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Visual Attention to Picture and'WD[gwMage(ieﬁemes_;g*luenged py
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"Characteriétics of the’'Learners and Design.of the Materials.

- ~ -

. R . ‘ . .
T . o €

Purpose. The long ranfie 9591 of thié/progrém of researchoie to
impfove the match.between the design of instructional materials

.- . ) : 4 . ,' .
and the characteristics of lzerners. Particular attention ' is on

the cogn?tiye strategies which 5kii1ed learners employ in.fhe'

sthdyvpf materiale combining words and pictures. . | . /’ )

Theoretical iﬁtereet centers on the fact that.récent

.

research on verbal -and imaginel processing Sﬁggests tHat words

L‘

and p1cture5 are cognltlvely d1Qparate. requnrlng d1fferent P1nds

-

" and .amounts of processing. This 1mp11e5 potent1a1 cogn1t1ve

problems where words and pictures are mixed indiscriminately in
L . . N

NN R

instructional materials. _— v - .

. : . v ' . o
What follows was an exploratory study of how skilled

learners cope‘with materials combining words and pictures, e.g..’

-

. - .

textbooks,

i -}
Baché}ound. This study was dene in a framework Df cognlk\ye

theory. It spec1f1ca11y examined the eye movements of learners:

study1ng print materlals comb1n1ng teyt and 1i1ustrat1ons.f The
eye —movement patterns—were seen as useful ;nd1cators of the
cogn1t1ve strategies employed. (There is ample precedent for
this 1nterpretat10n of eye—movement data.we [ P Snow. 1968"Ju5t

and Carpenter, 19803 Farnham-Diggery and. Gregg. 197u) Strateg1es

were inferred from the:fifﬁeﬁential duration a£¥attenglon tD word

- N P . - : . . .
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“and pioture areas and from the numbers ano/patterns of

transitions-between areéas. S
~xs )
The writer ascribes to a constructivist model of reading,’
where'reading comprehension involves the reader”s search for

-

me;wlng from the author’ s words as well as h1s d1agrams. graphs.;
plctures, etc. Meaning is cons tructed by the reader both from -

what the material provides and what the reader provides from

his/her own world knowledge. The skilled (university-level)

“reader’s prior knowltdge inciudes strategieS'for studying and
- ‘.\
w
schema for 1nterpret1ng and rememberlng varlous L1nds of' L

materlals, 2.0.4 stor1es,-expos1tory text, research articles, -

. -
' C segenoe diagrams, pictorial scenes, etc.
. "
- Research to gdate on reading comprehension has;exemiged
. . : L]

primarfly the_words (prose learning)g to a iesser extenétthe'-

illustrations,ipictpre learning),.End rergiy_both inn?otereoiioo

(%extoook.learnino); This bofh.explafns toe preponerancejof s

, '_" prose learning conceotsﬁin wbat;follows ano 5mstifies the'currenE
study of strqteoies involving botﬁ texnt eno illustrationue

?Much has been-made of the differences between_ word ' : -

processing (Linear, digital, symbolic, left brain, visual and

.

audito;yvmodalities, learned skill) and picture processing

{eimul taneous) analogic, concrete. right brain, visual modality,
. i

,less learhing) _Clearly there ere processes specific to each.

but on a typlcal page comb1n1ng botb they must somehow be

‘1ntegrated. A macrostruq%ure (theme, gist) must be' constructed o
.- » , ‘ 0 ) : . ] 3

-Ehat\includes both. Apd@§ntly. these diverse-elements are
O i L b . : ’ ) C, -
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" materials it is apparent that words irr textbooks then prov1@e“

rcontext fer what fellows? The question of pegeflayout order,

= ) . <
. (3 \q.
integrated primarily at a higher semantic lev..
. . * ) - .. ) Te ' . . ".
‘Reading theories*differ in degree of emphasi:w 2 what

information is given in the text as cohpared ..» what is brought A

to it by the reader.. Those emphasizing meaning-:~—the-text are °
"remindful of the position of many aud10v1sua1 prmfess1ona1ﬂ. Lo
. i.e., ‘the meaning is in the med1um, espec1a11y the p;c%ures.

Eoth eMphesize'the given stimulus., whether word.or piefure. In ‘

contrgst the reading constructivist theories whith’emphasize the -

interaction of reader dharactenastncs. contewt. and'Qrint are. .

