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ABSTRACT [\ .
A STUDY OF THE EFFECTIVENESS OF PICTORIAL ILLUSTRATIONS
"ON RECALLING FROM TEXTUAL AND.ORAL PROSE_

\

—  Renato'V. Sobrevinas

Black and whi‘te, shaded pictorial illustrations and the facilitative
effe;cfi they may have on learning from textual and oral prose was inves-
tigated to determine if they promote Yong-term recall. The difference
between pictorially-augmented and non pii:toria]ly—’augmented par"agraphs'
was also examined to see how illustrations interact with two typés‘of ver-
bal informéxtion. Subjects of the study were 80 undergraduates lenro.ﬂed
" in infroduc}ory ‘bioTogy. They were randomly assigned to f':)ur groups : pr‘int-
alone, print plus&pictur;e, audio alone, and audio plus picture. Subjects
were asked to complete the Nelson-Denny Reading Test, and to participate
in the prose learning task in one of the four g};ups. An immediate post-

test was administered followed by a delayed test a week later.

Regression analysis indicated that reading ability is a significant

. N
pr‘edici“,or of subject's performance on the multiple-choice and free, recall -~

tests at both immediate and deiayed tests. Thus, the Nelson-Denny Tést .was
used as a covariate in the subsequentfana]yses. Repeated measures analysis
of variance disclosed a si;nﬁic\ant main effect for testing time and a n;ar-
,ginal three-way'inter,action of time, presentation mode and picture condition.
A comparison of the méan scores of thetpicture item group éand the no pic-
ture item érou;; on the delayed multiple-choice test indicated that subjects
in the picture ;?m grbup diminished b; a lesser percéntage on picture items,
compared with the subjects in the no picture item group. The difference in

scores 'suggested that pictures provide support for both prose types.
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"« . CHAPTER I . S

INTRODUCTION ' .
. i _

s s ~ . . fa
’

A §Eeat\dea1lof the formal know]edge~fhat é person accumulates
in his lifetime is abquired from readihghor listening to verbal infor-
mation (Ebel, 1965; Meyer, 1977). For this reason,~f{nding optimal
sérategies tﬁrdugh whicﬁ to present C]assroom’and individualized
inétruc%idh coptfﬁues to challenge educators involved in the désign
of instructio%a1~materi;1s. This concern runs parallel to many a
school,s principal educationé] éoal, which is to help students develop
the effective ab%]ipy to acqufne-information from their readiﬁg aﬁd
listening. Because ;ﬁg visual and auditory (reading and listening)

i
modes of information pr@sentation are still.prevalent forms of

" communication in the classroom ( Gagne & Briggs, 19745 the search

for preferred strategies continues to be a focus of research in

in§truptiona] technology. -

Before the middle part of the fiftigs, which marked the
acJeptance of wﬂat is now called ;ydﬁovisuél ins;ruction as a regular:
and‘légitimate part of classroom instruction, it was common practicé
to present the material to students either in the visual format

[

(i.e. in print form) or in an aural mode (i.e. in lecture form).
The intreduction and use of audiovisuals - pictures, films, audio-
tapes, slides, etc. - into the educational milieu resul ted in the

diversification of thg modes of instructional presentation. It also

brought about differing arguments’among educators on the.possibilities ’

} - - L]
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of incorporati ng'n these medifa into the educational situati on,
" One of 'the major questions'of interest to instructional

des1gners and educatwna'l media researchers concerns the representatwn

of 1nformat1on m various symbohc forms. and its mteractwn wi th t@

x

modes of transm1.551on prevmus]y- ment1oned (Sa]omon, 1979}.

Two Forms of Symbolic Representation R

Levie (1978) makes a clear d1st1 nction between Jwo forms of
symb611c repﬁesentatwn (see Figure 1). Levie l;SES the terms d:gltal
and iconic to describe the: categories of symbols which incl’u_de words

. (verbal information) and pittures, r‘;espeetivew. Hereafter, }th‘e
1vatter term will be u'sed. Digital representation or digital symboi
systems~are those uan"ch contain individual ellernents which are arbitrari]y
concewed referents forj realistic experience. Language falls. into this
acategory because words and the linquistic structures which methem
together (i.e. syntax) are agreed ‘upon by convention and aresi*thereby v
not isomorphic‘al'Hy.related to reaHs_tic experience, For ‘thiﬂs reason,
a person must learn ora‘ilflanguac:;e first, with skilled reading usually
requiring many _years of formal instruction and practice. On thel other
hand, ‘iconi.c signs are so designated because "of their structural
iso'morphism with realistic experience. A picture,‘as' an example, |
depicts what~1't represents Therefore, for a person who"has experience
with the referent, p1ctures provxde 1nformat10n in a form which is v
.eas1er to assimilate than-its verbal counterparts ‘
‘ Verbal and p1ctor1a] communications are a]so d1fferent in ternis
of the wa_y 1n wh1::h they convey information. Accordm}g'qto Salomon
4’1979) verbal information describes what it representsp, ihereby pointing

explicitly to the 'important features of the refereant (Referent here
) 4 e :
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Figure 1. Symbolic and Sensory modalities

Note. From "“A Prqspecfuéﬂfq? Instructional

LI

L}

Research on Visual Literacy"by W.H. Levie, ECTJ,
1978, 26, 25-36. . -
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means anything which is being represented, not just a physical thing).

Pictures,’on the other hand, depict what théi represent. In doing so

they provide less information as to .the specific and important features

of the referent. L \\§

N

W . °

Verba] and Pictorial Information Forms

Teere are, of course, exceptions ‘to this (e.g. a caricature

which dramatizes important elements through exagge}ation), but N

generally speaking, pictures leave interpretation and the extraction
' 4

" of meaning to the perceiVer.‘_From this analysis, it is not difficult

to see why verbal and pictorial ip*ormation forms are conceived by

. many to be a perfect complement to one another. The verbal form,

through description, specifies pertinent elements in the content to
be d1scr1m1néted while pictures provide a range of/;oss1ble discrim-
inations which may be easily assimilated. In instructional pictures
(i.e. illustrations anq diagrams) the specificity may be further )
enhanced byvthe use of verbal labels, arrbws and other cuing devices.
As previously mentioned, verbal information can exist in two
presentationa{ forms; as print, which is perceived visually, and as
spoken words which are perceived quditari]&. There are differences
in tﬁe way in?ormatipn received through these channels is perceived
and-proceséed (Hochberg; 1978). From an instructional point of viéw,
the major d1ffer@nce appears to relate to the fixed nature of aud1tory

perception and the var1ab1e nature of v1sua1 perception (F]em1ng &

" Levie, 1978).

In the case of many ]ectures, and most audiovisual treatments,
aurally presented 'verbal information flows at a rate which is indepen-

dent of'the learner,. That i§, the listener does not control the rate
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of pregeﬁtation. By contrast, visually presented verbal ivfo%mation
" (i.e. textbooks) can be processed. The difference in 1eafner'pontro]
maywpartially account for the general sentimeﬁt that the lecture method
fs an ineffective means of tr%%smitgjng information (Corey, 1934; Ross,
Note 1). g

The use of Eictures and other ;igua[1y presented iconic infor-

mation during' lectuyres has been suégesfed (Broadwell, 1980 Dwyer,
1968) as a way of producing increased learfiing and retention. In fact,
this is the general sentiment underlying the use of audiovisual

materials. Research tends to support—this view. Levin and Lesgold

e

(1978) report consistent learning and retention'gains in studies with
pictures where the prose informstion was presented aurally rather than
visually. However, all of the studies cited by Levin and Lesgold
used children as subjects who were presented with fictional narrative
prose. As a result, the authors question whether these findirgs wou]d’
generalize to adult subjects in instructional settings.

Simi]ar agreement has. not been reached\:egarding the use of
pictures in textbooks and other instructional prose applications.
Both Brody (1981) and Duchastel (1980) point to the lack of uniformity
in terms of both purpose and findinés in studies testing picture-
textual variables. So many studies have reported such contradictory
results that it is impossible to determine at this point in time whether
pictures in textbooks enhance the learning process at all. A poésib]e
reason for this 1s‘tgat the typical study has tended to treat the tex% ‘
and the pictures as wholesz‘with'lit£1e regard for the interaction of
}nfofmation within the text as the learner proceeds through it. For

both design-.and theoretical purposes, it would be important to know

how placing a picture in a particular p]acg_effects the verbal

» ’
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information §urrounding it. Duchastel (i981) pérformed;an interesting
séudy which represents a step toward this goal, but the findinés were
generally inconclusive. A similJr methodology applied to Eu?a] presen-
tation with and without pictures might shed light upon the discrepancies
which seem so apparent in the ]iterature?

‘[n'summary, an examination of related investigation discloses
that there have been few se}ioqs attempts to investigate the rélation-
ship Petween pictures and learning from instructionat texts and lectures
for adults. Furthermore, although many separate modality studies
(i.e. textual and auditory)‘have been performed, qnly a few have -
addressedbthe two concurrently.\\Research on audio presentation has
generally foéused on the 1earnin§\of children. The outcome of %his
siate of affairs is that instructional designers for university students
refer to techniques and %aterials extracted from studies conducted
on younger learners. Research has also shown that children and adults
process textual or pictorial information differentiy (e.g Brown &

Smiley, 1978; Levin & Lesgold, 1978; Hai]é, Note 2), and that there

is still inconclusive support for generalizing picture studies involving

children to include~adults. It is therefore necessary for those

involved in instructional design to focus on the way adults Tearn from

prose and pictures, and from verbal information and pictures.

Statement of the Problem

The present study was organized to compare the differential
performance of;édult\1earners from two Rresentation modes, textual
and auditory, both with and without pictorial accoﬁpaniments. Another
major purpose of the study was to attemht to determine the relative

effects of pictures on pictured and non-pictured segments of the prose
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passage. Since it is unusual for an entire passage to be illustrated,
' !

. as in the case of a comic book, it is useful to know how fhe:pihcement
of a pii}ure at a particulaf point effects the other non-piétured’grose'
around it. In this respect, the current sthdy represents an inftial
attempt to analyze the organization qspects of textual and audiforiai]y

presented prose.
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s
\ Review of the Literature
{
Fantions of Pictures in Prose
\ - A number of earlier reviews of studjes on illustrations

(Brody, 1981; Duchastel, 1980) have pointed tz the confusinq array

of issues wﬁich gbmp]icate this research area and make gené?a]ization\
among studies very difficult. Duchastel believes this confusion is,
in part, due to the failure to determine c]ear]y whaf function the
picture is designed to perfom. He states that there|are three general
functions; motivational, explicative and retentional. -

A

'Pictures included in text for motivational purposes are

supposed to generate an interest in reading the text in the learner.

Usually they are of a gEnera] nature (i.e. not related to specific
téxtual elements), are relatively realistic, and are intended to .
present a striking contrast to the printed page. Often cartoons are
used to spur intefest in the prose materials. Thig function might
also inciude images in written prose used to break up the visual
monotony of - the printed page.

Reiterative images are those used because the& explain a
concept or re]a;jonship pictorially which is difficult to explain
verbally. Holliday (1976). found that the water cyc]é was best presented
in pictorial form because the concepts'had a decidedly spatial element
to them. The prose decription of the same information was 18ng and
laborious.

Retentional images are included in prose material to make the

prose more'memorab]e. Presumably, if one can recall the picture, then




there is a better chaqﬁé’of‘recalling the constellation of prose

~————

associated wimﬁ it. The next section in this review deals with types
|

of retention%] images in a deeper way.

In 7hother effort to define the functional relationship of
bictures used in textual material, Levin (Note 3) proposed a similar
drouping of eight functions. To date, the categories remain hypotheti-
ca]_pecausé little résearch has been done td warrant final statements
about the additive and interactive effects. Four of the proposed
hypothetical functions of pictures and prose constitute a more_serious
attempt to determine the instructional effectiveness of pictures and
i1lustrations. They are the fepresentation, organization, interpre-
tation and the transformation functions. Levin, however, notes that
a picture'§ function may not be easily classified accordﬁng'to certain
catiegor’ies.1 . Instead, he €hooses the view that it is the many aspects
of .the pictures that make for improved prose learning. \

The current study was designed to test the }etentional function
of pic%uré prose combinations in t@o transmission modes; written and

auditory. According to Duchastel (1978) a retentional illustration

¢

should not present unique 1nformation; as s the case with an explicative
image, but should in some &ay represent the semahtic®structure of the
prose in pictorial terms. b . .

The 1iterature on textual (written) prose with pictureg provideé ‘
evidence of two distinctly different retgntiona] strategies. The first'
is referred to as'the contextual §mage’s£rategyu The second is called

o

the reiterative image strategy. Both are discussed in the next section.

Pigtures and Written Prose

\ Contextual Retentional Pictures. There is some documentation
\ . : N

1 E

\ : :

\

\
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that pictures emp]oyed as organizational adjunct aids may supp]y the
ledrner with a framework withim which to understand written prose
r)

(Ausubel; 1963; Ruch & Levin, 1977).° 'This 1nterpretat1on is close]y
related to schema theory (Bartlett, 1932), which holds that the central,
meanfng of a passage is stored in schematic fqrm and that recall is

Y

achieved by a process of reconstruct1on on wh1cﬁ rest the "basic )
building blocks of the human information system "(p 111). This

system is theorized to be. a prerequisite to understanding verba$~'
information, since comprehension depends on a reader's activation of

a schema, or.conceptual framework, to make the referents of the passage
combrehensib]e (Reder, 1980). Thus Rumelhart and Ortony (1977) pointed
out that a passage can be understood by "sett1ing upon a configuration
of schemata and their variable bindings, wh1ch appear to account for

as aspects of 1t“ (p. 115). The comprehens1on process creates a natura]
side effect, ca]lgd memory, or the interpretation that was given to the
input (passage reéd) as a result of the comptrehension process (Rumelhart
et. al., 1977?. Bransford and Johnson, (197%) and Bransford and
McCarrei (1975) reported that subfects'provid;d Qith a picture or title
in advance displayed superior comprehension of a textual passage they
were asked to read. Minus the picture or the title, the passages were
considered abstract and difficult to remember. Subjects failed to

make the pertinent c?nceptual structure work, within which to emqed new
information. “Consequently, the subjects did not grasp the passage
content: It is notable that iﬁ the Bransford and Johnson study both
picture conditions functioned differentﬁy. Samples supplied with
appropriate information before they heard the passage, demonst;ated
increased comprehension ratings ‘and recall scores as compared with

subjects who received the same information subsequent to the passage..
\
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The finding ¢f this study sugge;ts that difficult-to-understand
passages containing few schema activat%ng adjuncts were made m&re
comprehensible and thus, more memorable by the addition of a picture '
placed before the passage.

Another sgydy by Bernard, Petersen and Ally (1981) produced
similar results. i;fﬁﬁg'found that an image which provided an |
indication of the context of specific passage referents effectively
enduced better 1ong-term memory tﬁan a passage alone. Howevér, neither
of these sifuations represents the normal utilization of pictures in
prose. Usually the passage contains sufficient referents to activate
the 1e§rner's schema aAd provides the necessary context for thé »
detailed information as well. More commonly, pictures serve as adjuncts
to the prose information by providing a depicﬁion of that which is
verbally decribed. This type of rétentiona] picture is dealt with

next. , , :

Rejterative Retentional Pictures. A number of attempts have

been made to show that illustrations that are redundant with the prose
content can haQe a facilitative retentional effect.‘ However, it is
much less clear why images of this sort are 1ikely to have a retentive
effect.” The major difference between reiterative and contextual images
is that in the former case the entire passage conteat is subsumed
under a higher;%rder or conceptual structure, while in the latter case
selécted bits of information are trgated separately. Several studies
have demonstrated the effectiveness of the.reiterative strategy while
several have failed o find differences. The positive results will
be reported first.

