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ABSTRACT
In nore than twenty studies, Dwer explored the effect of « visuals » by
followi ng essentially the same experinmental procedure. These studies figure
prom nently anong picto-verbal research. Unfortunately, his own across-studies
synthesis was limted to a mainly qualitative-interpretative approach. In the
present neta-anal ytic study, we use principal component analysis, whichis a
factor analysis, as a statistical synthesis method to reduce the four tests of
Dwyer’s | earning objectives to nore fundanental factors of |earning, followed
by anal yses of variance. Qur neta-analysis of Dwer’s experinents does not
confirm Dwyer’'s central hypothesis concerning pictorial realism

Illustration's effect on text conprehension has been the subject of
nunerous enpirical studies (see the reviews of Readence & Mdore, 1981
Levie & Lentz, 1982; Goldsnith, 1984; Houghton & WIIlows, 1987; WII| ows
& Hought on, 1987; Reinwein, forthcom ng). Some of these studies focussed
nore specifically on the effect of pictorial realismon text, oral or
witten. The pictorial-realismliterature reveals that the concept of
pictorial realismis not limted to a single dinmension (e.g., literal /
concrete vs. anal ogous / abstract pictures: Jagodzi nska, 1976; Hurt,
1987; McAlister, 1991; Smith & Smith, 1991; pictures representing
details vs. nmain ideas: Koenke & Qtto, 1969; Haring & Fry, 1979;
Hannafin, 1983; WAddill, MDaniel & Einstein, 1988; two-di mensional vs.
stereogram pi ctures: Burdick, 1959; Reid, Briggs & Beveridge, 1983;

phot ographs / drawings vs. film Denis & Pouqueville, 1976; color vs.

bl ack- and-whi te: Katzman & Nuyenhuis, 1972; Kosky, 1975; Thonmas, 1978;
Chute, 1980; Reid, Briggs & Beveridge, 1983; see also the reviews by
Lanberski & Robert, 1979 and by Dwyer & Lamberski, 1982). Certain
researchers, and specially Dwer, consider pictorial realismto be
representable as a continuum with the nobst true-to-life illustrations
at one end (i.e. color photographs) and sinple |line drawi ngs in black
and white at the other.
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Dwyer's studies figure pronminently anbng picto-verbal research, as much
chronol ogically as quantitatively (see Table 2). To be added to this
list are doctoral theses that have been witten under his guidance
(Wheel barger, 1970; Parkhurst, 1974; Joseph, 1978; de Mel o, 1980;
Lanberski, 1980) and the articles he has witten in collaboration wth
ot hers (Lanmberski & Dwyer, 1983; Parkhurst & Dwyer, 1983).

Dwyer's studies also stand out in picto-verbal research for another
reason: The studies conpare as nany as eight levels of pictorial realism
within each study. Starting in 1967, Dwer spent al nost two decades
exam ning the effect of pictorial realismon different conprehension and
vocabul ary neasures. Sonetinmes he used attitudi nal neasures and, as a
control measure, study tine. In his experiments, Dwer followed
essentially the same experinmental procedure, used the same experinenta
material and tested his hypotheses using the sane basic measures

t hroughout. Hi's research included up to nine experinmental versions

anal yzed by neans of five dependent conprehension and vocabul ary
neasures coming from four posttests, including in sone cases repeated
nmeasures on the delay variable (i mediate vs. delayed posttests). In

t hese studies, there were up to 360 binary statistical conparisons,
presented sonmetimes by neans of 10 separate one-way anal yses of
variance. As a consequence, the inplications of these conparisons are
not al ways easy to understand. The situation becones even nore
conplicated when trying to do a cross-studies synthesis of results.
Dwyer's (1972b, 1978) own across-studies synthesis was limted to a
mainly qualitative-interpretative approach (cf. Method). This should not
be so. W think that statistical across-studies synthesis by nmeans of
net a-analysis is possible -- even desirable. It is our contention that
gi ven the honogeneous character of his experinments and the abundance of
nmeasures within each of them nmeta-analysis of his data can be done
usi ng cl assi cal nmethods of statistical synthesis, i.e. factor analysis.

Met hod

Description of Dwer's studies

In his studies on pictorial realism Dwer varied the pictorial materia
according to two paraneters, i.e. the degree of pictorial realismfrom
simple line drawings to realistic photographs and the presence and
absence of color. (Factorial conbination of these paraneters allows

di stinctions to be drawn between pictorial realismand col or-induced
effects and the realismcolor interaction; this was not possible at the
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time where Dwyer used one-way anal yses of variance.)

Dwyer's linguistic material consisted of a text of approximtely 2000
wor ds describing the parts and functions of the hunan heart as well as
about forty illustrations (or « visuals ») each corresponding to a
passage. Depending on the experinment in question, the text was
acconpani ed either by three (ex. Dwer 1968c), four (ex. Dwyer, 1968e)
or eight different illustrated experinental versions (ex. Dwer 1967c),
all of which were normally conpared to a non-illustrated experimental
version. In Table 1, we have indicated the nature of the nine versions
used in Dwer (1967c) which span the entire pictorial continuum (see
Appendi x A for a sanple of the visuals used).

