ testing and suggests that it is the result of motor practice rather |
T OF superlor learnlng of the task. :
3 Ir con=rast, Austln (1972) foung that a manir:lative instructicn -
s -group ild worse than a pictorial presentatlon groups.  ~ However, since the
lesson content ‘was statistics rather than a , percentual-motor task (naving
r subjects* flip coins to illustrate probablllty theory), the results may not
be meaningful in the traditional sense of manipulation. Finally, Laner
(1955) teésted fre effectiveness of motion pictures versus still pictures
derived from the motion pictures for teaching a perceptual-motor skill
for which he believed the subject needed to understand the functional in-
' ferrelationships of parts in motion. Three immediate tests were adminis-
tered: dra- a rough sketch, answer 18 oral questions, and assemble the-
‘tricger mec-anism. No significant differences were found attr:butable

szﬂto Fresentazion mode.

1 Realism and Cc.or. The dimension of color has been of particular in-

terest. to r=sea“che s of graphic presentation, in part because color en-
C—"hances reali.sm. Dwyer paradigm ‘included the addition of color to each

visuali leve. in thrcerof his experiments (Dwyer, 1967b, 19684, 1968f). °
~ Dwyer stated that t-e addition of color did not result %@ an overall posi-

* tive effect (Dwver, 1971); color did, however, seem to have a somewhat
consistent effect in Dwyer's experlments. For example,,for ‘programed in-
structlon, the shaded drawing was not as effectlve as some visual presen—
tations. For projected materials, however, shaded drawings could be
enhanced bv the addition of color..  The color heart model - 1n,the progr amed
presentatlcn was effectiYe, whereas the black and white was not (for the
Ident1f1catlon and Drawing tests). , It is possible, then, that tasks that
require a more visual respwnSe may, at some levels, be enhahqu by the
addition of color. : ~ .- -
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 Results of otheg,experiments~mAnipu1ating'color in ‘the reaiism con-
tinuum are very similar (Hagaman, 1970; McCoy, 1962; andermeer, 1954;
. Wheelbarger , 1970; chker, 1970). - ThevWheelbarger a-.a Wicker exoerlments
already descrlbed found no significant &if= erence af%tlbutable to the use
& of color.  llagaman instructed all of his &= udents ‘'with thesame materlals,
. but he varied the level of gealism and uqt_of color in his test stimuli.
He presented his third-grade- subjects wit- 17 pictures and object naﬂes-
color DlEture, black- and-white picture, 'monochrome line draw1nc, or .object
name alone. Results indicated no signifizant differénces related to re- °
_ sponse stimu%r. Additdional analysis revealed, however, that koys responded
szgnlflcantly better tp tests -with colox plctorla stimuli (Hagaman, 1970).
McCoy hypothesized that an audlence would rate color fllm presenta-
F  tions as more real than black-and-whlte presentatlsns of the same (docu-
,,‘mentary) materlal. Results 1nd1cated the reverse, the audlence more -
frequently judged the monochrome version as.realistic (McCoy, 1962).
This result is probably due .to more frequent exposure’ to monochrome -
documentarles.- - “ T

.
Y

' " e oL : .
- . . - b .

. : In an: experlment de51gned to*tap a: v1$ua1 and social class 1nterac—-
- tion, Morgan (1971) presented either color or blackvand-whlte 111ustrataons
_in texts on tractor repaig and fmower malntenance. Subjects were . chosEn

from ‘ninth graders enrolled in the South Carolina public school -agriculture
.classes andy by quota sampl: ng, were a551gned to experlmental conditiorns
accordlng to rgce and econoric status. Colored illustrations d:d not have
a 51gnificant effect on a(ther 1mmediate or delavad retentlon 5 weeks:
Upper-class”white Sub]eCtS, however ,- did somewha: better on the color
presentatlon.‘ i e
Summary of Research.on Realism._ The hypothesis that high.v realistic

graphlc ‘presentations teact naterial more effectively than do iess realis- ?ﬁ
tic presentations has much —ace validity. However, the hypothesis is not
-‘supported by the literature Though experimentation in this area is marked
by lack of replication, it appears that if realistic visuals sicnificantly
" enhance learrning, this resuit should be reflected in the litera-ure--yef

it is not. There is evidence, héwever, that several factors mav -nfluence

the effectiveness of -risual display. As seen in the previous szucies,

the effectiveness of visuals has varied with the dependent measur- em-

ployed. There is an indication that some subject matter is mor: conducive

to visua: presentations than others. IQ or mnemoni: devices, cx =5s8sibly

other gutject characteristics (e.g., age), may interac: with tybes of vi-

suals. In addition, zolor, which is often thought =o -HCreaseI:ecrlsm, has

P

limited appllcabllltv.J Rather than being 1ntr1n51callv effecti-e color
appears to enhance selective visuals, particularly in those exper_ments
which use visuals as part of the response requiremer:. General'y. chen,

use of visuals should be carefully weighed against tasx, subjec= ratter,-
‘and student. characteristics. - .

/ o . ‘ : 14 3
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Learner Preference and Motivation.

‘ i N -

" The opinion that visuals .significantly affect .eatning because they
create a pleasing* learn‘ng situation’, .are pcs1t1ve-~ motivating, etc.,

is prevalent in education today. Research on l2arrer preferenqe for ‘cer-

ta1n 1nstruct10na1 stimuli ‘is seen as- a valuable a¢junct to any instrue-

tiohal development program; newer technology studies are often accompanled

o

by post hoc measures of a learner's attitudes toward the instructional,

situation (Dwyer, 1967d: Siegel, 1973) : g : 0
. . .

x

Some efforts to experimentally measure preﬁérence as, arousal have
also been made;. the most notablé. being the Hess research (1965) on pupil-
lary_response.’ Medla preferenoes measured by . physiolegical data such as

pdlse have also been attempted (Bruha, 1970; Silber, 1969).° THese re- .

searchers found 'some’reaction to film as a- media, but more frequently
they found reactlons to “ilm content. Moke impor<ant, Bruha found a dls-
crepancy between teacher andkﬁtudent ‘preferences.. There are, however,
little data to support = ‘e not_on that a subjectls preference for a par-
ticular kind of instrucz_onal stimulus necessari{; affects performance.

, . . R .

' . . . ) .
Subﬁecg'preferences do not necessarily enhance the .teaching effec-
tiveness of particular modes, But thére is evidence that preference does
31gn1f1cantly reduce attrition (Wali, 1970). In a study of adult learner
preferences in Iran, Wali found that both teacher choice of -mode and stu~
‘dent preferences for mode reduced ti~e dropout rate. Thus, {in the long
rdn, ledrner preference ma- af fec= iearning. - *

L Ghildren s Preferences. A review of the literature of v1sua1 prefer~
ence has been made by Spau_ ding (1955), who. reporzed the follow1ng- Ch11-
dren prefer 'books with bri_liant zolor 111ustratlons, these 111ustrat10ns

should cover at least ralf g page , ideally a whole 'paze; and realism of

.

Ca

a

the 111ustrat10n takes nrecedence over color, as cnildren prefer realistic

black-and—whlte 'to colcrful nonrealistic presentazions. Children's visual

+ preferences are reported t> chana« as ‘they develor . a cording to Spaulding's

review. Younger children »ften pr :fer specific dcior., such as red. They
also prefer ‘simple line d:r:=w«ings, neveas by fiftFr o .d€, most children.
prefer more complex illust-ations .such as photogr :pns) over simple ones '
(85% vs. 15%). Younger ch:ldren pﬂ!fer that the czortent of illustrations
(and thus the stories thev accompany) be about faril:ar things, while
older children prefer“the exotic. For example, ycunger children prefer
stories ‘about domestic animals, and older ch11dren prefer stories about

wild animals.
.