Denburg (1976-77) tested the conception of a carefully chosen

picture as a means of increasing the amount of information a learner
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can use in identifying a new word. To examine this interpretgtion of
picture‘use, she investigated the effect of increasing the amount of
pictorial (1ine drawing) information on the word identification and
word learning of first gradérs, as wél] as thé nature of the 1nteraction
between the picto%ia] info;mation and the operations rassociated with ‘
the reading tasﬁi The independent variable that wa§ manipulated was
the amount of pictorial information accompanying a simple declarative
sentence. It had four levels: no picture, full picture, partial
picture accompan1ed by a sentence, and full p1cture accompan1ed by a
sentence. The findings of the study disclosed that the use of p1ctor1a1
information is compatible with the operations involved 1n\read]ng and,
hence, helps bring about word identi%ication and word learning., Thus '
the study indicated that the présence of picfures seeﬁs to encourage
the subjects "to integrate their available graphemic skills with the
available contextual information" k 187) For the present study
this finding implies that readlng and examining pictorial illustrations
are two complimentary activities; and that if carefully de51gned the
picture-prose combination should produce a superior 1earning effect.

© Haring and Fry (1979) wanted to find out if the Tevel of

pictorial detail is related to the level of verbal detail recalled

from the prose. Haring and Fry asked fourth and sixth graders to read

a 360-word written narrative and to examine simple pen and ink drawings.
The dependent measures were free recall of the number of idea units in
two levels of the story's content structure, The other variables were

grades of subjects, picture details, and time of recall. The study\

. reported that pictures do indeed help facilitate immediate and delayed

recall of main ideas of written text, but that pictorial detail seems

to make little difference. Additionally, thére was no interaction

7
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between grade level d ﬁKO% recall (immediate or delayed)

A .-
suggesting that children in these two treatments use illustrations

¢ S

in essentially the same way as an aid to ~stoﬁy recall. The implication

here is that while line drawings can have a facilitative effect on

) compreher)sion“and recall of ipformation by younger subjects, they may

not necessarily be helpful to adult subjects. A]fhough some stddigs
have demonstrated the facilitative effect of pictures on learning,

\
there are some that have not. Vernon (1953) performed a study to

“ascertain if pictures help or hinder the acquisition of information

from text, and if pictures increasé interest in the text. The first

‘in a series of two experiments had 16 to 18¥year-old boys and girls,

assigned in two groups to study their respective versions of a short
article of 700-800 words. Subjects v;ere required to recall orally
what was said in the passage. Subjects were also asked whether ‘;he
picture seemed to make any difference. Findings indicated that the
version with pictop’a] support was remembered no better than the non-

illustrated one.

Duchastel (1981) hypothesized that an jllustrated text will

‘be better remembered than the same text without pictorial support.

To test this, he developed a 1700-word passage divided into 12
topical paragraphs. The subjects were 15-year-old studengs who were
asked to read the pas;sage. Only six of the 12 paragraphs were

assigned illustration, so that illustrations were found alternately

. in every other paragraph. Four treatment groups were included in the

study. Two groups received an illustrated version of the passage;
and the other two, a non-illustrated version. One of the groups with
illustration, and one of the unillustrated groups took immediate

recall tests. The other two took the recall test two weeks later.

a

-/




" children's 1earning how to read and, moreover, for ot having any

,of reading responses. In Experiment 1, 30 pre~f1rst graders learned
picture present. During the acquisition trials, when pictures were

_these conditions gave more correct responses thaﬁ'did subjects in the

14

An interestihg element in the Duéhasté1,study was his expectation that

' 3

the pictukgs would help thq‘subjects recall information only from the

picture par:graphs and not frbm the othér baragraphs The findings of *
the study did nék offer solid support for a retentional role for illus-
trations in text. However, 1t suggested an interesting methodo1ogy for
exploring the relationship between pictured and non-pictured information.

Other studies have criticized pictures for i/ter%ér{ng with

facilitative effect on reading. Samuels (1967) tested the hypothesis
that when p1ctures and words Lang presented Jo1nt1y, p1ctures tend to \ A

serve as a “d1stract1ng stimuli" and interfere with the acquisition
to }gad four wordsiwith no picture, a §1mp1e p1cture, or‘an elaborate
present as cues for subjects’in the picture grgup; the‘subjécis in

no pictgre group.- On the critical test trials, however, when there

. ~ L . . .y . .
were no picture cues, subjects in the no picture condition gave signi-

ficantly more correct answers. Samuels forwardéd the view that

\

pictures caused subjects in the picture condition to use gfcﬁhres rather

than words as cues, suggesting that pictures drew the subjects' atten-

tion'away. from the printed words. . ™

A

In summary, the literature on the use of re1terat1ve p1ctures
as aids to prose retention is far from conc1us1ve It appears that
pictures can facilitate prose 1earn1ng if they encourage the.reader

to interact w1th the verbal material to a greater extent. In. this
¥

sense, reiterative pictures may perform in the same manner as inserted \
»

questions (Faw & Waller, 1976), cuing the lTearner as- to the important

'
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fe;tutes within the text, and encouraging them to\dgal with 1t in

H
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Pictures in Oral Prose.

Taped narrat1ons combined with pictures have been found to facil- ~
itate ch11dren S 1earn1ng performance (Guttman, Levin & Pressley, J1977)
and recall of orally presented- passages “high school students, espec-
jally if the pictorial illustration of the verbal information'was pre;

~Sented first (Bransford &'Johnson, 1972). It has also been demonstrated
that children (Lesgold, Levin, Shimron & Guttman, 1975) and adults (Clark,
1978) refal] more details from an ora11y“presen§ed prose passage when the
passage has been accompanied by pictures: Levin and Lesgold (1978) argue
that pictures are most effective when used in conjunction with orally
pre;ehted prose. This position receives support from studies that have
repoqted positive effects for illustrationt .

/

Rohwér and Harrjs k1975) grouped their fouth-grade subjects
into seven different treatment groups: Print only, picture on]J:'oral
only, pr%nt plus picture, print~and 6ra], oral plus piéture, and print
plus picture plus orgl. The 1eafning matéria] was a simp]é expository
passage discussing the qua11t1es of d1fferent types of monkeys and
the 11]ustrat1ons showed each of the qua11t1es discussed in the text.

7

Comprehens1on was measured e1ther by sentence ver1f1cat1on or short

answer question or free recall. An important finding was that the(/
oral plus picture- group performéd significantly better than the oraféD

.plus print group. Th1s repl1cated the flndvngs of Rohwer and Matz
(1975) who set out to test whether pictorial or printed auqmentat1on
affects performance in an activity necessitating the learning of( )

' orally presented prose. In the Rohwer and Matz gtudy, fourth-grade

children verified assertions related to the prose passages they had —.

t
H
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’heafd 'HW1th3n gach sample an 1ndependent—groups de51gn was employed

‘to assé§s the effect of two presentation conditions under each of two

/

'cond1t10ns-of testing. . The oral vérsions of the passage were accompanied

by ei" picture illustrations of text information or pringed versions.
,of-the éext The study provided evidence that p1ctor1a1 augmentation
is more effective than print. _

'Fiﬁa11y: Levin, Bender and Le§§o1d (1976) selecteh first-érade
children from two dwfferent commun1t1es and ass1gned them in equal .
numbers - to four experimental g%ﬁq;t1ons | Two single episode stories
of 30-75 words were recorded on tape and presented in three different
orders. For fhe picture coﬁdition, a colored picture depicting the

-

events narrated in a sentence hes presented together with the sentence

as it was p]ayed Four conditions ‘were present in the study: In the

Non act1v1ty control cond1t1on, all three stories were p]ayed to the

subJect without 1nterrupt1on "In the Repetition condition the tape
was 'stopped after each sentence and_the subject was asked to repeat

the sentence. The picture condition was produced in such a way that

[

an appropriate picture was presented with each sentence as it was

-

played twice consecutively before going on to the néxtksentence.\ The
data from this study argued strongly in favér of a clear advantage of
pictures over simple repetition. Levin et. al. (1976) speculated

3

that the inclusion.of pictures serves more than just a "second rehearsal”

.of the material to be learned.” The functional components of the picture

effeét,'theh, involvedvmere tﬁan Jugt an'inereased quanfity of what can
also take place in a"comp]ete]_y ;/erba] Dsi_ttjation. |

! " At the same time; findings also exist that generall& qq'ﬁﬁt
support the-use of picto:iq] i]]ustrationS'fo} orally. presented infor- .

mation... Strang (1973) inwesfﬁgatedlthe utility of several media
- ‘ . g s
P ? ’ . v ~

L.
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<{n§tructions p1u$ a parallel prinfed explanation of what was goinQ —

- standing nearby. Qverall, under vérbaﬁ]y augmented picture instructions,

/
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applications as self-instructional aids in a—vocatjonal school. The

l1€arners in this experiment were grade 11 and 12°boys with no prior

- knowledge of the topic to be Tearned. Subjects were randomly assiqned

to three groups: a print group that received pictoriai]y oriented
S . B

to be done, the oral group, whose learners received the textual units

in oral form, and the print/oral group, where the members were allowed

.«
to use both print and/or oral modes to help them in acquiring the

skill. Subjects in all éroups were free to consult with an instructor

1)

§ubjects needed only 20 percent. of the instructor assistance needed
with pictures only. The form of verba]]y—sqpported instruction that
necessitated the least time and fewest epigodes,of instructor assis-
tance was the‘print/oral group, which fared better than the oral, and
then the print groups. Strang observes tha£ the print/oral moge's

instructive superiority can be seen as a function of its accommodation

'to the individual academic abilities of ‘learners. This.mode afforded

‘ good readers the chance to advance at a fast pace through the text

augmented frames without having to Ifsten to an grally presented
passage.

*In.anAther study, Main and Griffiths (1977) classified fheir
subjects into high and low read%ng ability g;oupg, according to their
vocabulary test scores, and assigned these adult subjects- to four
treatment conditions: contral, print, print pictorial, and audio
piépoéia]. The contrd] group received only the 12 separate ﬁéssages
(learning material). A1l other groups received a supplementary .
pﬁ%sehtation follo;ing cbmp1e?ion of the learning activity. One treat-

ment group received the print supplement, while another, the print/

¥

/

S

s



‘pictorial supp]emen£. A third experienced the audio/pictorial e
supplement. Total study time for each subject was recorded. Criterion
tests were administered immediately after the subjects éanpleted the
instructional treatment. Findiﬁgs showed thaf the print supplements

'required less study time than the print/piEtoria] or qudio/pictoria]l

~

supp]emenfs, but produced the same performance gains. This indicated
an advantage for the pr%nt mode of presentaéion. Moreover,\findiqgs
also indicated significant main effects for treatments and for verbal
levels, with subjects in the high verbal brouﬁ, requiring the shorter
study time. When the performances of both groups were compared, a ten-

déncy for high verbal subjects to score higher with print supplements

and for low verbal subjects to score higher with audio pictorial

/

MethodologicaL Problems in Picture-Prose Research

supplements was a]so‘noted.

Recently, two reviews have appeared (Brody, 198}; Duchastel,
.1980) each of which point to methodological weaknesses in many of the
picture-prose étudies to date. Some relate to external validity of *
the procedures and methods utilized and others concern internal
validity. The current study attempted to address as many of these as
were feasible. Below is a listing of the major methodo1ogita]-

organized to

e

P
" criticisms and the Qay in which the cufrent study was

v L2

address them:

T

¥ 1. Brody observed that "with few exceptions, the majority of
the'picture-text research has considered pictorial illus-
trations as discrete wholes...(which)... leads to the v
predominance of studies which dompare learning from

passages that include pictures tq passages without, while
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neglecting to isolate.and compare different pigtorial;
attributes" (p. 9). This is an important criticism

but is of less relevance when one considers the massive
contribution§ to the literature made by Dwyer (1978).
His w0ﬁk on the realism continuuﬁ répresents a major
advance in our knowledge of pictorial attributes. 'The
current study did, however, address the issue from a,
different angle. By examining the difference between
pictorially supported and non-pictorially supported
pa}agraphs across afll conditions it was possible to judge
how. the pictures interacted with various kinds of verbal
information.

Another difficulty with research on illustrated text is

the issue of appropriateness and purpose (Duéhaste], 1980). .

Pictures used as illustrations in most of the studies have
their own Ygrying purposes, soythat 1ittle uniformity
exists among these picture-prose investigations. The
materials in the current study were designed to conform ‘
with Duchastel's own specifications for a retentional image.
This specification, meager as it is, is discussed in an
gér]ier section. ) .

ose materials used in many picture-text studies are
fictional narratives unlike that typically found‘in mos't
textbooks (Brody, 1981). T%is is not a criticism if one
wants to generalize to fict%onﬁ] narrative, but it %s if
the intention is to generalize to textbooks. 1In the cdr}ent

study the materials were constructed to approximate an

instructional text with pictures actually adapted from

Hxs
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various texts in the subject. The intention was to make
the content as-real}stic as possible given the constréints
of resources. ' Also, the materials were administered to
classes of subjects studying in‘that field who had not yet
covered the particular information treated. This was a
further atfanpt to create a realistic setting.
Instructional-texts utilized in many research efforts have
been found to be extraordinarily short. Rankin and CuThane
(1970) employed a 250-word passage as the learning material
for college students. Thus, the college subjects were
asked to read a paséage of roughly one typewritten page in
length, when a page in a collegiate textbook usually consists

of a far greater number of words (Brody, 1981). The prose

passage used in the current study was approximately 1,600

words in léngth. This probably does not conform to Brody's
recommendation for chapter length se]ectién, but was
sufficiently long to tax the recall of the subjects.
Picture; used in experiments do not typify phose ordinarily
found in instructional text. An example is the use of line

drawings for college students (e.g. Royer & Cable, 1976),

which ﬁs an instance of utilizing inappropriate illustrations.