'rem1ndfu1 of the aptatude {or tralt) treatment 1nteract1on

» o

theorlsts 1ﬁ\1pstruct1ona1 developmentu Both emphas1ze the

. ‘ RS _ . . e o P
differengial Dutcemee from what"s given depending on the
leafner’s»priér kﬁowledﬁebkinterests, skills, etc.’ L ,.

The above suggests the two eets\of pertinent variables Whieh'

'fhis stuay inveetigated, p - what’s-giVen (desigﬁ variebies)ﬁ.
. ) ' . ) "\ ’ ’ L P .
and -what the learner brings .to it WIearnEr.variablesy. 'Dnefof G
\ ; S . :

the des1gn var1ab1e5 {what’s glven) often czteH 1n readnngﬂw

: ' '
comprehension research is context, i.e., the verbal centért on

the page. In the present analysis Df realworld 1nstruct1onal

S

~——

context for pictures, w©.Qg., interpretive captiqﬁe;Aand_hécture5 
. r 4 . :
often provide context for words, e.g., pictured examples of

concepts. = Often the intended relation between text and

ill&stra@ion eppears ambiguous. Where Dnefappears above ‘the .

-
’

other on a page, .do readers.assume'that the one provides a

- " 166 . “




" In thls study compﬂezlty was Dpeﬁat1ona11Led 1ﬁ\i:0 ways: grade

‘women tend to have hngher verbal 5L1115 (Llps and CDlwlll 1978)

longer Dverall study duration fD; women thari men. ; .'. s

- - . . .

.o s . : T ; R . (s .

i.e., which comes fi¥st, words or pictures, was examined in this
L4

., . )
study. , Different cognitive strategies ‘were expected fdr the two

page~layouts, WP and'éw, but the direction'of those differenceg

% . .

. o ‘

was not. predicted. . .
\ ) S AR

) ' ’ i o ',-4' “, ’ “ 4

Anotherwof the design variables common in‘%éadihg research

is complex1ty. wh1ch is often Dperatlonall ed-accordlng +to &
readability formula 1nvolv1gg word length or frequency@ sentence
length, etc. CDmplem1ty has also been variously DperataonallLed

. . ¢ .

in picture Studles by number Df,fagures. degree of reallsm. et:.

M .

level Df the materials and length of’ sentences.. t was pred:ctedf

_ “ 4
that cognitive strategids for complex materials would inqLude

lbnger étudy'durations gnd more transitions between areas than

for simple materials., . R . "

, : . : W
[} . . -
L)

CDmeP measures Df learner characteristics?in read1ng

5tud195 are prof1c1encywtests. Ea g,. vocabulary or . ST
N ﬁ :
¢

-

,comprehens1on. The present study u51ng graduate’ students assumed ,

hlgh reading and study 5&1115.' However , the sample was divided
hy == bacause 1t was hypothes1Led that word/p1cture study.

=trategles of maleg and females might differ. The ev1dence that o'

-9

i
as well as hlgher grades in qeneral (Maccoby and JacL11n._1974)

was the basis for pred1ct10ns ofagreater attent;on to words and

«
M .

Another 1earner characterlstzc stud:ed here was cogn1t1ve \;

styléi Specifically eliﬁﬁ?pendence—fleld 1ndhxéndence. The

e - : %
. - N - - :

. '7' TR 31‘3i ,_._,i‘fuj 6:]f  , 7:_ T fj QvQ:




deViate from (be'kndependent_of);the given-patternz'

reading comprehen51on. in the present study ar attempt was made

areas than would less knowledgeable learners. . ‘

-‘ " . )
eyudence that f;eld dependents tend Lm.be merg global and field

-

,1ndependents moﬂe analyt1cag (W1tk1n. et al, 1974) led to the v

-

pred1ct1on that global field dependentsdpbuld follow (be

N

dependentfonsgthe given pattern of,1n£ermatlon on the pagey

o

whereas the mere analytitalAfield independents would tenqﬁto )

. f ho)

- Voot e "
. .
.

Woritd knowiedge fs considered to be an impartant factor-in

to est1mate the prlor Pnowledge of the learners about the subJect
N .

"' matter, biologlcal §g1ence. It was predacted that the morel:

[

/ - .
fnowledgeabﬂe learners would have study strategaes whlch were

shorter in durat1on and which involved fewer trans1t1onsa%etween
.
. . '{\‘ . .
Procedure. A convenience sample of 24 students was selected from
a graduaté classiin Education euch~that half were males and half "
. @s ' e - .'. ' ) . N
females. Half of each se» grouping were randomly assigned tor each
& R P

> , L. .. «
[} . .