) ' ) .
Adult Preferences. Adult illustration preferences are somewhat dif-

ferent from children's, ~ith some variability owing to sex differences.
Overall, women prefer illustrations containing more classical themes, and
men prefer sports and do not mind mildly gory scenes. Spaulding (1955}
reported however, that both sexes: lacked .interest in photographs with new
or unfamiliar materials (e.g., ambiguous) or those "that were vague as to
content or action" (p. 39).
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L bttention and Preference. The pOSSibility that content is a stroqg:
factor in determining preference. is, suggested by Kaplan, Kaplan,{and . 'f
Wendt (1972).. They found that; contrary to popular opinion, preference ..
for illustrations could not be éxplained ona simplicity-complexity di- ;u?
mensionu .In their’experimént, content (pastoral vsy urban)had. the greet-
. est effeot, some scenes being ‘preferred to others. Sloan. (1972) also
e found that content Significantly af fected prefere ce, but. in her study : ,
of varying socioeconomic 1evels, -style of presen ation and aex of "siibject
.’ -also significantly interacteat_ Overall, males preferre& the mqre realistic

presentations ‘to line drawings,‘and fémales showed more varied responses.

<L, . ' - ~ . - : S L

: . ‘v . N s
e ' IncreaSing the size of photographs in newspapers has also beeh found hY
-to increase attention to a- certain pictogial, when a picture was large,
subjects’ read the accompanying text more oftén. In the Same way, color
increased attention to particular stimuli, and color pictures elicited in= *
creased .reading of material. But alphanumeric displays such as headlines
produced  an. -interactive effect between the meaning of’ the headline and
_-~Size/’ The 'headline had to be phrased so as to complete a thought before
subjects attended to ‘the subsequent text (Spaplding, 1955),

Visual Preference and Performance. Overall then, there is some evi=- v

dence to indicate that preferences for visual materials are a function of

. ‘several "individual characteristics,. including age and sex. However, the

a proposition that these factors significantly affect_learning ﬁrom materials
containing the stimuli preferred by a particular group, and indeed that
these preferences will ‘act-as streening devices, is not supported by the
literature. For example, Laughery- and Fell (1969) found that despite
.1earner preference for the vishal mode, subjects in a memory=-span task
performed betteﬁ on ‘the auditory than on- the vfsual presentation of

RY]
‘

} 'material. o . . . I : .
'» . . - N‘ N N o ¢ .

There is some eVidence thgt preferred visual stimuli may be counterw ,
productive in some instructional situations. For example, Halbert (cited. '
by Spaulding, 1955) found that illustrated versions of a text elicited
more ideas from children, but that these ideas were more ojten than not
directed away from the central theme of the material.w In “essence, the
illustrated text. created more distractions than did ‘the nonillustrated
version. She concluded that if the task is to teach about a particular

concept, illustration ‘may be counterproductive. ; a
. PO

' Color  and Preference. . Perhaps the most widely accepted bqliefiabout
the effectiveness of any.one stimuli, or attribute of an illustration, is
that a color version of an illustration will more effectively communicate

~ an idea than a monochrome version of the same material.' The dssumption
'/ for this belief is that color is pleasant ‘and thus a very strong motivator
\’wayeri\1971'*Laner, 1955). There is little doubt that most subjects pre-

.

fer color illustrations (Vandermeer, 1954), but\as with overall preference
for visuals, there is little evidence that this preference s1gnificantly
affects performance when color and monochrome presentations are compared.
For example, Vandermeer showed five black-and-white films to 9th and 10th
graders. _Subject matter iniluded maps, riyers, snakes, sulfur, etc.

(‘ [a .o /
. KV .
XY - Ce N ] N . . . . . -‘
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: 4Dependent measureés were Hdth verbal &sentencezcompletlon, multlple choice)
'and - nonverbal (p1ctqqés graphs) The results pf tests. given both im-

medlately after._the sgreenlng of\the materlal and after a 6-week delay

showed no signlflcant dlfference due to° the/addltlon of color. "Replica-
.* £ion of the same paradigm for ninth graders with no delayed retention _
+ *tegts had the.same results, aIEhough subjects in, thig experiment reported ~.
tha they preferred color pre éhtatlth‘ and sub)ect matter did- posatlvely
Jnteract with thrs preferehcey\with n%'sex dlfferences. -

, ' : e FE - . R
In an attempt to measure the * positive attltuﬁe toWard “the use of ’\
golor, Wridht and Gardner (1960) had men (ofvwhom twd-thirds were bMue- :;

- collar workers) rate three ver31ons of <four three-coLor rdctures, us1ng .
Osgood's Sémaritic Differential (Osgood et al., 1957). The author hypothe-‘
. 1zed that. color was an- addltlve type 'of stimuli 'and that preference ‘for N
s cOlor would shqw up:as a response evoked in an addltlve manner. They -
found that in some cases. subjects responded to color independentlx_of
pictorial content but in others there was a strong cbror and content
’ 1nteragtlon.‘ < . o S _ , .
. . . . . . . . . . B

T3

Summary of Research on Learner Preference.. The litprature indicates '
that visual preferences do exist, perhaps correiated wi other factors
-such as. _age, sex, "and socioeconomic position. Hoyever, there is little
evidence to 'support the notion that preferences for particular- yisual
stimuli affect- performance. This latter statement does ndt necessarily
“contradict the laws of motivation and learning. It may very well be that
subject preference measures 1nc1ude more factors than were initially ap=-
parerft. For example, asking subjects to describe thei# preferred instruc-.

‘ tiona% modes may elicit either "which do I like the besé?“ or "By whicht
(do I learn best?" Farr“s research (197Q) addresses this issue.- Subjects .

\ were assigned to instructional methods according ‘to which method they
thought they would 1earn§best by--not identical  to which they preferred. .
Subjects rformed signiticantly better when using the method of their
Ch01ce. ggus it is suggested that+attitudes about learning may *be 1mp11c1t
in the preference -measure <hosen. .- - .

V-

There is little research on preference-predlctlon in v1sua1s. Visual
" likes and dislikes are usually measured post hoc Dwyer, 1972) rather
than by assigning subjects on the basis of their preferences. Schiff
‘(1970) demonstrated that experimentally manipulating preference and con-
tent in the visual situation may be awkward. Believing that content
would affect evaluation of a film, in particular - the est;mate of the
duration of the film (the dull films being Judged as 1onger), SChlff
.measured llke-dlsllke and pérceived duration of several films. The re-
sults were not s1gn1f1cant, subjects estimates of film &uration were
" highly inacturate in all phases of the experiment. This result suggests
that subject report of effectiveness of some preference factors may be
h1gh1y un ellable. » . - 3 Lo, -

. . - - b

»
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Preference does not appear to be an important variable <in rnstruction

per se. Furthermore, little research has addressed ‘the separate components . -

-of preference. Until an organized body of literature supporting preference *
as a factor in visual ledrning is developed, preferehce for visuals does

not appear to Justify their use. - . - . T
.-. N . - ) "
K .. ~ 5 1., o s. \ . . . R “ 4 . .
- A S . " ! ‘ o 2 *
Multiple Sensorx Input . ) N
: .. e . <

T 0" The belief that graphics qan increage learning because t.heY‘ add; addlyw -
tional sensory\inpdt s pfesent*in educationﬁl technology folﬂlore today. o
Several researchers have: addreesed the .issue of’ stmultaneous presentation )

. of multiple fhedia (Cody,,1 62; Devoe,_1965, Olsen, 1969). Advocaies -
theorize that if one .medium will suffice, then *two 5& three must he bet-'” k!