Negd]ess to.'say, the results of this and similar studies

have no general applicability since simple, illustrations

meant for elementary level students were used for}co]1ege

subjects. Rigney and Lutz (1§76) used animated graphic

jllustrations produced by a compute}, a visual .form not

commonly encountered in instructional texts. Rohwer and

Harris (1975) employed printed versions of the text and

-
)
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" illustrations, presented by means of slides. The manner in

which both pictures and’ passag’ls are presented thus becomes
questionable (Brody, 1981). In regard to the first criticism,.
as was earlier mentioned, the picxurés used in the current study
were a?iapted from recent textbooks on the subject and were
therefore rea]isticl., In terms of presentation of .the pictures,
however, the current study is clearly Timited. Images had
to be presented for bothiuditory and written treatments and
therefore a compromise between internal and externa‘1 validity
M to be reached. It was decided that for both treatments ° '
a package of images would be provided. Studer{i:s were then
told (aqral]y or in written terms) wr;en to look .at the -
appropriate image. This Wa)'/ of presenting images is incan—
sistent with typical practice in either presenta:cion mode,
a]th'd’ﬁh it does not differ greatly from textual presentation.
Another limitation of the current study resulted fﬁom
the necessity to fix reading time. Since the auditory mo‘de',\

. M v N P
by necessity, had a fixed time, it was decided that the

textual group should have the same fixed time. Again, this

was a compromise between internal and external validity.
Duchastel (1‘981) argues that the beneficial effects’ of pic-
torial treatments can be best evidenced overy time. Essen-
tially, no difference between picture and no picture groups
should appear on the immediate test, but pictures s;hpuld
benefit ;“etentionlover a delayed testing interval. 1In the
current studg\/ a delayed testing interval was used. Al

subjects were tested at both immediate and delayed times

and ‘the scores were 'treated as a within-group factor in the
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design (Haring & Fry, 1979).
. o~

Subject aptitudes in prose learning

Although subject's performance on 1(earm'ng tasks may be
affected by subject aptitudes, not many studies in prose processing
have~pa1'd at‘gention fo aptitudes (Zimmer, Glover, Ronﬁing &
Petersen, (1979). Santiesteban and Koran (1977} and Winn and
Holliday (Note 4) presented a strong argument sF\owing that a reta-
tionship exists between verbal ability and learning from text.
‘Reading ability was singled out as contributory to differences among
subjec‘t popu]étions (Bernard, et. al., 1981; Gellner, Note 5). The
current study on the processing of textual passages included the
subjects ' reading abih’ty\. Toward this end, the Ng]son-Denny Reading
Test (Nelson & Denny, 1973) was used as part of a randomized block

design.

Hypotheses of the Study

=

Given the h‘mitaticon; previously outlined the foHow‘ing .

hypotheses were formu]gxted relative to the purpose of the study:
Hy» Verbal ability level (NDRT) will function as a significant
positive predictor of performance on the imn1ed1"ate and
delayed tests, in both picture condi tions.

9 There will be no significa}it. difference between ths,
auditory and print present‘atﬁ'on modes .

Ha There :n'H be a.significant difference between those
groups receiving pictures with their prose and those

not receiving pictures, in favor of the picture condi‘tions‘.

-H4 There will be a significant interaction between pre-




sentation mode and picture conditions and time of . -

|

testing (the retention interval). ‘
While no formal prediction as to the di r‘ectiqn of
‘the interaction is specifiéd, based on Duchastel's |
(1981) argument it was expected that the retentional
properties of images would emerge over time.

H. For p‘icture items, it was expected that there would
be a significant effect in favor of the ‘pictorial
treatment. ' s

H6 For non-picture items, it was predicted that there would

be no sianificant difference in the four treatments,
&

Logical justification for the hypotheses can be drawn from
a number of theoretical formulations. Paivio (1971) maintains thét
images,\ or words or both can serve as §effective ‘memory codes for the
retrieval of item information. Atwood (1971), also supports,the
contention that two separate systems exist for the processing of

AN

visual information on the one hand, and verbal auditory on the

other. Atwood, moreover, cites Bower (Note 6) who proposed a theoret-
ical model which includes differentiated, but r\*ich]y iﬁterconnected_,
visual and verbal processing systéﬁls\.

The distinction between th‘\ese\\two systems is supported by
several indirect but converging lines of\mnpirica] study:  Yuille and
Paivio (1969) operationally distinguisﬁed between imaginal and verbal
codes by experimental 1y changing s%iniulus aftributes and mediational

strategies in paired associate learning. Paivio (1968) and his

colleagues have verified that pictures are less affected by interserial

gy
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interference than are words, and that pictures are more effectively
\ .

stored in or retrieved from long-term memory and better retrieved

Zame

from short-term memoﬁymhqéa by a higher recall for recent

pictures than recent words. ° '
v //'
— \
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. r ¢ . ’
» 1 ' -
N ~
A}
] -
. . "
’
4 .




CHAPTER 111

METHOD

Sample R /

The experimental sample for the immediate posttest consisted‘
of 80 university students enrolled in {ntroductory biolagy at Concordia
University, Montreal. The.number, howe\B, was redu‘c‘ed to 53 on the
delayed posttest. This was due'to sgbject mortality during the second
testing session. The majority of the subjects were first 'year

L}

students, majoring in biology or commerce, or other 1iberal arts

course. About i of the entire \subject population consi’sted of foreign
students from the Midd]e’East, Latin Aﬁerica, and Southeast Asia and thus
did not have English as their first Tanguage. There were also several
subjects whose first language was French. Majority of the subjects

were female. Age of subjects ranged from 17 to 60, with a mean age

of 25 years (see Table 2).

Experimental Design

The design of the study was a 2 X 2 X 2 factorial with repeated
measures on the third factor. Picturé condition, the first between
group factor, had two levels; with pi ctur.'e and without picture. The
second between-group variéb]e, Presentation Mode, a]sp had two levels;
audio and textual presentation. Interval (immediate vs. delayed) was
the wlithin-group factor. The dependent measure consisted of a free

recall and a multiple-choice test, to assess subject performance in terms
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Table 1

iy

Absolute and Relative Frequencies for

Sex of Subjects

Sex

Male

Female

Absolute Frequency Relative'Erequency (%)

38 Y

42 ‘ 52.5

& .
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Table 2

Absolute and Relaltive Frequencies for

Age Level jof Subjects

Age' Level Absolute Re-tative
(Years) Scale- Frequency ) Frequency (%)
0-17 . 1 | 2 2.5

18-22 2 2 35 43.7

"23-27 3 / 24 30.0°

28-32 4 7 - 8.6

33-37 o 5 6.2 .

38-42 6 - 4.9
43-over  7 3 3‘.6

s
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of recall and recognition. Fiqure 2.is a graphical repre}s{entatjon .
of the design of the study.
Four different instructional sf’r‘ate’gies, used in four gréups,
were employed. The first was audio with pictures ana second was an
audio without pictures version. This was done by means of an audio
taper:ecording of the passages and an examination of the copy of the g ‘
pictq‘res (Bransford & Johnson, 1972). The third was a printed version
accombam‘ed by a copy of the black and white shaded drawfngg (Peeck,
1974). '
Both the audio and print versions provided definitions of -
terms and a discussion of how the human circulatory system functions.
The audio plus picture and the print plus picture versions were
different from the first two in that the“subjects in these two tr‘e‘at—
ments were instructed to refer to certain pictorial illustrations at \
certain points ‘during the narration. . !

The four groups and the respective number of students in each e

follow: . \,
Group 1 - Audiotaped version plus pictures: .12 subjects.
Group 2 - Audiotaped version alone: 10 subjects. '
Group 3 - Print versior(w plus pictures: 16 subjects.
Group 4 - Print version a]oné: 15 subjects.

The learning materials were prepared and rand0m1y‘ distributed
. to the subjects who participated in th,e' study. The Leve1/ of signifi-

'

cance for this experiment was set at .05.

Instrumentation

Measure of Reading Ability. A1l subjects in the study were

given the Nelson-Denny Reading Test (Nelson & Denny, 1973) a week
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before the;main experiment. Thdis was done following-Winn and Holliday

(Note 4), who stressedthat verbal ability, and learning from text are

related. The Nelson-Denny vocabula?yltest con;isted of 100 items )
containe& in a booklet and which. was accompande& by a separate aﬁ§wer
sheét. Subjects were instryqtqg to mark the‘pace 1ettéred,the same
as the answér they thought was correct. Subjecés were given 10 \

minutes to\pohpleté the test. ' Lo

L 0N ¢

Recognition Test, The 1eérnihg pasgagé was evaluated by a

ﬁu]tiple-choice recdgnition'test in both the immediate and delayed

At

{

conditions. The mu]tiple;choice recognitfon test (Appendix D) was
canstructed by geﬁerating 97 questiqn{ that be§t evaluated the learn-

. N . _ , )
ng passage. From the 47-item pool, 40 were chosen by two subject

o

b

t . .
mattg:\experts, aquused in this study. Twenty.items, randomly{se]L

ected,\were used for the immediate posttest. The rema1n1ng 20 were

used for_the de]ayed postgg;t Furthermore, a quest1on was 1nc]uded

to determ1ne the subjects’ fam111%r1tyﬁy1th the t0p1c before reading
y —

the passage fSubJects responées were hated on a 7 point Likert scale

on wh1;h they were directed to check the number wh1ch best represented

-

their acquaintance with the topic (Appendix I).

LN

. Recall Test. The Tlearning passage was siﬁiﬂar1y evaluated 4.

by a free recall protocol, #n both immediate and delayed cohditjoqs.
LY

(Appendix C). In botH.instances subjects were directed to recall,

"as accurately as possiB]e, the contents of the passage, and to write
\ . ' \

© in complete sentences everything that they could feéa%] about the

passage SubJECtS werﬁ given 10 m1nutes to comp]ete the reca]] test.
Scor1ng of the, free recall test followed the Schallert and U1er1ck

prose analysis me thod (Note 7). wh1ch analyzes the textual passage

f . ¢
. .
. . . - )
.

\
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into diffefent idea units,Jaccor.ding to their reiationship in "the
" passage. . | " .

To be able to generate the ex:perimental materials, and the ™
recognition’and .recaﬂ materials, an'appropriate instructional
deéign‘ proc;ss and a norming procedure had to be undertaken. Once
the prototype materials were prodl_Jced, the profess:or (handling the
course from which the subjects came) was furnished a copy of thé
'1earm'ng materia]s. She was asked her opir—n'onu on h,ow to impré.ve the
learning materials, and later on, to approve' the final version o%
the passage.

A layout was prepared in which the textual material and the
pictorial illustrations were arranged as t\ﬁey would appear in the
actual presentatiéns. Thé suggestiops of a mediqq‘expert rg]é‘ted to
presentation modes and media comb"inati'ons were also sought, éonsidered
» and fo]t]owed during the production' stage of the materials.

+

Two subject matter experts (i.e. the bio]ody prof-essor anq
a biology graduate) were asked to point out what they thought werev
the idea units inc'ldc!ed in the bm‘nt and pictorial versions of the
topic\. An idee; unit here refers to a sentence, clause or phrase that:
contains a single complete idea, or a single biock of information
(Séh(m"d, Note 8). A list of idea units handed in by both formed the
.maste‘r"\\]ist for the evaluation of the subjects' idea unit recall, and’
-for the \g\ieration of‘ recognition test ideas. Seventy idea units were

-1

folind to be \\Pepresented in the passage.

Materials

Passagé Selection. The print learning material was a 1, 665-word

prjose‘passage constructed by the researcher and drawn from the fo)lowing

g
o
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sour es: Textbook of Modern Biology (Nason, 1965) and Biological

Science (Keeton, 1972). The passage was entitled "The Human Circula-
. tory System" and it discussed animaTs' metabolic activities, their

specialized:systems of food procuremént, synthesis and elimination,

and the operations of.the human heart (Appendix G). The Dale and

Chall (1948) readability indices for the passage yielded a ranking

of college level.
-
The passage was constructed following the biology professor's
suggestion that the topic was an unfamiliar one, relevant, and more-
pver, not yet studied by the students in the biology course./ Another
reason thls topic was suggested by the professor is that it formed
part of her coyrse 1ecture plan. She provided some specific points
that could be emphasized, po1nt1ng out that the topic would serve as
‘an overview of the operat1on of the human heart and hence, wou]d be
supportive of the two succeeding lab sessions devoted to the d1ssect1op
of an animal's heart. The professor also provided a list of reference
materials, from which relevant in&otmation on the topic was drawn.

Print Presentation Mode. The print or textual version of the

passage was a short, seven-page expository passage on the Hhman cir-
culatory system, It Fonsisted of 12 paragraphs, or 1,665 words, and
contained bothﬂconcrete and abstract concepts. .The print version
was typewritten on sheets of paper stapled together.

Pictorial IT1Tustrations. Pictorial illustrations used in the

study were black and white shaded drawings (Dwyer, 1978} that were

redundant w1th the content and gave no new information other than
&

that included in both the print and audio versions. In a11, five

labeled pictorial illustrations were used in two treatment groups.

These pictures were based on illustrations adapted from the biology

_ ‘ - . \
.




33

t
>

books cons.ufted, and were executed by an-artist with a backgréund in
bio]ogy. | The pictures were designed to typify illustrations thaAt
appear in current university bio]dgy books.

The fjrst pictorial illustration was la black and white shaded
drawing, showing the connective body tissues through which systematic
circul‘ation takes place. ' It also contained enlarged inset 1'Hus'tra—
tions of the artery, the 1cap1’11ary and the vein.  Arrows were used
to illustrate the path taken by the oxygen as it circulates through
the body (Appendix H). 1

ITlTustration two was a cross section of the left side of the
human heart, which showed the path of iﬁcoming blood as it enters the
heart.

IMustration three was a cross section of the right side of
the human heart which showed the w;r'iqys outlets taken by outgoing
oxygenated blood. C .’ ‘

I1lustration four presented a diagram of a human torso (screened),
showing the parts of the human circulatory system, and the main arteries
and veins through which blood travels,

H‘lustration five displayed another, inside \{iew of the Human

~ heart, illustrating the location of the .SA and the AV nodes. As with ,,
the other illustrations, parts of the heart discussed in the passage
were labeled. | , D

The ,1earm'ng materials were pilot tested with two groups: a

syimiq'lar group with high prior knowledge on the learning ma‘teri'a]; and’

a second group, a bit different with Tow prior knowledge. Both

groups reviewed the 1earm"ng materials. Later, an item analysis of /
. the multiple-choice test based on the findings of the pilot s tudy w}is, ‘

/
done to determine item difficulty in the multiple-choice questionnaire.

“
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Items were modified or deleted, and new ones generated, according to
. . [
the item analysis findings.. A coefficient alpha for the pilot test.

was .86. A true control group (p1acebo condition) was‘uéed in the'a

:

pilot test to control picture and non-picture effects.

v

Audiotaped Learning Materials. A second set of learning

materials was produced in the same way. This was made up of two

* {
audiotaped versions of the print passage. One contained cues and
was used in combination with the pictorial illustrations. The other

version had_no pictorial support. .The audio presentation mode was

_narrated by a female voice with no music. Except for the fact that

it was presented aurally, the audio mode was exactly 1ike the print

version of the passage.

Assembling the Materials. Subjects in the main experiment

(immediate posttest) received a set of kearning materials consisting

of three or four envelopes stapled together, with a-gipera] 1nsxruc-M
tion (cover) sheet attached to the first envelope. Number and_con%ents“
of the Iearning‘materiéls differed according to treatment.

The audio plus picture group received the following materials:

Envelope 1 - General instructions stapled to envelope 1
and pictor{él illustrations inside envelope.
Enve]opg 2 - Interpoiated task-and a sheet of paper.
Envelope 3 - Free recall test plus'a sheet of paper.
Envelope 4 - Multiple-choice test and answer sheet.

© The audio alone group was provided with the following materials:
EnVélope 1 - General instructions stapled to envelope 1 -
"and interpo]éted task with a sheet of baper

inside the envelope.

Envelope 2 - Free recall test and a sheet of paper.
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Envelope 3 - Multiple-choice test and answer sheet.

The print plus picture group was given the following envelopes:

' EnVe]dbe 1 - General instructions stapled to envelope 1,
) and print materia1‘3nd pictorial illustrations
’ inside the envelope.
Envelope 2 - \Interpo]atgd task and a sheet of paper.
Envelope 3 - Free recall test and a sheet of paper.
Envelope 4 - Mu]tip]é-choice test with answer sheet.

The print alone group received the fo]low{hg envelopes:
Envelope 1 - General instructions stapled to envelope 1

and print material inside the envelope.

Envelope - Interpolated task and a sheet of paper.