‘pf two; page—layout treatments. ' e S

’ -~ . N
The design variables were compleVity at two levels, simple

V.S. complex. and page layout at two’levels. p1cture .1rst ana

then words (PW) V. s. words flrst then‘b1cture (WP). See Fig. 1

for an example of a PN layout. . The 51mple material was ?rom an ’,

8th grade tex t. while ®he complex was from a: 5c1ent1f1c research - x

bournal. They conta1ned comparable numbers of’words. but .

:Sentences.in‘the.complex'materialvaveraged about twice_as: long.

The learner variables were sex, cogqitithstxle (field

. . . N e . : .. e
oy - 168 - | L
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fin 2  The range of hearing in ficld crivkets. The frequency line is draws l-qraillm&any. from zern Hertz

(1521, through the inffasound and termiuating in,the ultrassund a1 100000 Ha (1

sinsuli ase detected by the crisket's cerci. and hig

tHz). Low frequency

frequencies are’ detected biv its tympanal organ oy “ear.” .

Bebow the frequency linz are drawn sypical sources of sound chas fall wishin the crickets mﬁ of audition;

tesvestrial predators sech as frogs produce low frequency vibrations, crickets produce

vibsations, and flying tats produce uliraiound.

RecoGNZING PHERATORS v EAR:
' Tue v s THE StnTeH
In its world a ericket kears nat only athe’

er crickets, it hears potential - predators,
~ Crickets are sensitive to a' surprismgly wide
range of frequencies; in fart. the frequen.
~ ¢y band devated to social communication:

is only 2 narrow one considered in light of
the insect’s auditory capabilities:! Figure 2
shows a frequency range from zero Hz to

. 100,000 Hz—{rom ,jnfrasound to ultra-.

saund. Crickets are-sensitive over a goud
part of this range: compare this with the
auditory sensitivity of humans, which spans

"a range of 50 Hz 10 15,000 Hz.

Figure-SA-C shuws diagrains taken from

* photagraphs of flying crickets sezpondin

10 acoustie stimuli. In the absence of suun
a cricket flies with a symmetrical flight pos-

.ture, with igglungitudinal body axis per.
t. \When a series ‘of sound |
pulses consistinng of pure 5 kHz tones i

fealy straig

played from a spedker on the cricket's lef |
the incect bends its alxlomen and legs 0

;the lef:, 3 rudder-like action that would - $e7 ity at. _
propei the insect toward the speaker, were 1 @gyund area of sepsitivity occur$ in the ul- -

+he insect not tethéred: However, when the

RIC BESTCOPY.AVALABLE . F\&. |

IToxt Provided by ERI
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le frequency

—

-

sound pulses are compused of 40 kHz

- /tones, the cricket’'s ahdumen and legs

abrupily veer to the right: in free-Right this
weould propel the cricket away from the

sound source. Thus, 5 kHzmes clicit rosn
cHz

kive phonatactic movements and 40
canse negative phonotictic movemenys.

“The sign-of the movenents makes behave
“joral sense: 5 kHz is the carrier of fre-
quency of the clling song of Teleugryllus

oceanicus; female crickets are autracted to

_sunic range and occurs in the vocalizations

this frequency. Forty kHz is in the 3}:'1'3-. |
produced by insectivorous bais (Griffin, .

1974); crickeis anempting 10 escape from

. echolucating bats wauld be expected to

react 10 40 kHz aversively. ™ =
- The frequency sensitivity of steering be-

-hi vior can be ascertgined by examining a

I shavioral imning curve (Fig. 3D) made by
measuring:the threshald-sound intensities

required to elicit a phonotictic response as |

a function of the wne frequency. 7. oceun-
i is most res
4-6 kHaz, with peak sensitivity at 5 kHaz: a

trasound, from 22-100 kHz.

LN

sive to tones in the range.
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'f_. dependént/fieid independent),, and prior knowledge. - T o . .
AN . . S ‘ e . “_a“ . :.

'The/dgpendent vaﬁfable;was visual. attention as indigated by

. | - : I L
L eye-movemgnt data, specifically the amount of time spent
I' . . . , . -
. T attending to each area ¢f the materials (duration) the number of
e .o S -y - |
. shifts between areas (transif@éns); and the pattern of - . L
~ - - o ‘

transitions (sequences). . - : : -

-

Sdbjects‘wene instrudted td.stpdy the material' as though it~

>

had been a551gned for them to understand and\remember. THey were i

then fitted wlth head-mounted eye—mdvement detéct1ng equlpment

-

{NAC Eyemark IV). -They were. allowed as much time as.needed_tb

‘ . study the materials. -_.5.‘ ’ e - 3
| o | / / : : ﬁ .
? . Subjects then completed a br1ef quest10nna1re concern:ng the
- 7, S, . ) L
. ) relat1ve +am111ar1ty and d1ff1cu1ty Df the materlals and the B

\
.