" ter; or they espouse ‘the shotgun approach--if an effective method is ﬂob )
known, try everxthing.% ‘These theories have thexr ‘basis. *in the hypothesis - -.

i _that simultaneous presentations unburden overloaded sens®ry channels Two

- types of research have beqn described: experiments’ manipulating stimuli

on .a more basic sensqQry éncoding or perceptual level tad presented 1n,the -
. previous section on-perceptual eff1c1encyr, and those evaluating multimedia '
in the instructional environment.- > ) :
- 1 N ,'~\ . . R
‘ / -The ba51c research findings. have .been described in a revzew by Devoe‘
(1965), who reports a growing body of literature 1ndicat1ng that "human ‘4
perceptiow is essentially ’'a one channel system"u(p. 6). There is . some ‘2

- evidente that ‘simultaneous transmissionb of’ simple material can be pyb-
Cessedieffectively (Devoe, 196§; Mowbray, 1954; Sumby & Pollack, 1958). ]
: Uaually,,however, simulteneocus stimuli (such as auditory and-visual sjg-
nals) are handled alternately (Broadbent., 1956; Devoe, 1965; Fitts, 1 1;
Kristofferson, 196 )e ‘Though the results of the research in this.area ’
are highly Complex, in most studies simultaneous transmission did not ' >
“necessarily increase the effectiye processing of the stimuli; in fact,
in some experiments subjects performed worse than chance (Mowbray, 1954)..
Thus it does not appear .that, at a basic level simultaneous'transmissions
necessarily unburden overloaded channels. ’ ) '

Al

‘\

W1th1n the ﬁnstructional env1ronment the results of experiments.

eStlng the effectivenéss of simultaneous ‘media presentations have wvaried.
Despite these findings, simultaneous presentations of every conceivable
kind of audiovisual have been popular gimmicks, based on. the belief that
they lead to more efficient storage. In a study by orsen (1969), a medi-~- _
cal self-help coursg was taught by one oft several presentations using audio~
tape and one other media, such as slides or movies. Scores on tests
‘designed to measure the traditional verbal:knowledge’ aspects were not
‘significantly different. ,However, performance of the, first-aid tasks
showed a significant gain in performance scores as more sophisticated
‘madia were added. In an experiment by Cody 1962), combinatlons of read-
ing, listening, and note~taking were investigated. No 1nterﬁerence was
3 jndicated as a result of the extra’ ‘technidues; hoWever, the most effec-

L

tive method was Silent reading. - N R ) .
- 4’ Lt Coe , - \» )
X . ; o, R
4 1_ .
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Though attltudes toward s1multaneous presentatlons probably
have a more influential effect in this area than they do in othe
tional contexts, there is evidénce that attrition rates may be d
‘cally reduced by the use of multimedia packages. In one gase, a

. dropped from 40% to 8% (Hall 1971). o
. . _

In summary,.the basic-premise that simultaneous presentatio

visual stimuli are able tp ‘unburden overloaded channels has not

"' .gubstantiated. Moreover, the generallzabillty of this premise t

.instructlonal env1ronment does not- appear-to be warranted.

4 e
Pl - . P ’ PRY

Visuals and InstructionalpMedia~l . .
. N . - N

. ‘In the late- 1950's .and early’ 4960'5, Feveral movements towas
‘use -of some audlov1sual technelogy began on a natldnw1de level.
ample,rlanguage laboratorles became an adjunct to language learn:
. closed=tircuit TV appeared on un1vers1ty campuses and in many hi¢
Overal} the movement, was toward more sophisticated audlov1suals,
v1sﬂals were transformed from the notion of teaching aids’ to actt
ing devices. Overhead transparenc1es, fllmstrlps, films, etc., \
quickly replaced by television language laboratories, sophist1ca1
, taneous training dev1ces (Stoltz, 1971), and computer-assisted ir

.al systems. - ] T fo
- ’ . ";'. ' ‘ )

. * As technology advanced by leaps and bounds, however, the ine
tlonal course ware for these systems progressed slowly. Material
training devices in particular could be easily updated to keep up
equipment changes. Course mateﬁlal for teaching troubleshooting
piece of missile tracking equipment illustrates this point. Some
- and system approacbes were abandoned early, whereas other concept
popular. Instructional television falls among the latter; it is
i‘the few systems on which muth evaluat1ve research has been done.
.~ .Several studies have examined'alternative istructiondl medi
though there is no specific theory relating visuals and media, me
studies provide an indirect means of evaluating instructional gra
as cer'tain media readily lend themselved. to graphic .depiction of
Indeed, in some \nstances the primary rationale for selecting a
lar medium is the capability of that medium to generate sophistic
> graphics. Instructional telev1s1on (ITV) is a. prlme example of t

latter category. .

-

Television. . Visual displays are intringic to an ITV approac

;was believed that the student could benefit"from' oth an organize
~son and the accompanying dispkays, 1nclud1ng closeups and detall
actual laboratory setting, without - leaving’ hls sedt. Programs ye

expensive to produce, because many students could be® taught by on

- structor on a closed*+circuit line. _Reséarch, lookihg at some of t
+ tors influencing thé effectiveness of television for instruction
¢ tiful, yetathe.results‘still;are somewhat.inconclusive.. There is

. $ Y T

o
~ . Iy
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-doubt that telev1s1on can be a. very effective 1nstructor (Anderson, 1972-
Am-;Bart,_1971° Dwyer,,. 1968f£ ;- Jackson,-1955).‘ Bart described some variabil=
' ity in effectiveness, due to socioeconomic class, in- his experiment with
- third-grade tudents.” Dwyer maintained that the notion of. the ability
of telev1s10 ‘to accurately s1mulate\the laboratory . setting (say, a phys-.
-wlCS experiment), show - detail, etc., is- -an overs1mp11f1catxon of the de- - -
s1gn process, as 111ustrated by hlS visual realism experiments (Dwyer, .f
ab1922). He stated that an. ‘increase in the amount of information con= ‘ﬁ
_tained does not necessitate an’ increase in. 1nformation conveyed to the
learner., Furthermore, Dwyer: as5erted that most televised instruction-
_-programs are the fesult of the producer s creativ1ty and not systematic:
. instructional strategies. . . , - _ . '«
. » o . ‘ a\*'m

R

: There is evidence, however, that telev1s1on -can be systematlcally
evaluated by properly designed research: * For example, both Barrington .
- (1971), and Jackson. (1955) designed programs using effectiveness feedback.
In Barringtgn s experiment, two variations of.the same. material were pre-
. sented, the first being taped 1nstruction (TI) of a regular classroomp
lecture, and the second an edited version of the first, ing.animation
» and ,Gutting out extra noise and background. Subjects, matched for 'abil--
1ty and sex, were ass1gned to one of the treatments.- Results indicated
-the edited program was more effective, However, there were no s1gn1f1-
“cant ability or treatment 1nteractions (Barrington, 1971).

e
. 3

N The Jackson research concentrated on determlnlng princ1ples that .
would aid the instructor. in des1gn1ng effective visuals "for 1nstructlon- '
‘al televzszon presentations._ Staff members from the-Human Engineering ,
Div1s10n of the Special Device Center,_U S. Navy, rated 105\ex1st1ng pro4
grams for visibility (i.e., clarity of the- telev1sed 1mage) on a Jd4-item:
Likert scale (xeliability = .85 - .96). The ratings fell into a normal *
curve, with the first quartile very good and ‘the fourﬁh quartile poor. *

', Next,.a display containing all the pos1tively‘ratedtfeatures was con-'\'
structed. .The other ‘displays weére then reconstructed to include portions
of the properties derived. Ratings on the revised- diSplays increased
.significantly. Finally, displays were rateg&by the experimenters acéord-

'1ng‘to the: derived principles, and predictions about ‘their’ ratings were

~ made. Predicted ratings correlated significantly with actual ratings .