Envelope 3 - Free recall test and a sheet of paper.
Laid

Envelope 4 - Multiple-choice test and answer sheet.

Task instructions were enclosed in each envelope for the
respective activities. A brief description of the task in each ehyelqpe

was included as well as a note on the time alloted for stddying the

“learning material. .

Print material - This was a seven-page typewritten passage

that discussed the human circd]atory system, with emphasis on the

operation of the human heart. There were:two types of"brint material.
These were the cued and uncued versions, which consisted of seven
typewritten pages of 12 paragraphs. Pictorial accompaniment was,

designed so that paragraphs one and two had no pictorial support, -

e
7

while paragraph three had. Paragraph four did not, while five had
pictorial support. This a1ternate/ar?éngement (DuchasteTj/1981) was
followed throughout the pictoria]lyJSuﬁported print version and audio

<

version.
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Interpolated Task - This was a math quiz which contained
four problems each in simple addition, subtraction énd‘multiplication?
and two in division for a total of 14 items in all. Subjects were
asked to answer as many items as they could within 2 minutes. This
was designed to lessen the effects of short-term memory so that subjects'
Tong-term verbal memory could be better measured.

Pi torial illustration - This consisted of five labeled,
black an‘ white shadeq illustrations of some parts of the human cir-
culatory system discussed in the passage and referred to by subjects
in the print plus picture group and the audio plus picture group.

Free recall test - This was a 10-minute test that required B
+ the subjects to write down, in comp]ete sentences and as accurately
as possible, the important points contained in the passage hegrd or
read. B

Multiple-choice test - wa types of multiple-choice tests
weré“constructed for purposes of determining how well the subjects
recalled the pas;age they had heard or read. Multiple-choice questions
consisted of a stem with one right answer and three distractors. For
both the immediate and delayed posttests, all the multiple-choice
duestions were randomly arranged. The multiple-choice te;t was made
up of knowledge questions and was consiructed by generafing 47 know]edgg
questions which had been reviewed.by two subject matter experts to aécer: \
tain that the questions were easily understood, and that only one
answer was correct. . ‘ :

The multiple-choice questions Qere of two types. Type A con-
sisted of 20 randomly chosen questions. Among the 20 quéstions were

12 pictorially-supported questions which required 12 pictorially

supported answers. Type B also consisted of 20 randomly chosen
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questiohs. Among these were six questions that called for an equivalent
number of six pictorially-supported answers. Both types of multiple-

. choice tests were to be answered in 15 minutes. To assess internal
validity, the Cronbach o« test was applied to both types of multiple-
choice test. The results of this tbst will be reported in the next

chapter.

!
ey

Progedure‘ (-

The experiment was carried out in the middle part of the fall
term of 1981. The subjects in four different lab sessions were divided
into four freatment groups. fhus, one lab sessjon was assigned to
the audio alone group and another was assigned to the aﬁdio plus picture

[y

group. The two other lab sessions, hoﬁever, were each inided imrto
print alone and print plus picture groups.

Subjects in all groups did not know that they were going to
take part in an experiment until they were informed about the experi-
,ﬁent just before the experimental session. When the researcher and
his research adviser entered the room, they were introduceﬁ by a
lab assistant to the students as people from the university's Education

S

Department. The research adviser told the students that the stddy
was beihg undertaken to enable educators to/determine which mode; of
instruction are effective for teaching biology. He further asked for
the students' full cooperation in ‘the experiment. Subjecfs were
asked to follow all instructions as closely as they could. A total
of 89 subjects took part in the studx, but nine were excluded for not
following instructions during the eiperiment.

The randomized packages were distributed to the subjects

fo]ﬁowing the researcher's instruction that. they should not open the
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packages until asked to do so. The researcher outlined the expers;-

mental procedure and the subjects were told to remove the general
N\
instruction sheet from the package and to read it'carefully. Al1/four

groups were given 2 minutes to read the general instructions. At

s

“the end of 2 minutes, subjects were told to pull out the learning

materials from envelope one, and start reading, or'they were asked
to listen to the learning materials according to droup condit%on.
After 15 minutes of reading or 12 minutes of listening, subjects were
told to stop what they were dding, and to put the materi&] back in
itg proper envelope. Then they were asked to take out the math quiz,
and to begin solving the problems. After 2 minutes, subjects were
told to stop answering the math quiz and to return the test question
to its envelope. They were instructed to remove the qpntents of the
third envelope, and directed to begin working on the recall test by
writing down their answers on the enclosed sheet of paper. At the
end of 10 minutes, subjects were again told to stop wri;ing and to
put away the recall test materials, and to sta;}.the multiple-choice
test. At the end of the experihent, the envelopes were collected and
the subjects were thanked for their cooperation and were told that
they could obtain the results of their tests by contacting the re-
searcher. |
Exactly a week later an unannounced delayed test was given:
The test was administered in the same manner as the immediate test.
However, no learning materials (neijther print nor audio) were included
this time.

a

Instructions according to groups. Subjects in both print . ___ _ _ . __

-

groups (with and. without pictures) weré instructed fo study the

passage, and to read it carefully since they would be asked to write
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down as much as they could récall from the passage ounce they had

finished. Subjects in the print plus picture group were instructed
"to refer to the illustrations when told to do so. Subjects in both
print groups were also informed that a final task,ka 20-item multiple-~
choice test, would be given to assess how well the subjects understood
and recalled the information contained in the passage. Subjects in
the two audio versions (i.e. with picture and without) were asked to
Tisten carefully to’the 12-minute narration. Those in the audio plus
bicture conditions were asked to examine the illustrations when
instructed to do so, They were also informed that they would be
asked to write down as much as they could recall from the narration
ance théy had finished 1istening. They were also told of the mﬁ]tip]e-
choice test to determine how well they understood and Yemembered the
informatiqn contained in the narration. In all four groups, the
learning materials were arranged in such a wa; that the two types of
multiple-choice tests (types A and B) were evenly distributed to each
group. | ‘

” Subjects in all four groubs were encouraged to ask questions
pertaining to the tests, by quietly raising their hand, and waiting
for the researcher to assist them.

The four immediate posttests, which took 45 minutes each, were
administered to the four groups during four separate lab sessions.
The pretests were all done in a well-1it biology laboratory, which
had four 1on? dissecting tables, surrounded by chairs. \
The delayed posttest was administeréd in the same laboratory.

Although basical]y the same as ;h; immediate posttest, the multiple-
cpoice test used in the delayed posttest was different in the sense

that subjects who received the type A multiple-choice test in the

/
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{ immediate posttest were given the type B test in the delayed posttest,

and vice versa.

.\A




CHAPTER IV ‘ : P

RESULTS

3

Introduction and Hypotheses

The purpose of this study was to determine the relative
effectiveﬁess of pictoriaf i]]ustr{itions on 1éarn1‘ng from written
prose, and the relative effectiveness of the same i]]ustrations on
learning from oral prose. The following hypotheses were .tested in
line with the purpose of the study:

Hy - Verbal ability 1ev<e1 kNDRT) will function as a signifi-
cant p-redicto’r of performance on the tests (T] ; TZ) in both 'Picture
conditions (picture, no picture). {

H2 - Theré will be no significant difference between Presen-
tation Modes (oral‘, written). -

H3 - There will be a sigm'f'icant differgnce between those
groups receiving pictlures with their Pr‘ose and those not receiving
pictures, in favor of the picture conditions.

H4‘ - There will be a signi%icant interaction between presen-

tation mode (oral, written) and Picture Conditions (pic'ture, /'n'o

/
‘

picture), and time of testing (T, T,). ’ /

H5 - For picture items, it is expected that there \/NOU]d b'é
- /
a significant effect in favor of the pictorial treatmem}/.
H6 - For non-picture items, it’was predicted that there woul‘d

be no significant differences- in the four treatment groups (oral,

—

4

written, oral plus pictuiré,~wr'1‘ tten plus picture),
. ;

4
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‘Covariate Predictor

Analysis of Test T}%es (A,B) at T, and T,

| 2

Regressioﬁ analysis was used to test the t;ength of fhe
Nelson Denny Reading Test (NDRf) as a predictor gf subject perfor-
mance on the immediate multiple-choice (IMCT), apd 1hmedia£e free.-
recall (IFRT) tests. The NDRT was a significan preﬁiétor of IMCT
scores, F(],SIX = 10.82, p <.01, with eighteen percent of the variance
accounted for Crz) on the overall multiple-choide test. Zhe NDRT was

also a signifidant predictor of IFRT scores, F(1,51) = 16.8, p <.0l%

and accounted for twenty-four percent of the varfiance on the IFRT.

u?
The NDRT was_also a significant predictor of the delayed
multiple-choice test (DMCT) scores, F(],SL) = 1411, p <.01, with twenty- '

one percent of| the variance accountedlﬁor, and similarly the NDRT proved
{ . )
to be & significant predictor of delayed free rec?]] test (DFRT)

scofes, F(1,51) = 12.7, p <.01, with nineteen percent of the variance
' !

accounted for \in the DFRT. ' These re]ative}y high correlations
indicated that \reading ability appeared fo be a sigftificant predictor
of subjects' penformance on thg two dependentameasu}es at both‘points
in time. Therefare, H] was accepted aﬁd;the NDRT was used as a

t

covariate in the subsequent analyses. \

il

It was necessary to determine if the two formg of the multiple-

4

choice test (MCT) (designated form A and form B) could be considered
parallel forms of th ;gﬁe measure., Sincewthese forms were counter-
balanced in all treatment conditions across time, a direct test of
the equivalence was copnducted separately atoTime 1 and Time 2.

Equivalence would indicate that the test types could be pooled within

treatment and time condjitions.
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A t - test was conducted between forms at T, and Tz'summed S

1
3Cress treatment conditions. The results of this analysis indicated (j

- thét at T],'no differences existed between the forms (E_; 1.01,

df

-t

df

46.62, 9_>.05).. A gimilar result was observed at T, (t = -.84,

ELd

51, p >.05). Based on these findings, form A and form B of the
MCT were coﬁsidered to be equivalent instruments. '
An item analysis program (ITMANAL) was used to assess“the
‘ renébmty of form A and form B of the MCT at 1‘1. Form A yielded a
coefficient alpha of .73 and the alpha for form B was .78. These
results indicated that both forms were moderately re]iab]e.. . .

]
b

Analysis of Multiple-Choice Data

Since the regression analysis indicated that the NDRT s%gni-‘
ficantly predicted scores on the MCT in both the immediate and delayed
conditibns, the NDRT was considered a viable covariate. As such, it
would help exb]ain otherwise' unexplained varian;e due to differences
in reading ability among subjects on the dependent measure, thus

v “reducing the between group error term. ﬁpwever, the assumption of

¢

homogeneity of regressioﬁ“must be met befare .the results of Analysis

N ofléoVariance (ANCOVA) are interpretable (Huitema, 1980). Essentially,

"i f
homogeneity of regression is &he assumption that the regression lines

of the predictor variable on the dependent measure are parallel across
levels of the independent factors. [t can be assessed by testing.the

interaction of tﬂ; covariate and the treatments.

1

v ' "This was' performed independently at Time One (T]) and at Time

Two (Té). Results of ,the three-way interaction of NDRT with Present-

ation Mode (print and audio) and Picture Conditions (picture and no

' . N .
picture) at T, were not significant, F(1,45) = .08, p ».50. Similarly,
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U“

‘ the resu]ts at T?‘Were not significant, F(1,45) = .05, p>. 50‘ I;

~

" was determ1ned from this analysis that the NDRT met the assumption
of homogen91ty of regression and was therefore ;n appropr1ate covarISte.
The multiple- cho1te data was analyzed within a 2 X 2 X 2
fathrlal design with repeated measures on' the third factor. The two'f
betweentgroup factors were Presentation Mode.(audio vs.,ﬁriht) ahd
Richure‘Cohditidn (picture vs.-no picturé) and Ehg withiq—group .'
faétof was Time of Testing (T] VS. Tz) IThe ana]ysis/of covariance
showed no 1nterest1ng findings in this port1on of the analysis.

The compJete ANCOVA summary tab]e is shown in Table 2, and Table 4!
]
gpresents the unadgusted means in aT] conditions and the correspond1nq

standard ,dev1atxons.

-~

« Even though'the findings of .this portion of the ana]&sis revealed
no intéresﬁing effects, it is *interestipg to note the position of the

means relative to one another (sée Figuhe 3). There was an unexpected
result.|The audio with picture produced results at T‘1 Ehat were con-

Y]

siderablly below the other conditions. However, at T2, all groups were

)

essentially the same. The ggperal]y stable results for the audio with

picture|condition may be the result of a floor effect although it may

also be|interpreted as results favoring the pictorial adjuncts. De-
cline ovier time was less in this condition thab in any of the others.
It is ce tainly true that’such an 1nterbretat1on would not be tenable

had the other groups remained high on the retention test.

w
\

. e ' -
Analysis| of Free Recall Data ‘ ‘

The free recall data was analyzed within a design sihi]ar to

\J -
\ )
\ .
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. Table 3
b g ; i ‘ . ; \ )
P . L Summary of the Analysis of Covariance for the
. ‘ ' , */Mu1tip1e-(:hoice Test
‘ 7« Between-Group Effects ¢ - df MS Fod p
. Lo ¢ . N‘ - @
Presentation Mode (A) 1 ™., 6.67 .39 .53
_~*" Picture Condition (B) 1 18.72  1.10 .29
‘//// i3 ’
.. AXB T 3.70 .22 .64
. Ty .
Covariate -~ 249.52,  14.65 .0004
Error e 020 © o
] . Within-Group Effects *o.
o Time' (T) IR 36.56 1115 0016
S S B Y U 1T 169 210 64T
, TXB, ' ] ‘2.61 - .80 .38
TXAXB . o 10.114  3.08 .08
| Error o .49 szs b
s - ’ B .
i ‘ g
! . ' . !
‘ ‘v » N P
’ . £
i
!‘ L \ .
f. SR .
i o ! '
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’ Legend
16 —

Print alone = ‘==—— == —
Audio alone -
"15 . ' Print with picture:« « «««a4«
] ' Audio with picture — « — .+ —.
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1 . 2
Immediate Test - o Delayed Test .
D
a
TIME OF TESTING
Figure 3. Interaction.of time by treatment from hdl
/ ] «-"overall multiple-choice test d%\ ]




. ' 48

Table 5

Summary of the Analysis of Covariance

for the Free Recall Test -

>

(=]

Between-Group Effects ~  df MS F

Presentation Mode (A) | 1 34.75 1.28 .26
Picture Condition (B) = 1 12517 4.62° .04
A X B 1 17.01 .63 .43
Covariate | 1 579.10  21.38 .01
Error R : 48 27.09 |
Within-Group Effects I, . P
- Time (T) . : " 167.5 27.00 .01
TXA - 1 20.25 3.26 .07
. TXB 1 1,74 .28 . .59
TXAXB 1 48 .08 .78
Error a9 6.20 -,
-:'\ @
p
ﬂ 3
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that employed in the previous section.“,i;' [dea units extracted frc;m the
sui?ject's written transcripts ser;ledﬁl/s/c the dependent measure. Results
of this analysis (see Table 5.) yielded a main effect for the Picture
Condition, F(1,48) = 4.62, p <.05, a main effect for time, F(1,49) =
27.0, p <.01, and a marginal two-way interaction of Time and Presen-
tation Mode, F(1,49) = 3.26, p ¢<.10. An inspec\tion of Table © |
reveals that the significan; effect for Picture Conditions is due
to the relatively higher number of jdea units recalled by subjects
in the no picture condition. When Picture Conditions (picture‘\and
no picture) are averaged across presentation Mode, the mean for
picture condition is 10.5 as comparfzd with a mean of 12.5 for .the no
picture condition accounting for the observed main effect. Since the
higher order interaction previously noted does not include the Picture %

Condition term, it is difficult to clarify this seemingly anomalous

‘effects

Condition Specific Effects

As was mentioned in Chapter 3, the passage was constm]cted to
contain 1é paragraphs. Beginning with the third paragraph, pictures
“‘weFe"eg'then designed for every other paragrdph to the end of the passage.
Paragraphs ‘3,5, 7, 9, and 11 had picture accompaniments. (in only the
picture conditions) while paragraphs 1, 2, 4, 6, 8, 10, and 12 did not.
Par;zgraphs 1 and 12 did not contain substantijve information so that, essen-
tially, five paragraphs had additional picture sﬂupport while five para-
graphs did not. »

Concomitantly, the mu]tip]e-choi’ce ';;est was so constructed as .
to inc]udé items from both picture and non-picture paraqra;)hs makina pos-

sible a separate analysis of these subtests. Separate reliability co-
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efficients were calcul}ated for each subtest. Since different subjects
received forms A and B, these coefficients were by necessity calculated
for each form. On form A the alphas were .41 for the Non-Picture Item

{

Subs;é'le (item = 8) and .71 for the Picture Ite{n Subscale (items = 12).