\.
number of related coursesf(bldldgy) which they had taLen. They

~

then took a cqgn1t1ve style test, the GEFT (Group Embedded
‘¢ o ' o / . o _ .
Figdree Test). , " ) .

. - N L ./ -‘ o . Yy ! ta

. o v

Raw data record% consisted of v1deotape recerd1ngs shdw1ng

~

the st1mu1u5na subJect was study1ng plus a iuperlmpdsed marPer _ »
.which indicated Just phere ‘on the stimulus theﬁsubJect’was, )
- e o P . < o~ 4 . —
l1ooking at:anylmbment.'LTh% four. pages of’etigdii‘were}divided
intd éO eignificant areas;j;:e.. either;figdree'in the ﬁictbresi
. L ﬂ'_._ - et o -

i~ b

&

or qapt1dns and pahagraphs in the te +. ‘Read out, frbm.the”

s v1deetape recorde WErerthe duratlpn bf attentlon tD each area and

"o - -
—— - , -t 1 : ~

the number and sequence Df tran51t10ns between areas. Twenty of

v the 24,redbrd5 were usa le.' T Lo  ;.', L




. - . - ' . ’ ) ~. . ¢ . * .
. N . - 7 . . b
. .
‘e . : . ) ) . b
A} ‘_ . . , B - . . .

..
’ - . .
. . .

Results:Overall. A I-way ANDYA of the effetts of ‘Sex and-Layout

. . . . : e . " . .
tindependent measures) and Complexity (repeated‘measure) on total

_trans1t1ons revealed the predlcted 51gnf1cant main effect for

-
rss

‘complexlty, p4.001, but no effect fDr sex or layeut. quJects'fﬁ
made more transitioms'ip studying the'cempiex material than the\
N B ‘ v . AN

' sifnple. : S o e T
‘ . y ) . . b .

- . : . s
- .

‘ nna1y515 of the effects.on totel durat1on revealed_l‘\-;,ﬂ

significant differencesfﬂas expected, for both_segw pa.004 aﬁd
com lexity; p<.001lr Females attended ionger Dverall tD the siudy
materials than did gales. °All ‘subjects studied the comples .

¢ : . . ] o . ~
materials, more than the simple. ; . '

) o There was no m?in effect for layout (PW v.s. WF) nor for,

~ . prior knowledge. Analyses of the'data‘relative'to_famiii}}ityeof

the content as well as number of biology ;Durses teken‘revealed
. .no significant relatienshipé'to'cognifive'stretegy; A ’ .&f
. )%here ‘was ® 51gn1f1cant positive correlatlpn between_ : ‘f
. . \ g o
cognitive style (BEFT) and numner of trans1t1ens.fer cmmplex :
" materials only (Spéarman’ p<.034. Kendall p<.037). 8o, a median

split was made of the subjects by GEFT score and two,groupsn
: ' . . . v T N

'Av?ermed, higher sconers {(Field Indebenﬂents) and ldwer scorers

w

*

(F1e]d\Dependents). An ANOVA revealed a 51gn1f1cant two—way

-

. A1nteract1on between cogx1t1ve style and tDmpler1ty. \.0005 for

tran51t1on5. Wh11e subJedee of both cogn1t1ve/st7Te5 made more -

trans1t1ons on compler mater1als than on s1mp1e. the fleld
] e 4
1ndependents made a larger adjustment tp complex1ty. i.e. they
- .

mad relat1ve1y fewer tiaaf1t10ns for the 51mp1e and relathely "

’ A . ‘ . .
Q ) ' ] . P — . - P : K _ ,




/) , ..' .
’ . oot : L S . ) PN )\
.'./ - : ’ et Y . ) . v .."'. . . "o ) . Y .
oo G = :

., more transitions for. the complex materials tiran did the field

v o o S .l ' o I - 1 .