(r =..90). 1In all, 31 princ1ples were delineated on, the assumption that “

h1gh display quality fac1litated learning. oy R , - :

Color. Experiments testing the effectiveness of televised instruc-' _
tion included manipulating color versus black-and-white presentations R
(Booth 1971; Kanner & Rosenstein, 1960). -Results have mimicked color a
studies previously" described, with no s1gn1f1cant differences attrib- ’
utable to the addltion of color but ‘some s1gn1f1cant color—content
1nteractions. . oo. >

Q

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

-

-

For example, ‘the’ Kanner ‘and’ Rosenstein paradigm selected 11 lessons"'”
‘from three Army Military Occupational ‘Specialties (MOS). They presented

: black-and-white ‘or color versions of each lesson; each ‘lesson was given .

three times and followed -by 1mmediate testing. Some of the test items,
called color_items,.‘either had ‘célor as an integral part of  the phrasing
of the question or the subject was required to have specific color knowl-

" edge (for example, one question pertained to a certain colored resistor

and its value in ‘Ghms). Only one lesson, Range ‘Tracking,. resulted in -
higher scores attributable to the addition of color. The decision to

. “develop lesson materials in black and white followed. .The.experimenters

»

\

_felt that the results were due to a color-content interaction, or the

"small percentage of color material shown to be: significantly more effec-'

i

tive (11%) did not warrant the overall use. of color..

¥ response

’

booth (1971) explored.the affective value of color.

. to the idea that color may elicit unwanted. emotional, arousal,'secondé'

%

third-, fourth-, and s1xth-grade students of varying socioeconomic back*
grounds ‘were presented with either: color- or monochrome presentations.
" Prior. years of viewing color -television: did not ‘constitute a s1gn1fi“
cant factor: "However, a significant developmental trend was’ noted." TheV
second-grade:studeﬁts tended to internalize attitudes portrayed in black
and white more: than those in the color version, and the trend for sixth-'. .
‘grade students was, exactly»the reverse. Fburth-grade children were de-
scribed as. being in a transition period.
: 1

© Visual versus Auditory Media. . Overall, visuals have been reviéwedf
across modalities as having some pOsitive, yet variable, results. - ‘Day and -
Beach (1950) report in ‘their  review- that for, paired associate learning,. -.--
difficult material is better. presented visually, ‘and simpler material is
better presented’ auditorily. "In addition;” “the youngér children did not
benefit from visuals as "did the older children or the more- 1nte11igent

children._ P m‘

*

Visuals versus audltory modes, particularly the auditory pnesenta-
-tion found in TI, have been compared in several experiments .(Cooper &
" Gaeth, 1967; Dworkin & Holden, 1959; -Edgerton, 1957; ‘Hanneman, 1968) . L
Some - of the variability in results has been attributed to content-mode
1nteractions, as in. a study by Edgerton (1957) wherein learners gained

. more from the use of pictures (slides) on some materials than on others.

v
- - . r

i A developmental effect 1ncluded in the’ content-mode, interaction was
gbted by Cosmif‘and Gaeth (1967), who presented mateyrial to students in
grades 4, 5 6, 10, and 12 by visual or auditory modes. Supplementing
the Day and Beach observations cited above, these authors suggest that
‘the” ability to gain f.om pictures peaks somewhere in late childhood, and
.that by .grade 12 studen*s function better in a verbal (text and aural)
mode than in a visual mode. This proposition is also suggested by Collins
(1971), who found that second graders perform equally well on several:
kinds of v1sual-alphanumer1c presentations teaching 'spelling. Collins
used both an achievement test and a 1-week delayed retention test. .

'



“In. the’Dworkin and. Holden experiment (1959), filmstrip and audiotape
. presentations versus TI-designed by the. . same._instructor were compared for
.their effectiveness in teaching atom bonding material to engineering
graduate ‘students matched for education and previous course grades. No
31gnif1cant difference.-was noted in. course_ achievement. ‘However, ques-

' tionnaires’ did yield significant attitude trends. The audiotape¢was
criticized as be1ng too fast (135 words per minute (wpm) compared to an
average rate of speech of 120 wpm). In addition, 40% of the students in
“the exPerimental group said they would have liked a chance to ask ques-
tions. However, student oplnions did not correlate~w1th any trend in.

Y
‘ achievement._ T

.-
Motion as an Instructional Cue. A few studies have directly compared’
alternative. audiovisual media. For example, when. slides or filmstrip
methods  are compared to moving film presentations, the- actual movemeht of
, the stimu11 describes the major difference. - Sometimes the richness-
detail, partlcularly the detail of the simulated environment, has been
.described as a contrasting factor (Devoe, 1965). ‘Pelevision and. video-
tape” have had reported effectiveness in training by reproducing behaviors
“that- the subject £an later alter, such as: gymnastlcs (James, 1971). In
fan educational. context, videotape was found to aid practice teachers in
. their teaching behaviors. Students’ in the experimental ‘videotape group
. received significantly higher ratings in' their practice teaching than did
- the control group who had TI practice sessions: rather than v1deotape feed-
back (Jensen & Young, 1972). o . L . '_w -

.Absence of background noise is also descr1bed as a factor contrast-"'
ing television and TI (Sprague, 1955)., and there is some. ‘evidence that
background noise is a regative factor; but overall -motion is usually R
\described as the important addltlon (Dwyer, 1969 Houser, Houser, & . .*_ *i;
Van Mondfransg, 1970; -Laner, 1954). " THe.. addition of motiop addresses - ) -

'either or both of two speclfic strategies ‘the instructor i§ using. First,.
there is the attd..‘on-motiyation.valﬁe*of métion; ‘researchers- have*looked
at -two aspects here. Dwyer found that’ motion (operationally defined as :
pointing to the important area of the Heart ‘in videotape presentation),mf
did not significantly affect performance (Dwyer, 1969). - Sprague (1955) -

. compared the effectiveness of . four types of visual presentation of in-

‘ .formation about machines to sixth- and seventh—grade boys and girls.
Magazzne clippings, cémmercial film, and- combinations of the two com~ .
- prised the experimental conditions, and magazine clippings presented as .. .
a filmstrip comprised a fourth condition. No significant difference on. '
subsequent tests was attributed to mode, except that subjects having o
higher ability did better on the commercially produced film than did

those with lower .ability. Of the other hand, Gettinger (1971) did flnd
.significant differences between v1deotape and stlll-plcture presenta-

tions and subject . (flfth and s1xth graders) performance in 1dent1fy1ng

motlon. .

4-—\-_'
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R The‘second strategy for using motion-is to facilitate 1ater RN

perceptual-motor behavipr. The subject is thought. to be better able to .

understand the interrelated movements in ‘a performance task by Vicarious-i

ly experiencing the task through film. Laner (1954) tested.that idea by
presenting a filmstrip or film of how to repair a broken ‘window sash._?
The instruction included how: to disassemblé, repair, and reassemble the

"materidls. - The filmstrip presentation was made from 51 still blowups

from the film. It was believed that these frames did not include motion

~and overall were much less sgphisticated than the film presentation.' The

dépendent measure was a 23-item performance test im which the subject was-
rated on his ability to make the repairs; time to completion was not mea-

- sured. 'Results indicated no, significant differences attributable to
.. method used, although previous carpentry experience did prove to be.
significant. . o _ : .
. v , o . -J/

Last, a ‘comparison was- made betyeen alphanumeric and - aural presenta-
tions of descriptive captions accompanying a-movie demonstrating to agri—
cultural students methods for. grading cereal ~grains (Hanneman, 1968) .
Both identification and performance measures were ' taken. students in the
Visual group {(alphanumeric) did significantly better on the identifica-
tion tests than did, students in the aural-group. However, no performance

'differences were . found. -

Media and Instructional Strategy The - idea that one medium is in-
trinsically more effective than any of the other media is Simplistic.‘
The specific factors that enhance learning in. the’ instructional situa-

" tion aré no longer restricted to *the contexﬁ ‘of particular equipment,:

but rather are.considered within. the total instructional ‘system, which .

jincludes the instructional strategy:: The strategy is- usually built into '
- _the system, and flexibility for changing,this strategy varies from sys-
.ﬁ;tEm to. system'- S . : . , .

of the material._' . 3_

"In contrast decisiq&s about instructional strategy may ‘also” be made .
independently of the instructional system. In relation to learning from
visuals, several experiments illustrate that certain'instructional_tech-
niques;, such as the use of advan¢e organizers, post-organizers, and inter-
rogative or imperative captions, can be effective (Ausubel, 1960; Bertou,
Clasen, & Lambert, 1972; Butts, 1956; Dwyer,_1970'“Neu,.1951).
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For slide presentations; questions as captions do Tiot appear to be
-as-effective as declarative or imperative captions (Butta,\1956, Dwyer,

"1970a). In Butts' experiment, both immediate testing and 2-wegk delayed .

tests showed imperative and- declarative captioris to be more- effective
than questions as captions, except in the case of one- content area.