-For.form B, the alpha were .72 for the Non-Picture Item Subscale (item =

14) and .55 for the Picture Item Subscale. While these reliabilities
seemed a bit Tow, they were considered acceptable because in subsequent
analyses the subscales (picttln*e and non-picture) were pooled across

forms. Unfortunately, the design counterbalancing precluded a direct

“reliability check of the pooled subscales. N

i

Bk;zf\o‘re“th‘e‘ analyses were conducted the scores were\(\l\'ingarly
transformed'to percentages. This wa's done in anticipation of thé_
possibility of directly com;;aring the Picture and I:Jon-Picture subscales.
Conversion to percentages, 'q‘gi‘nce it is a Tinear transformation, pre-
serves the characteristic distribution of the responses while avoiding
the problem 9f item non-equi’valence (22 non-picture items and 18 picture
1:tems). However, before the ANCOVA was run, the separate subscales were
subj'ected to mul tivariate analysis of variance (MANOVA) to determine if
it was appropriate to directly compare them. The result of the Multivariate
F-test, F(4\',44) = 7.39, p <.01 indicated that the subscales were suffi-
ciently dif%erent to pfec]ude a direct comparison. This finding necessi-
tated separated analyses ‘of the two subscales within the ANCOVA repeated
measures design described in previous sections. \

An analysis <Sf the picture items was conducted using the per-
centage data mentioned above. The design consisted of two between-group
fagtors, Presentation Mode and Picture Condi tion,'.and. one within-groun
factor, Time. _The results presented in Table 7 indicate ‘only one signi-

ficant main effect. Picture Condition was significant, F(1,47) = 4.18,

‘\/
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Table 7

Covariance for Picture Items

Summary Table for Repeated Measures with

52

Between-Group Effects

Presentation Mode (A)
Picture Condition (B)
A X B

Covariate

Error

Within-Group Effects

TiEe(T)
T ; A
TX B
TX AXB

Error

v

df

.
-—

47

48

MS

.02
.25
A3
a3
.06

.07
.02
.02
.00002
.03

.40
.18
.29
.20

.50
.53
.75
.00

| e

.53
.05
.14
.14

12
.47
.38
.97
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p <.05 and an inspection of the means (See Table 8) reveals that the.
difference resides in the relatively higher per%ormance of the piéture
level as compared with the no picture level. This jndicates that
pictures provide additional support for the prose for which they are
designed. Two other items in Table 8 are also of interest. The co-
variate used successfully in all prev1:ous analyses was not'significant. '

While there is no direct evidence to explain this unexpected finding,
{

i't is possible that the memory strategy used for these items by sub-

jects in the Picture conditions was sufficiently non-verbal to reduce
the correlation between the dependent measure and the Nelson-Denny
Reading Test. Of additional note was the unexpected 1§ck of differ;eqées
oner time. Again there is no direct explanation for this finding. H(%w-

ever, by inspecting the means in Table 8+a suggestion is provided. F;ven
though the Time by Picture Condition interaction was not signiﬁ:ca{ntl, it

is interesting to compare the relative difference of picture and n"on-\
, \
picture groups over the delayed period. Picture condition subjects \\

d%mim‘shed 4% on picture items over the delayed testing period whi;|1e
no-picture condition subjects diminished 16% over the same period.: Al-
though there was no significant interaction between Picture Conditjon
and Time, the difference in these scores over time suggests that pijctures
provide facilitative support for the prose once more. |

Results of the analysis of the non-picture items was not as clear-
cut. There was a significant three-way interaction of Time X Presentation
Mode X Picture Condition, F(1,48) = 4.11; p <.05. Since-this inter-

. » . 13 g' 3 »
action subsumes all other interactions and main effects, the other |signi-

ficant main effects (see Table 10) were confounded. The relationship of '

the means are shown graphically in Figure 4 . When a signifieant higher-

order interaction is fotnd the appropriate post hoc comparisons are

{
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/ Table 9
/
' ) / . , :
Summary Table for Repeated Measures with Covariance for . R
// No Picture Items
;
/
Between-Group Effec;ts df MS F "B
/( .
Presentation Mo/de (A) 1 15 3.01 L0l
"Picture Condition (B) ] 40 3.19 .006 e
AXB // 1 ~,001 .03 .37
Covariate /-~ 1 __1.18 24,01 .01 ’
//
Error 47 .05
i - .
N / »
Within-Group Effects -
Time (T) B 22 12.10 .00
) ‘ S
T/X A , ] .00000 .00 .99
A}
//4XB o 1 .00002 .00° .974
S THAXB (N 4.0 0433 -
Error ' 48 .02
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Figure. 4 . Three-way interaction of time of testing, i
presentation mode , and picture condition :
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pictures < .05) and Print without pictures was different from Audio

with pictlres (p’ <.05). On thg immediate test Print with pictures )

and Print alone (or Print without pictures) performed similarly.

\

At Time Two, the results were quite different. Print without

L ¢ >

pictures was different from P;iﬁt with pictures and Audio with pictures

2 i

(E- <.05)i‘However: it was not different from Audio without pictures.
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’ Chapter V o R
, o .

L T . Discussion
Th1s study had two major purposes (1)'to determine )ilf
'prose presented orally and in w}n tten form is madelmor‘e memorab]e
" by -the add3t1on of pictures, and (2) to determme what effect, if -
-any, pictures have on pictured and non-pictm:ed segments df the
paésage. It wds predicted that pictures would have a'-°positi\'/e effect-
Lpon the prose matemal they vf)‘re de51gned to support, but would

“o ' have no effec@? (e.g. neither pos1t1ve ‘nor negatwe) on the other

paragraphs that were not pictured.

Presentation Mode and Picture Condition

According to Duchastel (1978), 'the use of illustrations can.

\ Y

facilitate later retrieval from memory by providing a conceptual plan

of the mformatwn for the learner. Based on this interpretation,
»

it was hypothesized that by nrov1d1ng pictorial 1Hustrat1ons that
the learners can c‘onsult while listening to or Y‘eadmg their prose
‘. ‘ N

ot “ passage, performance on immgdiate and delayed ‘tests would be better..
- . i v s N ll\
' 5 For/me overall multiple-choice test, this was not the case.

I
'

s " The uoveral'l muTtiple-choice test analysit yielded no siagnifi- -

cant effectsy ‘althoug_h a harg‘ina]‘ intetjac‘tion- (p <.08) of time, treatment

a;{d presentation‘mode and a significant effect for testing time was

/ found Result of the ANCOVA showed that at immediate testing, thel

/

i 3 ud1o with. p1cturé group did not perform as well as ‘the other cond1t1ons,

' but on.the delayed test, the Same group scored as well as the other

’

Ld
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treatment groups. Decline over time was.less in the audio_p1us pihture
treatment group. This intriguing result on the immediate test may
héve occurred because suljects in the audio plus picture group concen-
trated primarily on the pictures, thus failing to pick up substartial .
parts of .the narrdtive.

e When students know that they are subJects of an experiment

and that the test,they are writing has no effect whatsoever on thei

!

‘ - grades, they tend not to take it seriously and instead follow the

Tine of least res{stance. Proceed%ng from this argument, then, exam-
ining a picture invo1ves less attention than concentrating upon the
taped mirration.. This might eg;]ain the subjects' propensity to
consult the pictorial i]}ustrationS'instead of utiTiiing them as\a
comp]ehéntaryjtool used 1h combination with ‘the taped passage. ,
Additiona?‘partial explanation may~b% given, suggested by Brooks (1967).
Brooks reported that vi$ua1 imagery\occurs more readj}y in
listening tasks than 1n‘readihg‘tasks. When listening alone, espe-
cially when a complex descrjptién of the heart's function is presented,
the learner has to vﬁsualize ﬁhé intricate»descriptibns being phesented.
This, he can easily do since generating visual imagehy whitke listening
invo1ve§ nolconfLicting perceptua] activities. The addﬁtion of il-

lustrations to the taped narration, however, might have caused a con-

-~ flict brought about by {wo compet1ng inputs occurr1ng swmu]taneous1y

{
Exanq£1hg the illustrations while the narratjon Wwas p]ayed might have
’ { .

"prevented the subjécts in this group from processing all of the verbal
content available in the passage. Listeniég to the tape, examining

the 111ustratibn:ﬁand tryinq to visualize siimultaneously hight\have

7t

become difficult so that subJects resorted ito, other process1ng

strateg1es, which affected their performanc oh the 1mmed1ate t@st
. =,

~

| o | o \ .
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1

The oufcome of the deiayed overall multiple-choice test, how-
eve%, tended to show that examining the illustrations did have bene-
ficial effects, since the i]]ustrétions might have helped the subjects
recall and 6rg§nize the data fromithe pictures they examined, and

portions of the narratianthey had heard.

Picture Condition and Time

\
Paivio (1975), in his dual-coding theory of memory, assumes

that information being learned can be coded in either a véﬁbg] or
in an imaginal memory code or both. EmpiriEa] studies (e.g. Paivio,
1968) have verified that pictures age more effectively stored in or
retained from lTong term memory and bettgr retrieved from short-term
memohy. This current study extends Paivio's notion to learning and,

recalling pictoria]ly—supported;texts (Duchastel, 1981).

i

Picture Items from the Multiple-Choice Test - ' :

Earlier in Chapter Three, it was mentioned that the prose

- ' {
passage was. designed so that starting with the third paragraph,

‘pictorial illustrations were produced for every other'paragraph.A

'

Froma total of 12 paragraphs, five had picture support, while the

I

9thér seven did not. Paragrabhscone and twelve contained no impor-

—

tant inforqation, so that no pictgres were assigned to them. In
line with this, the multiple-dhoice tests were constructed such that
items fnom'paragréphé with pictorial supplements and paragraphs witﬁ—

out picto?ia]'suppléments were included in the multiple-choice test.

This made it possible to test each of the four tréatment groups

“'relative to their performance on picture and non-picture items.

(;orreépohdiﬁg:to,pictured and non-picturgd aspects of the passage).

I

}'&}
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An analysis of the picture paragrapﬁ% (or picture item group) disc]oS?d .
a significant ma%n effect (p <.05) in favor of the treatments which
contained pictures. According to this effect 1t seems apparent that pict
do have a positive effect on the information they are designed to -

support.

No Picture Items from the Mu]tip]e—Choi{e Test .
. 1 \
The result of the analysis of the non-picture iggms turned
\

out to be a three-way interactdon of Time X Presentation Mode X

Picture Condition (p <.05). (see Figure 4). At the immediate test,

- the audio alone group was different from the audio with pictures

(E_Q.OS) and the print alone group wasrdifferent from audio with
pictures TpA<.05)F It was observed that on the immediate test, the
print plus pictures and érint alone groups performed similarly. At
the de]ayed test; the results were&quite different. Print alone
was different from pr1nt with pictures ‘and aud1o with pictures. It
was, however. not d1fferent from audio wwthout pictures.

" The three-way interaction of time of testing, preséntation

mode and p1cture condi tion may 1nd1cate the f0110w1ng On ijmmediate

testing, subJects 1n the pr1nt alone group (who received no pictorial

\111ustrat1ons) might have found it easier to recall the information ..

they read. Subjécts in the audio alone group (who also received no
picture support) ‘alsa recalled a'substantial amount.of information,

since. they must have concentrated on listening to the verbal narration,..

which is’the only activity they were asked to do. On the dé]ayed

test, however, the print alone gr0up forgot less 1nformat1on than the

\raudio alone group. ‘A poss1b1e reason for th1s is that subjects in

the print alone group had the chance to reread the printed information

ures

|
|
1
|
|
|
|
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. they were asked to study. Rereading may have provided the necessary

1ink with 10n§-;enn memory. Subjects in the audio alone group‘——
although they recalled substantié] amount of inforgation on the immediate
test -- did not recall mucg of the information at Time Two. This
could be due to the nature of ‘verbally presented'information; which

is very tempérary and thus, cannot be reviewed. Inability to rehearse
fhe passage might have resulted in eventual forgetting.

Subjects in the print plus picture group scored bettef than
the audio plus pictu#e group at the immediate testing, but dihinished
by a greéter amount than the audiolp1us pict&re group on the delayed
testing. Subjects in both treatment groups -- it must be mentioned
here -- received multiple-choice test with items that were not sup-
ported by pictorial il]ystraefons. In this case, subjects in the

print plus picture grohp -- since they were asked to answer some

’

' questions extracted from the non-pictorially supported paragraphs- .

might-have been confused because they did not find questions related
to the pictures they examined. The absence of the anticipated
questions (i.e. those questions 1lifted from the paragraphs with
pictorial support) could have causéd the low score of subjects. At
the delayed test, the scores went down some more. This might imply ‘
that, the absence of pictorfal il]ust;étibns which help in the recon-
stfuction of past information 1eft‘the subjects with no memory aids;
The result was that no significant xecall took place. .

Subjects in the audi?/p]us picture group, tooi‘might'ha;e
been ‘thrown off balance by ﬁhe introduction of question§ obtained
from thé non-pictorially supported paragraphé. As with the ﬁrint
plus picture group, they might also héve been expecfing questions

1ifted from the pictorially-supported paragraphs -they were instructed
, A 2




64

to examine. They scored low on the immediate test when they found

no such‘pictorially-supported questions based on the picture paragraphs.

At Time Two, this group's perforﬂancé declined further. o
The results of this analysfs suggest that pictures, designed

as they were fof‘this study have a very localized effect on learning.

They support and facilitate retention of the content for which they

are designed. It appears that their effect on the non-pictured

paragraphs depends upon_the modality or the mode of presentation.

They appear to interfere with audio presentation on both immediate

‘and delayed testing and have little effect when presented with text.

This suggests that the design of pictorial adjuncts is an important

consideration since they appear to direct the learner to concentrate on

. pictured information.