' ‘dependents.. See Fig. 2..:

B ‘-. \._.' R _. ;' . ‘.‘ . k.n. ‘.
. .o . : 4 »,' . . . . >

S ReSuifs:Canlex,Métefiai.ffﬂeeause subjecﬁsfyetrategies seemed‘v

[ . . : .o .o . LN v

"mDSE‘ihf1U95CEd.nytﬁe cdmplexify-fecibr} ftvwas-decided to ¢

-
bt

. analyze-the neet comples page further. A's—way ANDVA. Page‘

.

. _Layout by 59h by'Sequence. revealed a 51gn1ficant main effect fbr'

: fn;:bsequence,‘pa.Uq.‘ There'wete;-of cogrse,_more trans1t10ns 1n the
./T. given sequence thp dbwn) Xhanhin the reyersed." However. there
was,a.signifitant 2~way 1nb;ract1bn between sex and sequence,

. . : 4 1 .

p{.Gf_ the - females favorlng the given order. and the males the

FevErSed.. ThlS was further mod1fleb by a »—way 1nteréﬁt1nn
involving page lay0ut.‘wh1ch revealed that the tendency for males'

c

to maie more- reverse Drder trans:t1bns was 11m1ted to the. WF

. : . S e
11aybut condltgbn (words f1r5t then p1cture5). ESee_Fig. 3.,

St . . [

' The abDve 1nteract10n5 Suggest a. very 1ntere5t1ng

p0551b111ty. Assume that .a compat1b1e match Df cogn1t1ve

. B Y

strategy and page layouf wbuld show up as a largely btra1ght

2

thrrough ftbp dbwn) attentlon sequence.‘l.e.. a mlnlmum,number of

<& ,F

-trans1t1bn5 and mbst of these 1n the g1ven order. It fOIIDWS,.

% Tacnbrdlng tq-th15 assumpt1on. that the mbst compat1b1e layout fbr
.males was Qp and for females WP. See F1g1 3 fDr the curves w1th»

a lbw bverall number of tran51t1on5 .and w1th mnre 1n the glven
. SO - T , . s

thah reversed Drder,

K

A fqrxher anaiyeie Was_made_bf attention-babterns to the
fi@evpictbriel-areie; t@o relafed verbal éreae,.end one captibn

a
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_associated with learher strategies.

(3]

area on the comple page. A ”—way ANCIW%.l Sex by Layout, revealed
no dlfferences in attent1on to plcture areas but a 51gn1f1canv/

difference Ln attent1on to verbal areas, pa.Uu.. AS pred1cted,

. women made more transitions tD verbal areas and maintained {

{
attentipn there longey than males. For the captxon area there

was -a significant effect for layout there be1ng more’ trans;tlons

o \
to the caption, pa.oi. and longer durat1on5 on thF capt1on.
pL .05, fDr the PN layeut than for the WP layout. JTh1s is

understandable because the PW layout put the eapt’on\in the

middlie of the page where it was more noticeable,: herees the_NP 

’

layout put it at the bottom. . -

v Lo -

Ariother analysis of the complex page, Cognltlwe Style by

Layout, revealed no differences for the verbal areas but

\

. - : \ i . - .
significant differences for pictorial areas, <. 05 for -durations

and p<.01 for transitions. Field indepehdents looked'longer and

more often at picture areas on the CDmpleQ page than did field

/ - : ' |
qependents.' This was’'not predicted. A : o
j _ .

I . ,

Conclusions. Of the design variables, the complexity factor was
1 - o ) _ :
ilearly-the most determinative Df'learngr strategy. 0f the
- . :
learner variebles; prior knowledge had no effect on strategy.

Perhaps'the measures of prrior knqwledge were inadequate. The

!

other learner variables, cognitive style‘ana sex, were reliably.

L ) : - - : S
These main effects and interactions with cognitive.stylegind

sex were largely as pEFd1cted from prior research‘end theory.

SRR L N L
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Howe»er. there were_=ome surprzses. 2. g..'thE'éffect of cognitive

'sfyle on strategy adaptatlod to 1n5truct10na1 mater1a1

AN

complexity, and the efﬁect of sex on strategles for sequencxng

attention fo words and. pictures. e
. . J ’ R i -
: C /. ' Lo
Clearly, more such studies are needed to confirm or
. ! 33. . o

disconfirm these conclusionsf However ., the results do suggest

~ ~

that the design of science materials for gfaduate students may
) . : » _ , p . v 4

&

N

. 3 . .
‘need to take account of two,learner variables, ses and cognitiwve

style, and two design-variables, gomplexity and pictﬁ?e—wdrd

-
-

layout.

) N
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