For .written text, there is eVidence that advance organizers facili-
tate ledrning (Ausubel, 1960), and teleViSion presentations have shown a
pos1tive effect. for interspersed questions followed’ by a-shart pause-

(Bertou et ‘al., 1972). Other" attention-getting devices were manipulated:

by Neu (1951}. In his paradigm, both-relevant and irrelevant material
were used to direct the’ subJect s attention to particular- proceduresu
- The "visual" attention—getting deVices were of questionable relevancy; for
example, when demonistrating that a metal” ‘niler should be oiled, an oil

can appeqted -as the word "oil”™ was spokens - Nonrelevant stimuli includedy"’
pretty girls angd cows! tails. The results did not -indicate” that Neu's "

extragB¥isual cues aided learning, in fact, scores on both a 104~-iten
multiple-choice test (KRZO- -.94) and-a 77-item recall test indicated
that irrelevant. devices were ‘distractors - in that they lowered scores. .

In summary, since visuals are associated With-the Visual aids or advanced
'system described previously, their value is difficult to assess. Research

on instructional strategy indicates that some methods of presenting the,

.’ learner with material are more effective than others. The success of

some media may be due to their amenability to effectively use. instruc—
tional principles 'rather than to the use’ of vrsuals. .

<

Programing material for a computerized presentation, teleVised pre-

sentation, or,film requires more planning than do most TI presentations.‘

This attention to detail and organization probably .accounts for a good
deal "of the effectiveness of the medium. .If system engineering princi-:
‘Ples were: applied to TI or to less-sophisticated media guch as slide o ,
projection, the effectiveness. of both -would- probably be increased (Radan“

& Zuckowsky, 1969, 1970; U.S. Civil Service Commission, 1971). Research '

N

on system' comparisons must be reviewed carefully. As Gropper (1968) L
stated, most experimentation of this nature is invalid, since it does ¥ |

not compare two equally well-constructed methods. v
Although it*is valuable to-examine experimentation on- instructional
media,,the results of such experimentation- are confounded: by a " number of
factors, including ‘the instructional strategy, the subject matter,.the
physical demands of the hardware, and the system goals. - . v

Individual Differences

PR - Ty

As has been'discussed’previously, secondary results from a number of‘

experiments have suggested that graphic effectiveness is .in part a func-

" tion of learner characteristics. Thé examination of indiVidual differ-
ences has received considerable impetus with the introduction of aptitude
by treatment interaction (ATI) methodology. As early as 1957, the appli-

cation of ATI methodology was suggested for - military,training (Edgerton,
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,‘u1957)4 however, development of educatlon and training dev1ces has been

disapp01ntingly slow. The .following discuss1on deals briefly with the :
characteristics that appear most relevant to educational graphics research.

Educators maintain that individual differences, espec1a11y in the
traditional instruction context, hold back some’ students and allow others
‘to excel, thereby acting both to the advantagesand disadvantage of in-
struction. It was hoped that instruction* could be designed with these
'diffenences in mind. But as Tallmadge and Shearer (1971) indicated,
the - process of 1dent1fy1ng the most relevant indiv1dua1 differences is
much more difficult than it first appeared to be. Educators have per-
sisted in studying the question,_maintaining that normative data collec-
tion and program -development geared toward .the average student (who does
not exist) overlooks the 1nd1v1dua1 ‘and suits no one (Snow & Salomon,
1968). The goal of ATI methodology is, then, to’ elucidate the most
powerful effects and to develop ddequate screening devices for assign- .
ing subJects on the bas1s of the important differences.

~-. % Programed 1nstruction (PI) is a type-of.. individualized program. SIE T
gwﬁ_AOes not-necessarily take into account known 1nd1v1dua1 differences, ex=
. ‘cept the need for self-pacing..lMany studies ‘relating specific cognitive
_~and personality variables to either medig.or instructional strategies
"have been conducted. The’ resulting s1gnificant ‘interactions are almost
- as,numerous as the studies themselves. For example, research indicates
. that’some subjects will benefit more from.yisual presentations than willg '
"other! subJects (Bush, Gress, Smith, & McBride, 1965;. Levin, Divine-
j-_Hawkins" Kerst, & Guttman, 1974;- ‘Tallmadge & Shearer, 1971). ‘There is
also ev1dence that visual effectiveness in education is dependent upon =
“Cultural and phySical limitations (Fitzpatrick & Hansen, 1973; Kilbride,
—,'.thobbins, & Freeman, 1968: Miller., 1973). S '

o
JCHE S

. . ATI studies have ranged from those seeking 1nd1v1dua1 differences re-
flated to-broad educational techniques, such as mode interactions (Goldbergu
? -.1972), to those concentratinq more on the subject-generated characteris-
tics of the interaction, such’ as personality. Learner types have been
proposed - (Britt 1971--Haske11, 1971). Britt's study was correlational,
f-using 59,000 subjects ranging in age from 9 to 19 years,plus a large com=-
puter analysis of millions of correlation coefficients from the data.
'“From ‘these: data, three learner types were déduced. Haskell's procedure
was more ‘conventional. He determined that learner type could be related
to adJectives operationally defined. by scores on tests (e. g., Priendli-

ness.on the Edward's. Personal Preference Schedule). .

Other types of ATI studies have: emphas1zed the particular problems
a’arising from a specific learning environment; for example, O' Neil's anxi-
ety studies in the case of Cal (O’ Neil._1972- O'Neil, Speilberger, &

. Hansen, 1969). Also, since visuals have been counterproductive in some
experiments and have been criticized as distractors, some studies have .
tested the distractability of visudls.. Bee (1966) did so in a non-CAI
:context and found significant sex differences--females were more vulner-

- _able to distraction than males. On the other hand; Tobias (1973) did

s
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not finddistractability to be a significant factor in the. CAI cohtext.
In effect, although ATI methodology appears promising, those character-
“istics of particular importance to the use of 1nstructional graph1cs T
have not yet been clearly 1dent1f1ed.

-

dverview L e . -"? o ‘&\5¥ f ' .

The. llterature reviewed does not readily .lead to a summary of the
'”,effectiveness of pictorial presentations in educatien and training. “The-
’experimental results show no linear trends that-clearly determine how

the - instructional program developer (or teachex)" should select visuals, .
or in which’ s1tuatlons they should be. used. The commonsense approach
.is restricted to-face validity, as research does not def1nitely support
the use of pictor1als according to any consistent criteria. : However, it
has been.substantiated that pictorials can and do, in spec1f1c 1nstances,
ﬂ'have an effect on some instructional programs. ; . 4 ’
v Significant differences appear in a variety of stud1es, al%hough
"~ .many of these differences are .too small to have.pradtical: application..