Free Recall Test Analysis

An anomalous effect was observed following the analysis of
the free recall data. Reminiscent of the Samuels (196%) and Main

and Griffiths (1977) studies, analysis of data drawn from the current

2

research showed that subjects in the no picture condition (i.e. audio

and print alone) recalled a relatively higher number of idea units,’
&ompared with subjects in the picture condition. Why did the no
picture group have thfs‘advantage? The interpretation suggested is

that a trade off between the two groups took place. Subjects in the

o picture group did not expect picture assistance or questions gen-

erated from the iTlustrations which subjects in the picture group were
asked to study. The information was recalled well by the no bicture
g}oup due to the absence of an interference. Subjects in the picture

condition, however, scored low because they did not get the picture’

f
Ng
.
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assistance they thouéﬁt wou1d‘be offered by the picture~illustrations
they were asked to study.

An indirect but related further explanation of this result,
based on the notion given earlier f0110w§. Subjects in the groupsh
brovﬁded with the pictorial illustrations did not outperfo}m those
in the no picture groups because subjects in the picture group might
have dirzcted their attention to sbeciffc segments of the passaéé
(i.e. the pictorially augmented segments). This might have resulted
in "dysfunctional focussing and incomplete cuing (Holliday, 1981),
thus, diminishing student comprehension of i}izjkant information in

the no picture segments of the passage. On other hand, the

o

absence of illustrations directly related to certain sections of the

- same ‘'information might have encouraged subjects to develop apd apply

their own Tlearning strategies without study aids. Or this absence

'might have provided them with a complete instructional system support

(Anderson, 1972; Wittrock & Lumsdaine, 1977).

Consistent with the imp]icétions 6f this selective.attentional
model the performance of subjects in the treatment groups required
io study the pictorial il]ﬁstration, (although they did’not get any
pictorial support during the test) sUfferéd.

An aspect of the study that reméins to‘be explained is why
the picture items in the free recall test depressed the perform;nce
of the subjects, whi]é picture items in the multiple-choice test helped
facilitate recaHT A possible explanation’is presented by Levie and'

Levie (1975), who Doi?ted out that pictures, cempared to words, can
1]

~ cause notable differences when emp]oyéd as stimuli in experimental

learning tasks. The multiple-choice test is a recognition test and,

following Levie and Levie, may.not have any need for the retrieval

A
-~y
¢
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Y

stage of mémory. -This stage, however, is necessary in recall tests.
[t is possible that recognizing a pjcture does not entail any verbal
transactions. In the recollection of information from the picture

paragraphs, however, a verbal response becomes necessarily involved.

It will be recalled that information from the pictorially
supported paragraphs contained pictorial illustration. There“is the
possibility that the subjects encoded the picture-based information
in image form. Cdnsequent1y, on the reca11\tesﬁ, part of the infor-
mation was stored in image forms. The problem might have occurred
when subjects encountered difficulty while trying to .translate the
picture-backed information in verbal form during the free recall
posttests.

The nature of the task the subjects were required to perform,
or the 1earner'§ awareness that,a recall task was the task they will
be asked to undertake mighf also have caused the subjects to inter-
pret the pictorially-supported information (in image form) into
verbal terms during the free recall test. Thus the possibility exists
that when fhe subjects tried to encode image forms verbally during
testing, &n interaction was prevented from faking place. Subject
expectation of a written verbal answer coujd have discouraged or
prevented them from usiﬁg the nonverbal system for encoding pictorial
as well as word‘stimuli. As a result, extensive loss of picture
informatidn occurred when the 1e5%ner who‘expected testing by verbal
reporting, was in fact tested by verbal feporting.

‘ '

Educational Implication

In most learning miljeux ' students are obliged to learn new

and novel information which are not accompanied by suitable and per-



Fo ot

¢ ’ : ‘67

-

tinent memopy‘aids that can help them to retrieve the important points
studied more easily. In view of this, instructional designers should

supply the necessary retentional aids to help facilitate retention.

\ ' 1

~

One promising aid is the pictorial illd?t&a&Con which could assist

1

in information recall. Do -

S \
Data derived from this investigation suggestéq that the intro-
\

duction of a simple shaded black and white line draw1n9<into a prose

~

test. it is related to, should hélp in the retrieval of important

___ boints the pictures typify. This does not mean to say, however, that

a bictoria] ilTustration forla select group of co]iegemen may also
‘apply to a group of high school students. Rathér,'the cahstruction

of pictorial illustrations should take into accodnt the traits of

the learners the illustrations will bé designed for.

In the construction of retentional 111ystragion, instructional
designers should exploit thelretentiona1 qualities of illustrations
similar to thosé employed in this study. These i]]usfrations function
as a conceptual map of the subject'matte; and help recall. In effegf}/’
this study s an amplification b% Paivio's k1968) dual-coding hypo-

thesis and Duchastel's (1978) illustrative Strategy that pictures

} can help make important points in an instructiong] text retrievable,

As applied to learning situatibns, pictorial illustrations
could be go employed thaﬁ'learnefs will nét have a sad experience - .
with difficult-to-remember materials. 'In this particu]ar'instancg,
picturgs will serve to diminish fbrgettiég.
Conclusion | .
The findings of tﬁislstudy suggest that retentional i]]ustra-~

"tions can be app1icéble in certain situations. At the outset, it
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must be ascertained if the text is unfamiliar and if the learners do ) //

indeed need the illustrations. If a pictorial illustration is needed,

~ it must be employéd so that the illustrations, ysed together with an

' exposi tory téxt, really represent important points in the text. This

investigation used retentional illustrations, since the expository
text was something ‘the students were not familiar with. This was
determined by consulting with the course professor and confirmed from
the answers on the test questionnaire. Moreover, éhe instruction?]
designer must see to it that thé pictorial illustrations represent
major--concepts or points in the text. Otherwise they lose their
effect. Furthermore, the pictorial illustrations should not //
represent additiona1 information other than that also discusseé/in
the prose text. Taking this into considgratién will help avoid'
differences caused by new information not included in the text.
Finally, the prose text (learning mater{él) must be unfamiliar, so
that the students do not rely 6n pertinent information'they aiready
know prior .to studying the learning material. .

Based on the findings from this study, it is sugéestgd that
pigtorié] i]]usérations do facilitate recall if prober1y des%gned:

However, future studies could look into a related area by investi-

.gating the matter of dysfunctional se1¢ctivé'attention, which can be ~

caused by the assignment of pictgria] illastrations to certain .
‘paragraphs in a_prose passage. Future Ainvestigations could also study

picforia] {11ustrations used as memony aids 1n a field other than
gl

biology.
’,
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o S

. o DIRECTIONS . . . o
Y S

T}‘Q}s study is undertaken for the purpose of ir’nprov;i.ng~

‘upon the' ‘quallty of instructional textbooks. Hence, your

- —

partlclpatlon is needed so that guldellnes can be developed

that will be useful to writers of instructional mater;als.

~ ’

'i‘h'is‘package is made up of four (4) separate envelop‘es‘

i

.of material. You Wlll be gulded through these envelopes by

the\researchers in’ tlmed steps.

v

. ’ ' s
Please follow the res’earchers’ directionS'Closely . They

.

Wlll advise you when to start each task and when the time

~'allotted for study of the material has ended.

-

— .
%

Once the task has been i::omplleted, put the materials back

L i

into the proper ehvelope and wait guietly fer H‘thel others
to. finish. Plea‘s‘e do'not look’ through‘sﬁbseqizent eﬁveloPes

‘ . > . 13

~until the researcher in charge of the study gives the go-ahead.

Please note that other students in the room will be” work-
" ing on slightly different lmei{:erials,' so we ask that you ignore
, therm. and attend to your task wnly.

.# DO YOU HAVE ANY QUESTIONS, REGARDING THESE INSTRUCTIONS?
. S ‘2- s s i~

v " N .

. \
Vo . '
" Thank you for your assistance and cooperation.

) . . - ‘ '
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.
Math Quiz
p o pPlease perform the following mathematical calculations

; without using a calculator: o

2. Subtract:
oo (a) 17 from 30 2
(b) 20 £rom 221 ? -
(c) 68 £rom162 ? f )
1 ﬁ (@) 12 from9 ? . ‘: -
3. Multiply: .
(a) 12 by 107
L * (b) 13 by 13? \
i S (c) 118 by 20 ? s
_ % i ) (@ 146 byS;l? ( S ' ‘£
"‘ 4|. \Divide: . \ '
(a) 46 by 6 7 _ (b) 2346 by 32 7
| . ‘ o S R

—g eeae - R a - VN
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. TEST -~ Part 1

Let us say that listening to "The Human Circulatory
System;' was assigned by your course @rbfessorl. Let us also
say that before this class, a .friend told ?ou 'that{ he
cannot come and asked you to tell him next meeting all
about the Hujnan Circulatory System, SO he will be able to
ca’tcﬁ up with the othéré. »

Please write down (on the accompanying sheet of paper)
in complete sentences, all that you can recall from "The

. Human C/ircplatbry System," so that you woul'd be ‘able to
. “give youl; friend a thoroﬁgh, ac’count of its: contents v;hen

- ‘ - you. s\'ee‘ him.

v s e s

.
B T
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TEST — Part-1

Let us say that’ tﬂhc. reading of "The Human Circulatory
System" was assigned by youf course professor. Let us also

say th,at' before this class, a friend told you that he cannot

3

come and asked you to ‘tell hiin' ‘next méeting all about the

'Human Circulatory System, so he will be able to catch up with

t

the others. - !

Please write down (on the accompanying sheet of paper)
- . - &
C in complete s{entences, all that you can recall from "The

. Human Circulatory System,"so that you would be able to give
“.your friend a thorough account of its contents when 'you

‘see him.

.
s S . et
-~
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] ' - 1' ’
' ‘ TEST DIRECTIONS N
i d' 1
This test is made up of twenty (20) multipfle-choice
questions which were drawn from the passage you read or

listened to. - , ‘ .

You will- find an answer sheet included in the envelope.

. You are requestéd‘ to use this answer shéet to respond to

»

)

i '

the gquestions. If you do not know or are not sure which of

G
the given answers is the correct/ one, you are asked to choose

the one that you believe is most likely to be correct

EXAMPLE:

~ "
Question No. 1 he capital of Canada is:

a.
b.
c'

d.

Regina
Mon tljeal
Ot tawa

Toronto

1

on your answer sheet:

1. A B@D

encircle your new choice: You have fifteen minutes for the task.
: :

1.@3@(1) | ' ) | ' '
. \ i ‘ /'1\ . ‘: h ' '

!

Ik esnanatd Ve b e - >V..._-4—-.._...J".._.m,..,.(...1...d.m~«— v e e——— —

2

i
'
s ATty £
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1. Where does most of the exchange of materials bebneen the blood and
the other tJ.ssues take place?

a. across the thin wa_Lls of the vein
~ b, across the thin walls of the capillaries
c. ' in all of the body's vessels . L e

'

d. between the mass of tissues separating the left ventricle
J from the right ventricle :

°

- 2, According to ‘the "Human Circulatory System,” how do the two nodal
» . tissues mentioned operate to produce contractions?

a. the 8 node tires first and stJ.rmLLates the AV mode .
b. ‘tne AV node flres first and stlmulates the SA node _
c. they tire sum_xltaneousl}' . < .

. ."d. they fire independently |

3. Alveoli are found- ' I

a. at the p01nt of gas W in the bodJ.ly tissues |
b. ‘at the point of gas exchange in notn;,bodlly tissues and lungs
c. only in the lungs ’ ..

d. only inithe ventricular musculature

. . Vo
i + ¢

4 Living cells seek the essentlal raw materigls that they need, Similarly,
they must rid themselves or_ wastes ‘or used raw materials. This activity
is cadlled:’

a. synthesis 7
X ' , b. metabolism . ‘ ¥ ‘ "
° C. Osmosis )

i d. symbiosis

r7
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5. Blood leafh.ng the rlght ventrlcle may best\be.charactei‘lzed as .~
. contalmng. . \ )
° ~ . a<’+ less oxygen, m:)re tarbon dlox_uﬂe A
4 '\ > o~ , 4
- ¢ b. . less,carbon dJ.ox1de, mote oxygen °
. X 4
‘ . ' ¢. an abundance of nutrients ’ . )
v \ 5 . ) N \
d. mmch oxygen -
5 N ’: ' - R
0 < . v : .
6. The left ventricle of a heart contains which of phe’following? .
‘ . o
J a. blood that has just come from the Y ' .
- . "b. blood that will go next to the ung - \
, '+ .c. blood that is not yet‘oxygenated :
Y t
d. blood that is recently oxygenated .
»n - , s
7. The four pulmonary veins empty into the chamber of
the mart, called the ) .
a. upper left, left atridm . ! -
~ ® . . !
- b. upper right, right atrium
' AS - 1 . ‘4
c. lo«aer ett, feft ventrlcle .
) &,
B “d. upper right, right ventn&:l%i
* e \
~ . 8 'Ihe post and pre na :cava carry blood heart.
> \\\ N a - ’ /
ta, veJ.ns, towards the . . T
A ~ o N ¢ - /
> - b. ,artery, away from " /
~ N . L - . ' / ;
. c. . veins, away froms ' i .
. ¢ d.. arteéy, towatds the' ‘e
. \
/
’ < /
£ o /
P ‘.' - e R \v — - v/

@

A
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- Y. The dorsal aorta is a carrying blood - ____heart.
S d N a. artery, towards the
- ¢ . “b. artery, away fram the ‘ .
(; o ‘ cs vein,’aﬁéy from the\ '
> d. vein, towards the i g
[4 .
’ ¢ T
, T /, . 10. When it contracts, the right ventricle sends -the 'blood ‘through a Valve
o ' into the pulmnax:y artery, which then divides into:
’ : . s a. . four chambers going to each.lung _ Ve
) v v . . ‘ . ~
A b. +two branches going to each lung ' > -
- Lo .- . -~
c. two branches going to the brain ‘
P AN -
k d. the pulmonary vein . N ‘
Pll. Where is the Simo-atrial node located?
C X E a. near the Atrio-veni:ricular node N N o -

b. near the interventricular septum

X

c. near the anterior vena cava
d. -on the outside of the aortic arch
x | , - N - . ‘\ . ’
' . What will happen if the nerve connections to the heart are cut?
a. “the heart will stop bea’c_lng | |
\ b. the rate of beat may change sl:.ght.ly

e the rate of heartbeat will fluctuate erratically

A
\ . d. ethe heartbeat will remain unchanged -



- ' -
13. which among the following best
‘circulatory system?

a.

delivery system

themqstat

‘ heat exchanger

'npunping system

<

describes the function of the human “

14, From the capillaries, blood enters into small veins which soon join

-~

to form large

from the lungs.

o
a.
b.
c-

d

portal

hepatic 3 _ ‘ .

N ‘ B o 9

. pulmonary’

. cardinal

veins running back toward thée heart

N\ y . :

' 15. what substances mlght you expect to find in blood flom.ng in the pulmorfary

veln""
a.
13

b.

c.

:

16. 'Ihe area where beds of caplllarles in the walls of

. carbon dioxide and nitrogenous wastes =
oxygen and nutrients
oxygen alone

carbon dJ.ox1de alone .

G

"with the small arterles is where

. a.

. gas 'exchange

'aerat,u’)n i \

‘the a'J'.veoli' .connect
takes place.

deoxygenatlon
waste exchange

=R



¢ . o
17. Which of the follow1ng sets correctly represents
. the .flow of blood ithin ‘the heart°
Y A '
: a. right auricle, right ventrlcle, :
left auricle, left ventricle.