- Some iristructional " programs are enhanced by the use of pictorials, as

attested. by several of the studies. cited. In effect, the variablie re= ... .=

“sults obtained from experimentation (hence the lack of generalizabillty)

. suggest that while pictures do aid some kinds of learning,. the specific
conditions are not accurately known. - Nonetheless, three maJor~factors
that must_be accounted for do emerge.'/subject matter, task: requlrements,
and learner population characteristics. . - T e

o - = - -
. . AR .

e

-cii..AND GRAPE_ICS' e e

“As the litexature search progressed, 1t became clear that’reported
.research directed:toward evaluating the instructlonal effectlveness of
graphics in a CAI context’, particularly interactive: graphics, was almost .
-nonexistent. ‘This section therefore discussed- overall evaluations of
'CAI and related techniques, in order to’ 1dentify characterlstics inher- -
ent in CAI relevant to determining the contribution of graphics per se. |

Computer-assisted instruction, computer-based instruction, or
computer-managed instruction all refer to new educational technology
media that have the potential .of preSenting the student with material
conditiOnal upon his responses. This interactlve characteristic is
uniquejto CAI. CAI critics often rebuke CAI presentations as expensive,.
automatic page-turners for otherwise programed instruction: This judg-
ment may be partly correct, but the word "automatic". is not necessarily
derogatory, because it is this feature that permits -large amounts of in-
structional material to be. presented to many students in a single ses-.
sion. Moreover, 1nteractive graphics is a potentlal found only in the

'CAI approach.  No textual presentation ¢an provide graphic feedback con=
‘ditional upon the student's response. .

.
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.'r!:,In”the;past,decade,umany,contenteareas-haVe_beénrpresentedssia CAI.

Although rigorously defined material such as mathematics and grammar has
been emphasized, several major conferences have been devoted to the de-

. velopment of computer curr1cula (Proceedlngs of the 2nd, 3rd, and 4th

Conference..on Computers in the Undergraduate Curricula, 1971, 1972, 1973).

‘The 11terature c1tedmhéfa 1nc1udes several of these .content areas, notably

s

physics, management,-aﬁd math (Bernett, Bignell, & Bradley, 1972; Bo
1971&, 1971b,- 1972, 1973a, 1973b 1974a, 1974b; Hammond, 1971; Hertleln,
1972, Martln, 1973; Peters, 1969, shostack & Eddy, 1971- Wylen & Schwartz,

1973).v

. '. )
. . = ; -
The amount .of research evaluatmng CAI is not as substant1a1 as one "

‘might expect. Educators apparently feel that CAI is a future rea11ty.

’"consequently, CAI research appears4to have been more development-orlented

than evaluatlve.

In -a atate-of-the-arﬁfpaper, Jerman (1972) cites several ways in
which a CAI approach,can f%cllltate educatutxtoday.

These assumptions that lead us to place as much hope as we
do in CAI ‘are the following: . (1) man is capable of learn- o
ing more than he is being asked to learn; (2) there are a
manageable number of different approaches to instruction v
- that can be tallored to individual differences among™ stu-
dents; (3) through careful diagnosis insight can be gained
on how one ought to go about individualizing instruction;
(4) reinforcement .and feedback should be immediate . during
~ instruction; (5) in each instance the quallty of education
‘that ‘a person receives ought ‘to be- the hlghest pos51b e.

'5;5.(Iannl in Jerman, 1972 B 466) .- e B

~

,;It becomes ev1dent, then, that the CAI approach allows . not only for edu-

catlo and tra1n1ng but also for . experlmental research. . The majority of

- expe imen I researéh seems’ tO“be geared; hete, towagxd 1earning theory

maniput t ons rather than 1mprovement of the CAY product.

In his rev1ew, ‘Atkinson (1968) speclfles three kinds of CAI systems.
the dr111 and practice approach, which acts as an adjunct to-TI; the dia--
logue system, iQ which the student has complete.control over sequence Of
learming events and natural language responses to an unrestricted mode;
and the tutorial program which may be seen as an alternatlve to TI. This

'v'discusslon focuses on the latter system. S : K

In his study of the effectiveness of CAI, Atklnson used first. graders
who participated in a CAI reading program.- The control group took'a CAI

’math course. Atkinson's approach to his data analysis was somew] Tt dif-
_ferent from that of other CAI studles. Rather than measurlng‘the’differ-

ence in rate of responding (@hich he reported to be small), he took fre-.

quency data, measurlng the total number of responses made. The di fference

between the amoun} of mater1a1 covered by the slowest and ‘fastest ch11d

[y
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was 4,000 responses in the.6-month éxper imentdl periodi Atkinson concluded’
that CAI does have' the ‘potential to meet 1ndrv1dua1IEeeds. 'The educational

effectiveness of CAI also showed very positive res 3. " Gain scores on
the California Achievement,Test and the Hartley Reading Test showed that
the experimental group's scores were significantly higher in all subtests
" (such” as Vocabulary and Pronunciation) except Comprehension. Atkinson's
results suggest that in.order to determine the beneficial effects of CAI,
- onefcannot rely upon the traditional verbal-oriented dependent“measures;
The literature seldom disputes the 1nstructiona1 technologists' claim:

that CAI is an effectiwe instructional tool; several reviewers have ‘pre="
sented evidence that CAI is no less effective than TI (Anderson, 1967;

Gagne & Rohwer, 1969). But objections: .about some aspects of the instruce .

tignal situation hdve been raised. Fbremost\Of theseg objections is the
conjecture ‘that the CAI situation is highly anxiety. producing,. and that
feedback in particular can. have a detrimental effect on an anxious sub-

. jects’ To test thig hypothesis, 0'Ne11 et al. (1969) took -both trait anx-
iety (A-trait). measured by the State Trait Anxiety Inventory (STAI)

' (Spielberger, Gorsuch & Lushene, 1969) and state anxiety (A—state)
‘measured by systolic pressure.. Variation in subject performance was
reldted to A-state and difficulty of - material. Hansen and O'Neil (1970)
reported s milar findings.‘ In a later experiment, rather than assuming._.
the CAI si tion. to be inherently anxiety-producing (stressful), O'Neil
(1972) presented subje ts with negative feedback in his stress dondition.
High A-state subjects P rformed werse than low A—state subJects, ‘a. result
somewhat incdﬁsiﬁtent with drive theory. 'A significant periods effect
was also réported“in which _errors decreased temporarily across lessons.

.

b .
Tobias. (1973) studied the effects of interrupting the subJect during.

the CAI presentation, -calling this factor - distractability. Results indi- -

cated no learning decrease, but ‘an increase in time to completion. The
nethod of presentation was’ alsOnmanipulated by. having- the subject respond
overtly or by having the .subject read. The overt. response was correlated |

. 'w¥th better performance; however, it as ‘also cofrelated .with state anxiety,

which was. measured at four separate times in the' presentation. T
: Results of several experiments, ‘then, do not.support the hypothesis

. that CAI is an anxiety-producing situation that will: have negative. effects’
‘on’ performance or personality. In addition, correlation between A-trait
measures (4&s screening devices) and A-state measures is somewhat low,
r= .4 - .7 (Spielberger, Gorsuch & Lushene, 1969).

Graphic Studies o ' R . LT
B &

CAI evaluation has been more.dften limited to the development of
lesson content for specific subject matter than concern with experimental
comparisons between alternative techniques. For example, much effort has
been made to develop CAI courseware for - physics (Bardwell, 1971; Bennett,

°Bignell, & Bradley, 1972; Bork, 19714, 1971b, 1972, 1973a, 1973b, 1974a,
'1974b; Martin, 1973). These programs have sophisticated presentations of
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~materials, including drlllﬂ practice, and tutorial lessons; most include ..
graphlcs. Developers of this material have strongly advocated the devel~
opment. of p1¢tor1al material for CAI (Bork, 1974a). Some experimenters
(and students) have- gone to great lengths to-generate graphics, even. us1ng
‘'pen plotters (Hertlein, 1972; Hurle, 1970 Papert and Solomon, 1972). |

. To date, then, the move to include p1ctorials has been hand-1n-hand with
hardware development, without data to substantiate its need. ‘No doubt,
the belief in the need for pictorials for CAI has h&ld over from audio=-
visuals and the belief in the positive instructional effects of p1ctures.

-

A more experimental approach more fully utlllZlng the distinct po-
. tential of CAI, has been described by Hammond (1971). He predicts that

the ability of CAI to produce variable graphic feedback will enhance
-~ décisionmaking-.and dlagnostﬁc tralning._ For example, medical students

* may learn the-art of dlagn031s ‘'using a probability approach. ‘Whern .pre-
sented with symptoms, the student generates graphic dlsplays of how he
works with the -data, alongslde ‘displaye generated by, successful clinicians.
handllng the same data. -This procedure c1rcumven£s the right answer/

"f wrong answer paradigm‘more likely to .appear in other.content areas.

Other uses of interactive computer ‘graphics include labor-management . °
feedback (Balke, Hammond, & Meyer, 1973). However; no empqrical -evalua~
“tion of “the effectlveness of" interactive graphlc presentatlon has been **
made. _ - Lk ¢

'

A1
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, InstructiOnal Strategy:- Reinforcement and-Sequencinﬁ

Slnce 1ts inceptlon, CAI has been closely. allied to Jearnlng theory,
"~ both because it resulted from the Skinner Paradigm and subsequent -pro~

i

gramed 1nstruct10n, and. because it was a frultful testing ground ‘for- . .

... learning theory. hypothesis testlng.l The CAI. presentatioﬁ necessitaées""-f

¢ *

tions are central to old: learning theory disputes. For example, the
Method of administerlng relnforcement requires several decisions; one ‘:
such decision concerns the type of reinforcemernt that should be -used.
Existing CAI ptograms have often used famlliarity w}th small children--
" MVery Good, Pattil™ For adults, programs have ‘provided’ randomI? sam~-
‘pled, system~-generated yeinforcing phrases--"Fine. You're doing great,”
't or "Exactly right!" Some other types of reinforcement must also be de-:.
‘cided a. briori, 1nclud1ng decisions about feedback and reinforcement
‘delays. Without presenting the mass of literature on the reinforcement
"issue, we can cite evidence that in some’ cases delayed reinforcement will -
“enhance learning (Sassenrath & Yonge, 1968) but that the type of task may
interact with the effectiveness of the delay (Llntz & Brackbill, 1966).
L ! -

The type of reinforcement used may influence the subject's achieve-
ment motivation, which may in turn influerice the effectiveness of the :
procedure. There is evidence that the effectiveness of high-incentive
.conditions (money bonus) is different from the effectiveness of low-
incentive conditions. Bahrick (1954) found less incidental learning

29
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.. decislons concerning’ ‘the prbsentation of material.‘“Some ‘of these op~ v
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under high-incentlve conditions, a result . that may generalize to the

learning of detailed information--e. *ges subjects who have less 1nc1dental '

“learning may learn fewer details.’

‘ Dec1s1ons about the size of demonstratlon unlts and’ presentation -
length of lessons must also be made, although thére:is little .research
to address these two factors. In addition, one ‘of the most. ‘controyersial
questions in educational research is whether to. present rules followed by
examples or to present examples that help the student to deriverules.
Other sequenc1ng problems include when’ and how to present difficulty
levels. L RN :

Mayer and. GIEeno (1972) suggest that rule/example sequence effects ,
are dependent on whether the goal- places emphasis on using the rule (per- »
formance) or on more cognitive aspects (knowledge) such as formulating'

new rufes, i.e., the: extrapolativeﬂbersus the interpolative needs of- the~..'

T;Easks.- ; RS o Lo ‘_. j '_ o

Additional cuing and sequenc1ng effects have also been described.

: Low-ab;lity subjects are reported‘to respond signifieantly ‘better to pro-.w»

g ams using many instructional cues (h1gh11ghts, -Arrows pointing, etc.),
whergas -higher ability subJects are. more sens1t1ve to the sequenc1ng of
materlal (HalI, 1971). : .

Other factors relevant to CaIx 1nclude human factors elements such
"as 51ze, marginality, and distribution of type, all of which.may inter- =
fere with reading (Gregory & Poulton, 1970)-and the accoustical environ-
ment, which may be distractive (Knirk, 1970). Both:these factors may
influence learning. Some material may elic1t a credlbility gap;..an
example is the psychological material_presented by Fiks. (1964), who re- v
ported subject mistriust of the psychological inst;uctional material em- .
ployed. Other media such as TV are more res1stant to credibility gaps'gjf-
(Adais,*1970). P IR . . S T vy

P .
: 4 S - e
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Programed Instruction (PI). . Much of the research relevant to CAI.
instructional strategy Has been derived from research using .other tech-

niques, particularly PI. Fiks (1964) made one*of the most. comprehensive SR

evaluations of the effectiveness of PI when he presented material on
space travel, auto safety, and psychology to visitors to the Indiana
State Fair. Fiks manipulated fee ck delay and also obtained a three-~ "
question, Likert—-type attitude me ure, as well as educational and demo-
graphic data, His results indicated a significant content-difficulty
main effect. As the” percentage of confirmations decreased, the number
of errors increased. In addition, there’ were'significant_interactions

“on the overt-covert dimension in relation to attitude;. subjects 'reported
‘that they' liked PI better when they were writing (overt) than when they

were not (covert). Attitude toward PI-did not appear to affect perfor-
mance; however, a credibility gap for the psychology material was evi-

. denced. A curvilinear _relationship betwegn education and feedback was
-hypothesized; the lowest educated subjects liked PI progresgwively more
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as'feedback was increased, and the more hlghly educated subjects dlsplayed

A reverse trend.\ Sub;ects also reported favor1ng complete rather than

; partial feedback. Fiks concluded that systematic populatlon var1ance oc= =

PR PR

curs with- programed 1nstruct10n. 7 Y
- Sy '

Self-Pacing. As PI research continued, it be®ame more ev1denﬁ that
self-pacing alone could not accoun® for all individual dlfferences. Fry
- (1972) tried to determine . which qualltleslpf the self-paced instructional

situatlon would influence performance. He pretested subjects for achieve-

" ment {above and’ below: the median on the SAT) and for Ainquisitiveness,
using a battery of tests purported to account for 50% of the variance
“for 'inqui51tiVeness"'(Shulman, Loupe,. & Piper, 1970). Material was

- then presented in one of .four ways: (a) student controlled fhstructlon
(sc1), a self-paced method in which subjects were encouragzd to ask ques-
tions; .(b) a. structured presentation that combined expert p1n10n and

- used the questions|generated by *the first group; (c) a random presenta-
tion; and (d) a cgntrol group. of TI. Sabjects were \assigned on the basis

of their aptitude and 1nqu151t1veness scores to one of the four treat-
ments. “The subject matter was computers. High inquisitlve/high aptitude
(HI/HA) subjects did equally well on thé SCI and random conditions and - -
less well on the expert condftlon. Fry determined that this result was °
‘due to the challenge of working with random material ‘and recommended.
that, in general, SCI‘be used for HI/HA subjects. "HI/HA- subjects per-
'formed best on the _expert material, and about the same on SCI and random.
Thus 1nquiry may be a 51gnif1cant factor in self—paced'lnstruction.

wOodruff Faltz, and Wagner (1966) reported that althov.‘a 1nitially
PI was thought to compensate for individual variation, other variables -
such as personality, ‘attitude, readlng abillty, and IQ significantly "
affected performance on- PI. - Subjects were grouped according to ‘high,
medlum, and low ability derived by . comb1n1ng IQ, grade point average

<. - (GPA),. anh science grades. ngh~ability éubjects made proportlonately

‘theé fewest mlstakes, ‘in ‘contrast ‘to,other ‘groups,’ their mistakes were
errors of nonresponse rather- than incorrect responses. Several pexrson~
ality character1st1c3'such as achievement need were also measured, u51ng

" the Edwards Personal Preférence Schedule and Gordon Personal Inventq;x,

; responses per frame..

factors (Cautiousness; Original Thinking, Personal ﬁelations, Vigor).
These. factors wer e pos1t1vely correlated with the‘number of correct

Additional Factors. Other research has/indicated that course’ com-

methods (Chrisman, 1970). , Some researchers believe that PI is ideally
suited for the application of learning theory principles. For example,
Skypek (1971) determined, two methods for teaching new words: Phase One,
which maximized acquisition; and Phase Two, which maximized retention.
These methﬁgs could easily be programed without losing continuity of
presentation. . Skypek's research reflects the synergistic relationship,

between'learning theory research'and‘CAI program development today.