“b. rlght ventricle,\left ventrlcle, S : . ot
right auricle, left auricle. ‘ '

‘c. right'vedtricle,\right auricle, L : !
left ventricle, left auricle.

- d. left ventricle, left auricle,
right ventricle, right auricle.

'18. How is the heart nourished with blood?
' ;;l,it extracts nutrients through its inner‘walls.’
b. the coronary artery feeds it,

c. Blood is sent to it directly from the lungs by .
one branch of the pulmonary vein.

d. the heart does not need n\\rlshment.
.19.‘What is the first branch of the aorta? ‘ ‘.‘ -
‘ a. carotiﬁ artery. |
‘xb. coronary artery. o : ‘ \
c. pulmonary artery
d. sub¢lavian. artery.,

20. Accordlng to- the "Human Clrculatory System," Wllllam“
Harvey is credited w1th. :

a. discovering the existence of capillaries.
b. defining the science now known'as~physiotheraphy.

c. outllnlng -the basic components of the c1rculatory
system. .

d. writing a book on the,fespiratory system. -

~ N
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TEST DIRECTIONS - R

This t“esf:,is ﬁnade up of twe'nty' (20) multiple-choice
ques‘tions whichi were ‘drawn frl;m the passage you read or
listened to. ) |

You will £ind an answer s.heetfi‘ncludedl in the: e;we‘alope.
You are requested to use this answer sheet to respond‘go o
the questions .‘ If you do‘not kn§w or dre not sure wi'xich of

]
the given answers is the correct one, you are asked to choose

the one that you believe is most likely to be correct

EXAMPLE :

Question No. 1 o The capital of Canada is:.
a. Regina

) b. Montrea‘l t

c. Ottawa

. ) .. d. Toronto .

. s \
e-the-correct—answer is (¢} and you would indi=-

h
0
o
i~
h -

o

cate this by encircling (c) beside the appropria@"@fééﬁi’é‘h“ -
on your answer sheet:
1.2 8 @0 | <
If you commit a mistake and want to change your answer,
just cross out your first se.],;ecti6n with an ".}l(" and then

encircle your _ﬁew choice: ‘You have fifteen minutes for the task,

HORNCERS
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1. Which statemert best describes the pumplng aeva.ce known
.as the heart?

¢

a.

‘e

¢ * " bc‘

c.

; d L]

- a one-way action with one-way valves.

a two-way action with one-way. valves.

a one-way action with two-way valves.

a two-way action with two-way valves. o -

v

2. What . substances mlght you* expect to find ln blood flowing
in thé pulmonary artery?,

carbon dioxide and other waste products.

oxygen and other cellular nutrients.

’

oxydgen alone.

a mixture of carbon dioxide and oxygen. .

I

L v

3. Which of these statements most accurately defJ.nes the

term Physxology? ct

'aﬁ

the phy51cal sciences.

s

explanatlons of bod:uly functlons in terfns of ot

Ll

the comparative study of higher and lower forms
of anlmals.

T T d .

the-science- which—studies the circulatory system. Ll

a science which studies the dtnteraction” of the
neurons system,and the circulatory system.

.

°

rd ' . v

4, In the "Human Clrculatory System," "warm blboded" refers

" to. anlmals wh;ch

Q.

have four;chambered hearts.

]

can resist fluctuations of environmental temperature.,

have prec:x.se control mechanisms
system.

2r their circulatory

\ —

can vary their, metabollc rate depending on cllmatic
conditions.

\

I ¢
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‘"5, It is more 'important for the ventricles to ‘coni:‘ract as a
unit because: . !

C a.

b.

) Ce

d.

: 'y . .
. é The beating of the two halves'of ‘the human heart is

o -

they must force blood éhrqﬁgh a long chamber of
veins ‘which .in turn, would transmit imipulses
like nerve to the AV node.

they must force blood through a bundle of branching
fibers amd then let the blood flow at regular ’

- intervals.

4

they r?ust force blood to flow sequenti:ally thxrough
a long system of capillaries, then to the arteries
*and then to the veins,” wave-like.

they must force blood through a long sysﬁem of -
arteries, capillaries and veins, thus producing

simultaneous contraction of all the parts.
(]

inherent in the heart itself and not dependent on stimulation
from the:

a.

b. -

/\“c.

d.

¥

digestive system
nervous system
lymphatic system

\ -
systemic circulation ST gQ

. : 1}

7. Identify’ the very large artery which carries blood from
the left.ventricle, to the tissues of the body.

a,

b. -

c'

d.

pulmonary artery . ' o

[

coronary artery
aorta ’ -

subclavian artery . Tl
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8. Which of these best describes the circulatory system as
' indicated in "The Human Circulatofy System?”

10.

a.
b.
c.

d.

!

If the nerve connections to the heart are cut;,' which among

N

a. very elaborate. transportation system. .

‘a necessary structure in all living things

required only in "warm—blooded" animals.

i

- two systems in one.

‘9. The work of William Harvey set the stage for:

the current science known ag physics and chemistry.

the continuing study of respiratory di sease.
’ ; ’ -

the modefn‘study ‘.af physiology.

recent findings regdrding pulmonary reguscitation.

&

the following is most likely to happen?

"a.

b.
c.

d.

»

the heart will stop beatind.
the heart will keep on beating.

the rate of heartbeat will rise and fall irregularly.

the rate of beat may change slightly.

11. WheTre ’wqﬁld you expedt to find artéries leading to the

" 'head and upper body?

4
extending out of the heart itself.

branching in the region of the aortic arxch.
branching from the pulmonary vein.

arising from the pulmonary‘ artery.

K



12. The two sides 'o'f the heant: B

88

e

o

‘a. beat separatelyh, producing the éharaqteristic
' "lub=-dub" sound. - .

R 'b. beat éssentially in unison. .

c. produce heartbeats' which differ by less
than a second. ' .

rtd. prod(i.lce heartbeats as a result of entirely {
eparate mechanisms.

13. Héw_many pulmonary veins atre there?

a. two, one for each lung. . o
b. one, from the combined right and left lung. 5
c. four, two fr%m each lung,

~-d, "three, counting the superior vena cava which
enters at .the same place. ’

14. What is the name of the intermediate size vessels which
feed the capillaries, in both the lungs and in other
body tissues? ' :

a. auricles. %
b. septae. o~
c. arterioles.
d. véins. . ‘ ' *
15. Which statement is trué of the AV node?
, a. contracts li:ke mu;’cle and transmits

, impulses like nerve.

b. located near the anterior vena cava.

C. i)revents the blood from flowing backwards in
the heart.

d. is stimulated by the central nervous system.

v
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16. What for¥ces the Llood through a valve into-the left

ventricle,.which is the lower chamber of the he:{it?
a. contraction of the left atrium. :
b.” steady flow of blood firom the ventricle;&\ = J

L]

C. the elastic recoil of blood from the wventricle.

d. the pericardium,which minimiZes friction on
the outer surface of the beating heart.

-

+
i

17. In the "Human Circulatory System," the term closed circulatory
system means: i

a.. that blood passes through the heart tw1ce
during each cycle.. :

b. that blood always travels in the same direction.'

c. bldsd travels on a rigidly circumscribed path.
S ,
d. circulation provides two major functions for -the

body. .

o

18. What is the primary functién of the alveoli?

a. to control blood flow through a ‘series og‘check
valves.

b. to activate and control heartbeat and heart rate,

c. to\ allow for the free exchange of oxy'gen and carbon
dloxlde in the muscles and bodily brgans. .’

d. to ald\ in the exchange of oxygen -and” carbon dlox1de
in the 1ungs.

v

a .

t
{
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. 19. which of the follow:mg completely separates the two’ atr:.um
© . and the two ventrlcle§ from each: other?

T b.

Ca

F

a. left internal 1llac artery. -

rLt =

Jpartial septae. ' T , o

inferior vena cava .

‘d.. interventricular septum.

o
—
. - -
- -~

*

.20, According to- "The. Human C:x.rculatory System," why does the
heart have two sets bf chamE’ers’J :

'al ’

to increase the pressure Heeded to keep, the- blood
flowing.

>

to prevent blood from revers:mg :_ts dlrectlon
ln the vessels.

to maintain the separatlon of oxygenated and
~deoxygenated blood. :

:
|

to provide blood to the heart muscle as wc/ali as -the

‘rest of the body. . )

’

r

‘.

.

=

et e e
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You willfhave fifteen.u5&/ minutes in which to

study this passage, entitled "The Human CifEulatory System," .

ye The passaggmis seven (7) typewritten pages\long.
s 4 ' -

’

o Lt '
. ' Pay close attention to the set of illustrations- that
2 . @ A)
h

accompany this passage, :and refer.to the illustrations when

L4 !

‘instructed to do so. N S l . .

v

Please attend to the passage very carefully. You will.

r

@ .
2

be asked to write down as much as you can recall from the 1

’
, w

passage once you have finished. The final task is a twenty
. . . 7
, (20) item¢ -  Multiple~choice test 'which'will assess
how well you understood and recalled the information contained

, in the illustration and in the passdge.

If.you have any questions, please raise your hand and
’ o " you will be .assisted.
. . ¥

13 s . \ Iy R

. 4 T - ' - . ’

’

v PLEASE DO NOT TURN ,THE PAGE UNTIL

_ INSTRUCTED TO DO° &0.
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The Human Circulatory

System

'

§

‘4

Every living cell, whether it’eiists alone as a
¢ i .

92

[y

single~celled organism or asré component of a multicellular

then, ,that every cell must obtain éhe necessary raw mate-
: .

rials to support its metabolism.
okygen. Likewise,
such as carbon‘@$o§ide.

to a medium from which it can extract raw materials and

ternal cells’are far from the body surface and from the

for trans

: . e &, -
of procurgment, synthesis, o;~e11m1naélon and

living ceils throughout the body The transport system

"into which it can dispel wastes.

C s .
rting substances between the specialized systems
R
the individual

it must rid itself'of metabdlic wastes:

necessary 1s provided by the clrculatory system,

Mast hlgher animals have a true c1rcu1aﬁbry system

Blood 1s\nmved round and round through the body along a

Al

falrly definite path This circulatory system usually has

some sort

follows a pne-way pumping action ﬁspéily combiped with
: N , P

P
system of one-way valves. This /pumpﬁng action carries  the
. x 3 v

of pumping device called a heart. The heart

n

-

blood in a regular fashion through the circuit..

For higher

a

anlmals, ‘this circuit 15 one which is rlgldly encompassed

in well—deflneé vessels. We call this a closed circulatory

y

system.

e

Viey
[

/

In fact, every cell must be exposed

\more éBmpléx muItipélIuia:‘plants ané ahimals, the more in-

. . e ]
general environmental medium.. Thus, some mechanism is needed

‘one, must perfbrm its own metabolic activities. It followsp<>

It must obtain nutrients and

In férger and structurally ~

s

_/1
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’ Man, like all vertebrates has a closed circulatory .

system, which consists basically of a hear% -and numerous

.arteries, caplllarles and veins (Refer to figure 1). An

artery is a blood vessel carrying blood away from the“heart
(for examplg} the dorsal aorta), while the vein‘is anvessel
carrying'bleod,back toward the' heart (for example, the/post
and pre caval vgﬁns). Capillaries, meanwhile, are tiny blood
vessels that interconnect tne arteries ‘with the veins. Note
that 1€ils across the thin walls of the caplllarles that most
of the exchange of materrals between the blood and the other
tlssues takes place. A ;

Since the continious beating of the heart is ‘one of

the mosr observable aspects of the body's operation, and

since blood vessels can readily be seenlthrough your skin on

' the wrist, it may seem to you that the basic idea of blood

circulation via the heart, arteries and veins is pretty obvious.

Yet it took a while before the idea of the heart as.a pump was

e

understood and accepted. Our understanding of how our body.

' functions started in 1628 when William Harvey, an English' \

-

biologist publlshed a book entitled Anatomlcal Dlssertatlon

Concerning the Motlon of the Heart and Blood. Here, Harvey

. clearly enunciated the idea of 01rcu1atron of blood and out-

-

lined the basic components of the circulatory system as we

know them. today. His work neot only 4improved knowledge of the

»

&
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circulatory system, but also marked the beqizeing of the - W'
modern science of physiology, the attempt to understand

- bodily’ :prdc;esses in terms of physics, and chémistry.
Let us trace the movement of blood ﬁhrough the human
circulatory system, beginning with that returning to theﬂ

heart from the legs or ia"rms (Refer to figure 2). Returning

blood enters the upper right c}lantbér of the heart calied
the right atrium orrauricle. This chamber them contracts,
forcing the blood through a valve into the right vent\ricle,
the lower right c‘hamber of the heart. Now, this blood, having

just returned to the hedrt from its circulation through tissues,

\\\\gontains little oxygen and much carbon dioxide. It would be of
little valué to the body simply to pufnp this deoxygenated
‘blood back .out to the general body tissues. Iﬁstead, contrac-
tion of the right’ ventricle éen the blood through a valve

into the pulmonary artery, whichysoon-divides into two

branches, one going to each lung..

'

Iﬁ the lungs, the pulmonary arferies branch into. many
small ar;téries called arterioles, which connéct the dense
beds of capillaries lying in the walls of the alveol;'L. Here,.‘
gas exchange takes place', carbon dioxide being discharged
from the blo;)d into t?le\air in the alveoli and oxygen being
picked up by the hemoglobi;l in the red cellé of the blood.

From the capillarieé, the blood passes into small Veiné,

which soon join to form pulmonary veins_running back




/
e
towara the heart from the lungs.
- The movement of the blood thqough the circulatory

. vl - '
system further continues K with the.pulmonary vein (Refer to

figure 3). The four pulmonary veims - two from‘each'lungﬁ;
empty into the upper left chambef of the heatt, called the
left atrium of auricle.:When the left attlum contracfs, it
forces the blood through a valve into the left ventrlcle,
which is the lower chamber of the heart. The left ventrlcle,
then, is a pump ‘for recently oxygenated blood. When it ‘con-
‘tracts, it bushes'the blood thrpugh a valve into a very latge
aftery called the aorta, which ca>§ies blood to the tissues’
of the body. ' ‘ . | |
As you can see: the pumplng dev1ce just descrlbed‘ls,

'. in effect,.two hearts in one, since the blood in the left
side of a normal heart is completely separated from blood
in~the right side. 'This type of heart is known as a four‘
chambéi?d heart, as it consists of two atrium ano two ventri—
cles, which arxe completely separated from their counterparts
by an inte;ventricular septuq. This is characteristic of
mammals and birds, the two groupe of vertebrates commonly
termed “"warm-blooded." These animals maintain relatively
constant high body temperatures, regardle&é of'flectuations/-
in the'environmental temperature They also have hlgh meta-
bOllC rates and very prec1se internal control mechanlsms.

Constant perfusxon of the tlssues .with blood rich in oxygen

is clearly ‘essential to them. It would be hlghly disadvan-

-



.

‘tageous to - sudh an1mals if ‘the oxygen—rlch’blood returnxh;
to the heart from the pulmonary 01rculatlon were mixed
thh the oxygen-poor blood returning from the systemlc cir;
culation. wa let us examlne the route that oxygennrlch

blood t%kes after 1t leaves the heart.