QO
(&)

_pletion time for Pl is significantly less than that for more traditional
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‘; : layed retentlon studies have . not necessarzly shown that’ PI is more
“effective than other modes. Garrard (1969) manipulated PI,- TI, and f1lm

““whemn present1ng“mater1a1 “to -nursing- students.' A muitiple-ch01ce test
showed PI significantly better at lmmedlate testing but ‘evidenced no.

v s1gnificant d:.fference\s at deIayed testing. :

o ¢ T ~ ’ L . Lo R
_ Little if any research exists that directly addresses the instruc-
. tional effectiveness of graphics.An CAI.- Research that contrasts CAI .'
with' othér media or other techni éies (in order to evaluate graphlc effecr
‘tiveness) must-be considered wit cautlon. The apparent advantages of
advanced audlov1suar technology may be due as much to the inherent in-
structional design requirements as to’ graphlc capabilltles. ' -

- . a -

P - ~ ‘WHERE DO WE GO? L

-

Two maJor conclusions can be drawn from the résearch revi#w. First,
it is clear that the addition of graphic instructlonal materjal does not
guarantee an increase_in instructional effectlveness. 'Although th1s point

" . appears obvious, such an assumption underlies the bulk, of the research

reported and’is responsible for-a number of theor1es or propogitions re-

. garding selection of the "best" media and the d§91gn of displays for the

presentation of graphic materials’ Thi's same assumption may account for

the paucity of research dlrectly addre551ng the area of interactive com- ,
<

puter graphics.. o . . xY‘ -

S .

.

- The second.ma]or conqlus1on is that although there apparently.are -
condit;pns in which graphics may be an important adjunct to the instruc--
tional process,: there is cu:rently no* systematic meahs of identifying
these c0nditions. "This situatlon exists because deflnltlonal and method=-
ological differences make it difficdlt to do a cross~comparative analys1s
of research flndings. Hence, the first gtep for future research in this
area is to develqp a framewor} that can assist in better structuring of

‘ | R SRR O T
the Definitional Problem - - - o : . -

Although the term "display" includes any.method for présenting ‘in-
formation (Kidd, 1962; McCormick, 1970), the emphasis on graphics re=-
stricts this term to visual dlsplays. Unfortunater, the term "graphics"
itself is not clearly defined. For distingu1sh1ng different presentation
modes, . however, certain categorles emerge rather cons1stently.d

At a minimum; a distinction"fs made between alphanumeric and other
forms of information’ presentation (McCormick, 1970; Nawrockl, 1973)."’
Alphanumeric’ presentations are those restricted to the +use of character
sets with a direct referent,to 11ngu1stic 1nformatlon.- In addltlon,

‘ - . »
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most human factors discussions of visual . formation distinguish
several forms of nonalphanumeric informatidn, i.e., graphic info
(Colson, Freeman, Mathews, & Stettler, 1974; Hitt, Schutz, Chris
Ray , & Coffey, 19617 saul, 1954).+ In gener 1 these distinction
into three clusters: ‘special’ symbols with reﬁesignated referen
and charts indicating spatialftemporal relatliionships; and depict
objectslor events via representations with v yingudegrees'df fi

Ay

A ciuster derived by factor analeis, based on cognitive ab.
‘pears as part of : Guilford's '(1967) structure of intellect model.
* proposed a semantic, symbolic, and figural categorization scheme
formation presentation. Hence, Guilford's model supports hoth al
.+~ numeri-wc, (semantrc) and at’ least a dichotomouf graph;c (symbol an«
Q.stinction- L e - ) ) o
. . - 1 ' o ' - .. .
gased on the preceding discussion, the authors pro pse the
categorization scheme for v1sua1 presentations-__f - Eg* :
‘\ 1. Alphanumerdc-hthe presentation of information via a set
. characteks. with direct lihguistic' referents, mutually ac
e ) upon by a language community% and-

2

I

2. Graphics--nonalphanumeric 1nformation pzesentation, to j

a. Symbolit--character sets in whic each character hae
. .predesignated;, but nonlinguistlc teferent .to. a spec

\ob]ect oy cohcept,' - : Y.
- q{ : ’ ¢ bt

el

"be- Schematic--two-dimensional line representations,of £
7 or . temporai relatrfnships, and a mj_
¢ : Co Pictorial--repre entation of ©Objectsg or eyents, to i
: . their relationshyips, but with the’ representation hav
v . “some degree of f'delity to the phy51ca1 characterist
DR these objects o

»
.
A

These definitions are'suggested as an“initial step toward pt
a baseline for future research and minimizing problems in semanti
mittedly there is room for refinement of these definitions,'and c
many vis?a displays ‘will combine features characteristic of more
one catego However, the evidence cited previously suggests th
four-catggory scheme is a reasonable compromise between several a
tives. 1In any case, reseatch.would benefit from explicit definit
terms such as graphics and visuals.: - :

.
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g . R . - . .

Research Framework J'*" IR ;x L

»

" Research. on instructioﬁal graphics should , take into’ account the: - -
three majoxr’ variables identified in this report: Task, Content, -and

'Individual Differences., In terms of Task and Content, a number of

taxonomies exist, albeit on a descriptive level. A promising taxonomy
that combines features derived. ﬁﬁ@m previous efforts is that of Merrill -

" and Boutwell (1973). e - _ _ ‘ "

“ Merrill’ and Boutwell developeg a taxonomy which considers both the
content and ‘task (behavior) dimensions (Figure 2). It is likely that K
number of ambigquitiés in the area:of instructional graphics would be
clarified by adopting this taxonomy.as a means for comparative analysis
of future research results.- . ¢ v _

"The most promising approach to determining the influenc of indi- ,

' Jvidual differences is the Aptitude by Treatment Interaction “(ATI) design.
- Those population characteristics which appear ‘to have potential. predic-

tive value® have bean discussed in the ATI section of this review. Oth

“eritical characteristics ‘remain to be determined, and: experimentation
- . that correlates a number of - aptitude measures to the dependent variables

will’ he necessary prior to true ARI experimentation.

70

Finally. ‘the dependent measures chosen should be ‘as inclusive as

.vpossible. ‘The realism research'indicates that 6verall performance will
. be difficult to interpret if visual and verbal ,task components have not

been isolated. Moreover, fthe same research suggests that delayed ‘reten-
tion measures may reduct or eliminate effects obtained using ‘measures P
of immediate retention. A systematic research pgpgram is underway with-

,in ARI, based on the fr ework described.
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. Higher Order | ' . : Yo .| Problem
* Rule Using ol ' o _ ' Solving
. i . ° . . ) ' . ’
‘ ; , -
‘ P
. . . . - ' X )
) Rule Using" . . ' Analysis Component
. o : - : ' ‘Rule Using
. - e
C;assifiéation' , - Classification | Stimulus Set | Response
. . o ) and/or
Tt ' - , . Stimulus Set
Discriminated | Discrete - Definition | ~Rule Higher Rule
‘ Recall . Memory - ‘ o
- . Paired - ' Concept - Principle’ . Problem
Associate ' B v co -
' Content Diménsion , /
-— é . B “ .
3
Figurelﬁr‘ Task by Content taxonomy _
(adapted from Merrill and Boutwell, 1973). . ) -
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