Numerous branch arteries arise from the aqrta (the
largest artery) along ita length, and these arteries carry

blood to all parts of the body (Refer to.figure 4) . Fof

"example, the fi¥st branch of the aorta is the coronary arte-

s

ry, which carries Dblood to the muscular wall of the ﬁeart
L] . :

'itself. Other early branches of the aorta, which arise in

1

the region of the aortic arch are the“arteries that supply

\ A \
the head, neck, and arms. As the aorta runs posteriorly,

arteries to the body wall, stomach, 1ntest1nes, liver, pan- .

creas, spleen, kidneys, and the legs arise from it. Each

v

of these arteries, in turn, ‘branches into smaller arteries,

until eventually the smaflest arterioies(connect with the nu-

merous tiny capillaries embeddedlin the tissues. Here, oxygen,

" nutrients, hormones, and other substances move out pf the

blood'into the tissues.lSuch waste productslas carbon dioxide
and nitrogenous'wastes/are picked up by the bloea, and

substances to be‘transpdrted,'such ae hormones se reted-bj‘the
tissues, a§2 alao picked up. The.blood then runs rom the

'capillary bed into tiny veins, which fuse to fo ‘iaxger and

i

5 ' . A ) -' ! 3
" larger veins, until eventually one or more largeg veins exit
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from the organ in question.and proceed on their way back to’

the heart. These veins, in turn, empty into the right atrium

1
”

of |the heart.
S - B /
Even though the human heart is doq%le, the two halves

beat essentially in unison. The beating is inherent in the

~

‘heart itself and not dependent on stimulation from the.central

nerveus'system. If all the nerve connections to the heart are
cut, the heart will continue to beet in a normal manner, al- g
thouqﬁ the rate of beat may change sllghtly As you probably
knoﬁ, the heart of a frog or turtle can contlnue to beat . after

its complete removal from the animal's body, if it is placed

.in'a solution with proper osmotic concentration. Clearly; the

initiation of the beat and the beat itself are intrinsic pro-
perties of the heart, but the iate of beat is partly reguléted

by'stimulation from two sets of nerves.

'

3

The initiation of the heartbeat normally comes from a
small mass of tissues on the wall of the right atrium near

the point where the anterior vena cava empties into it (Refer .

to figure 5). This mass of tissue, called the sino-atrial, or

SA node, is .very important ,/A second mass of nodal tissues

¢

called atrio—ventricular or AV node, is located in the lower

' part of the partition between the two atria. A bundle of nodal

tlssue flbers runé from the AV node 1nto\§he walls of the two

ventrlcles, branchlng to penetrate into all parts of the ven-

t

‘trlcular musculature. The nodal’ ‘tissue, can contract like
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¥/ ' - .
muscle and it can transmit impulses like qerve:‘At regu-

lar intervals, a wave of contraction spreads from the SaA

\

node- across the walls of the atria. When this wave, of

3

k?ntraction reaches the AV node, the node is stumulated

' ahd excitatory impulses are ragidly transmitted from it to
R - ! ]

all parts of the ventricles via the bundle of branching ,

fiﬁers. These impulses stimulate the ventricles to cortract
ag’ a\unit.
\

4

Lt'is easy to see why it shouid be‘adaptively more

]

.important for the ventricles to contract as a unit. After
all, th \ventricles‘ must force blocod through a long system
of arteries, capillarieg, and veins, and hence must exert .

great'preésure on the blood. They can exert a greater

¥
\ .

force more efficiently if contraction occurs in dll parts
.at once instead of.moviné across the chamber as a wave.

, ' )
o

N
)
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DIRECTIONS

You will have fifteen minutes (15) to study
the following éagﬁage entitled "The Human Circulatory -
'System." The passage is seven (7) typewritten pages

K ' L ) ’

long.

Please read\the passage very carefelly, because
you'will be'asked to write down as much as‘you\can
remember from therpassage once you have finiéhed; LThe
final task 1s a-twenty (20) ltem multlple chclce test
'(whlch w1ll assess how well you understood and remembered

\

the information contained in the passage. .

? -

s

If you want to ask any. questions, piease raise.&our

hand and you will be assisted.-

) o PLEASE DO NOT TURN THE - BAGE

UNTIL INSTRUCTED TO DO SO.

P—e
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The Human Circulatory 100

. A
System

7

‘Every 1iving cell, whether it exists alone as a
single-celled organism or as a componénivof a multicellilar
one; must perform its own metabolic activities. Itffolloﬁs,
then, that every cell must obtain the‘nécessary raw mate-
rials to suppdrt its metabolism? It must obtain nutrients and
oxygen. Likéwise, it must rid itself of metabolic wastes
such as carbon dioxide. In fact, every cell must be exposed
to a &edium.from wﬁich it can extract raﬁ materials and
into which it can dispel.waStes.'In iarger and structurally
more complex multicellular plants and animals, the more in-
ternal cells are far from the body,éurface and from the‘
genéral environmental ﬁedium. Thus, some mechanism is needed
for transporting substances between the spécialized é&stgms
éf procurement, éynthesis, or elimination aﬁd the individual‘
living cells~throughbut the boay; The transport\system
necessary is provided by the circulatorY‘sysiem.
Mos t Higher animals hayé a true circulatory system.
‘Blood is moVed\round and round through the body along a
fairly definite path.’ This‘circulatory system usually hgs
some sort of pumping deQice called a heart. The heart
follows a one-way pumping éction usually gombined with é‘
. system of one-way valves. This pumping action carries .the
blood in a reqular fashion tﬁrough the circuit. For’higher
;nimalg,-this circu;t‘istne which is rigidly encompassed‘
,in w€ll-defined vessels..We call this a closed?circulatory'
ll&system. ™

7
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. Man, like all vertebrates hés a ciogedrcirc&laﬁory
. ’ - .
system, which consists basically of a heart.and numerous

o

‘arteries, capillaries and veins. An arterycis a blood .
vessel carrying blood away from the heart (fér exampié,
the dorsal’aorta), wﬁile the vein is a vessel carrying
blood back toward the heart (for example, the pésﬁ‘and
ipre caval veins); Capillaries, meaﬁwhile; aré tiny biood
vessels that interconnect the arteries with the veins.
Note that it is across the thin walls of the*capillaries
that most of the exchange of materials'éetween the blood

and the other tissues takes place.

Since the continiogs beating of the heart is oqg of
the moét observable aspects of the body's operaﬁion, and
since blood vessels can reaaily be seen through your skin‘
on the wrist, it may seeﬁ to you that the bésic idea of
blood circulation via the heart, arteriés and veins is-

pretty obvious. Yet it took a while befoze the idea of
the:heart as a éump was understood and accepteé. Our un-

derstanding of how our body functions started in 1628

when William Harvey, aﬁ'English-biblogist published a book

entitled Anatomical Dissertation Concerning the Motion

of the Heart and Blood. Here, Harvey clearly enunciated the

idea of circulation of blood.and outlined the basic compo-
nents of the circulatory system as we know them today. His

work ﬁot‘dnly improved knowledge of the circulatory system,
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pulmonary artery, which soon divides into two branches, one

which soon join to form large pulmbnaé§ veins running back’
. . T . B} ' ~ .o “ h

102 *

but also marked the beginning of the modern science of

, phys:.ology, the attempt to unq/rstadil.y proéesses in '

" terms of pﬁ/;1cs and chemlstry.

Let us trace the movement of blood through the human

circulatory system, beglnnlng with that returnlng to, the

"heart from the legs or arms. Returning blood enters the .

- . 3

upper right chamber of the heart, called the right atrium’

or auricle. This chamber then contracts, fércing‘the blood

L

-

through a valve into the right ventricle, the lower right

chamber of the heart. Now, this blood, having just returned

to the heart from .its circulation through tissues, contains

llttle oxygen and much carbon dioxide. It would be of 11tt1e

value to the body simply to pump this deoxygenated blood back

)

out to the general body tissues. Instead, contraction of

the right ventricle sends the hlood through a valve into the

P

14

going to each lung. |
’ .
In the lungs, the pulmonary arteries bra%Fh,into'mdhy

small arteries called arterioles, which connect with dense
' ~

beds of capillaries lying in the walls of the al'veoli. Here,

Qas exchange-takes place, carboh'dioxide~ being discharged

. from the blood 1nto the air in the alveoli and oxygen being

picked up by the hemoglobln in the red cells of the blood.
From the capillaries, the_blood passes 1nto.small velns,

\:

I

I f ’ BES
h




toward the heart from the lungs.

The movement of the blood through the circulatory
system further continues with the pulmonary vein (Refer tol
figure 3). The four pul@onarY'veins - two from each ng -
empty into the upper left chamber of the heart, call d.the
left atrium of auricle. When the left atrium contracts, it :
forces the blood through a valve into the left ventricle,-
which is thg lower chamber of theuhéart. The left ventricle,
then, is a pump for recently oxygenated blood. When it con-
tracts, it pushes the blood through a vaive into a %bry large
artery called the aorté, which. . carries blood to the tissues
of the body. ) Vo

As you can seei the pum;ing device jugt described is,
in effect,: two hearts in oﬂe, since the blood in the left

. . Y
side of a normal heart is completely. separated from blood
y .

RN
in the right side. This type of heart is known aéﬂa four
chamberea heart,‘as it cdnsists of two atrium and two ventri-
-cles, whlch are completely separated from their counterparts
by an 1nterventr1Cular septum. Thls is characterlstlc of

,mammals and birds, the two groups of vertebrates commonly —

termed "warm-blooded." These animals maintain relatively

constant high body temperatures, regardress of fluctuations

'_ in the environmental temperature. They also have high meta-

N

bolic rates and very precise internal control mechanisms.

i

Cdnstant'perfusion of the tissues with blood rich in oxygen

is clearly essential to them. It would be highly disadvan-

L

)
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tageox’to, such animals if the oxygen-rich blood rgturning
to the héart from the ptilmonary circulation were mixed
with, the oxygen-poor blood returning from theisystemic

\ . N

circulatioh, Now'let us examine the route that oxygen-

rich blood takes after it,leaves the heart.

Numerous branch arterles arise from the gorta (the
1argest artery) along its length, and these arteries carry
blood to all parts of the body For ‘example, the first
branch of the aoﬁtaqis the coronary artery, which carries
blood to the muscular wall of the heart itself. Other
early’ branches of the aorta, which arise in the reglon of

the aortic arch are the arterles that\supply the head,

neck, and arms. As the aorta runs posterlorly warterleS'to

‘the body wall, stomach, intestines, liver, pancreas, spleén,

kldneys, and the legs arise from it. Each of these arterles,
1n turn, branches into smaller arteries, until eventua%ly
ﬁhe smallest arterloles connect with the numerous tlny'
caprllarlés embedded in-the tlssues. Here, oxygen, nutri ents,b
hormones, and other substances move out of the blood .-into

the tissues. Such waste products as carbon dioxide and

! . . 2

. nitrogenous wastes are picked up by the blood, and substances

to be transported, such as hormones secreted by the tlssues,
are also picked up. The blood then runs fron the capillary
‘bed into tiny yeins,,yhighafuse to form‘larger and larger
veins, until eventually one or more large veins exit from

s v A e
. . V. ) ] t
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: - ,6
from the organ in questioﬁ and proéeed‘én their way back to
.them;éart. These veins, in turn, empty into the righ; atrium
of the ;ah;eart.

EveA\lhough the human heart is double, the two halves
beat'esantially in unison. The beating is inherent in the
heart itself and not dependent on stimulation from the central
ﬂervous system. If all the nerve connections to the heart are
cut, the heart will continﬁe £o beat in a-normal?mannerq al-
fhough the rate of beat may chénge slightly. As you probably
kpow, the heart of a frog ér-turtlg can -continue to beat after
its complete removal from the animal’'s body; if it is placed
in a solutiqn with proper osmotic goncentration. Clearly, the
initiation of the beat and the bgat itself are intrinsic pro-

perties of the heart, but the rate of beat is partly regqulated

by stimulation from two sets of nerves.

The initiation of the heartbeat normglly comes from a

small mass of tissues on the wall of the right atrium near

. ! ‘

the point where the anterior vena cava empties into it (Refer.

>

to _figure 5). This mass of tissue, called the sino-atrial, or

~ SA node, is»vefy important . A seéond.mass‘of nodai tissues
called atrio-ventricular or AV node, is located in the lower-
paré of the partition between the two atria. A bundle of nodal
tissue fibersfruns from the AV node into the walls of the two -
ventricles{ branchiﬁé ¥o penetrate into all parts of the ven-—

tricular musculature. The nodal tissue can contract like

.(x’
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muscle and it can t'ransmit impulses like nerve. At regu-
lar intervals, a wave of contraction spreads from the SA
nbde»‘-acfoss the walls of the atria. When this wave of .

. contraction reachés the AV node, &e node is stumulétéd
and excitétory impuises are rapidly- transmitted from it to
all parts of }:he ventricles via the‘\bundle of branching
fibers; These inipﬁ],ses stimulate the ventricles t6 contract

as a unit. S ' | !

v
A}

It is eaéy to see why it shépld be adaptive‘lir more
important for the ventricles to contract as a unit. After
all, the'ventri‘é'i;s gﬁs‘t force blood through a long system
of arter—(ies',‘ capillaries, and veins,' and hence m‘ﬁst exert
great pressure on th/e blood. They can exert a greater

force more éfficiently if contraction occurs in all parts

.at once instead of moving across the chamber as a wave.

t
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Please indicate with a check mark ( l/v) how

- well ‘you knew the contents of the passage before

~ you read it.
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Dear Fellow Student:

The research study you are participating in is part of
a series of four experiments un'dea;taken to answer these

following questions:

a) What relationship exists between visually read 1nfor—-

matlon and pictorial lllustratlons"

@

b) What’ relationship exists between verbally heatd in-

formation and pictorial illustrations?

-

c') Under what conditions do pictures have a fac111tat1ve

effect on learning?

d) Do picture/p‘rose conditions have differential ef-

fectiveness for readers of different abilities?

Your group was assigned to one of the four learning con-

‘ditions, with the two reading ability groups (i.e. high and

- low) equally represented in each.

The four learning conditions are:

1. The verbal information condition only (audiotaped version
2. The verbal information plus picture condition (auaiotaped-
veréion plus pictures) of the"Human Clrculatory System,

3. The printed version only of the "Human Clrculatory.. .
4. The printed version of the "Human..." plus’pictorial

illustrations.

0

-

Both an immediate and a delayed posttest are being adminis-
tered to determine how the treatments affect longer-tesrm recall

and understanding. The study can be meaningful only i/f -you paxr- |

ticipate all throughout the experimental session, especially in
today's de layed posttest. Incidentally, another purpose of

the study is to design instructional materials that will be
useful especially to lab courses at the university level. This
means that evgptually, you will bvenefit from this study'. Once

again, thank you for your cooperation and for bearing with us.

1
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Purpose of the S tudy

The general purpose of the study you participated in
was to attempt to find out if the inclusion ‘of pictures

in a‘relatively complex %ubject matter would enhance memory
and. comprehens:.on. .

Interpretation of ‘tests

°
L]
A

Nelson-Denny Vocabulary Test This test measures your
verbal ¢ ability and-.also provides an indication of how well
you learn from reading. It also provides the researcher.'
with a tool to control for the differences in reading ability
so that if the pictures have an effect on learning, then it

can be assumed that the pictures account for the effect,
and not some other influence. d

Math Quiz The short math quiz you received was not
designed to assess your arithmetical skills. Rather, its
purpose was to reduce the effects of short-term memory so
that we coluld better measure your long-term verbal memory.

‘Free Recall This test is used to collect both quan- &
titative ‘and qualitative 1nformat10n stored J.n your long-
term memoi':y.

]
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