Table 1
Dwer's control and experinental versions (e.g., 1967c)

Version 1: Text without visuals of the heart (control)

Version 2: Text and sinple line drawings of the heart (black & white)
Version 3: Text and sinple line drawi ngs of the heart (col oured)

Version 4: Text and detail ed, shaded drawi ngs of the heart (black & white)
Version 5: Text and detail ed, shaded drawi ngs of the heart (col oured)
Version 6: Text and photographs of a heart nodel (black & white)

Version 7: Text and phot ographs of a heart nodel (col oured)

Version 8: Text and realistic photographs of the heart (black & white)
Version 9: Text and realistic photographs of the heart (col oured)

The text was presented either in listening node (ex. 1967a) or in
readi ng node (ex. 1967b). In the listening node, the text was delivered
via a recording and the illustrations were projected onto a screen using
slides. The subjects were thus obliged to follow at a set rhythm In the
readi ng node, the subjects worked at their own pace as both the text and
the illustrations were provided in the formof a booklet. In sone
studi es (ex. 1972a), supplenentary conprehensi on questi ons were inserted
at strategic points in the text in order to focus subject's attention on
the data. In all of Dwyer's studies, four posttests identified by Dwer
as drawi ng, identification, term nol ogy andconprehensi on tests were
adm ni stered i medi ately after the text presentation. In one of them
(Dwyer, 1967c), the tests were repeated a second time one nonth |ater

e ldentification test: This test was intended to nmeasure S's ability to
identify nunmbered parts on a detail ed, shaded drawi ng of the heart
(see Appendi x B)

e Terminology test: This test was intended to eval uate know edge of
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referents for specific synbols (see Appendix C).

e Drawing test:
specific locations of the parts of the heart

This test was intended to evaluate S's |earning of
(see Appendix D).

» Conprehension test: This test
of the heart (its parts and its internal

was i ntended to neasure understanding
functions) (see Appendix E).

According to Dwer,
« types of educational objectives ».
neasures, the fifth being the total

the four tests corresponded to four different
They provided Dwer with five
score of the four

Table 2 summarizes the main characteristics of Dwer's studies.

previ ous neasur es.

Table 2
Mai n characteristics of Dwer's studies

ARTI CLE SUJIBECTS EXPERI MENTAL VERSI ONS 4 POSTTESTS
Year of Degr ee Tot al Type of Bl ack & Noni I'I. Oal / Questions I mediate (1)
publ i - vi sual Whi t e( BW version witten inserted / del ayed (D)
cation / Col or (C t ext in text

1967a* uni versity 4 S, D R BW yes oral no I

1967b* uni versity 4 S, D R BW yes witten no ]

1967c* sec. 9-12 9 S b M R BW C yes oral no I, D

1968a sec. 10 9 S b M R BW C yes oral no I, D

1968b uni versity 9 SS Db M R BW C yes witten no I

1968c sec. 9 5 S D R BW yes witten no I, D

1968d sec. 11 9 SS Db M R BW C yes oral no I, D

1968e* uni versity 5 SS Db M R BW yes oral no I

1969a sec. 10 9 S b MR BW C yes oral no I, D

1969b university 4 S, D R BW yes witten yes ]

1970a university 5 S, b M R BW yes oral no ]

1970c* uni versity 5 S, b M R BW yes oral no ]

1971a university 9 S, b M R BW C yes witten yes ]

1971b* university 9 S, b M R BW C yes oral no ]

1971c university 9 S, b M R BW C yes witten yes ]

1971d university 9 S, b M R BW C yes witten no ]

1971e university 9 S, b M R BW C yes witten yes ]

1971f university 9 S, b M R BW C yes oral no ]

1972a* university 9 S, b M R BW C yes witten yes ]

1975* university 9 S, b M R BW C yes witten yes ]

1976* university 8 SS D M R BW C no oral no ]
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Note. Studies marked with an asterix a used in the neta-analysis (cf. Table 3). Type of visual: S = sinple
line drawi ng; D = detail ed, shaded drawi ng; M = nodel photograph; R = realistic photograph.

In the interest of group honmbgeneity, subjects were randomy assigned to
the different experimental test versions in nobst of Dwyer's studies.
Thi s honmpbgeneneity was al so tested with a so-called physiol ogy pre-test.
Once treatment honopgeneity was ascertai ned, Dwyer conpared the different
experimental versions using a one-way anal ysis of variance for each of
the five dependent neasures and post-hoc tests. So it was that with nine
versi ons Dwyer obtained as many as 180 statistical conparisons for

i mediate testing (36 x 5) and, if applicable, the same anount for

del ayed testing. Unfortunately, the inpressive nunber of conparisons is
a major obstacle to the understanding of what is really neant and it
conpl i cat es between-study synthesis, even with the addition of a fifth
and supposedly synthetic neasure (i.e. total score). Note that three of
the four posttests are highly correlated (cf. Table 4) and as a
consequence, the |earning objective associated with the fourth test is
m srepresented in the total score.

In order to avoid the two extrenme sol utions which | ead, on the one hand,
to an over-abundance of neasures and, on the other hand, to a

nm srepresentative conposite neasure, we will use principal conponent
anal ysis, which is a factor analysis, as a statistical synthesis nethod
to reduce the four tests to nore fundanental factors of [|earning,

foll owed by anal yses of variance. This methodol ogy will provide
generalizable statistical results that reach beyond the limts of the

i ndi vidual studies. In so doing, we get a better overall picture than
with an exclusively qualitative approach (Dwer, 1970b, 1972b, 1978).

In his 1967c study, one of Dwyer’'s « specific objectives » was to

« deternmine at what point further increases of realismin visua
illustrations fail to produce significant differences» (p. 3). This
formul ati on suggests the existence of a nmain effect, the nore realistic
vi sual s being the nore effective ones. A few years after that study, and
despite the nmany studi es done during that period, Dwer seens hardly
certain of the interpretation of his results (« The realism continuum

for visual illustrations is not an effective predictor of |earning
efficiency for all types of educational objectives [...]. An increase in
the amobunt of realistic detail contained in an illustration will not

produce a corresponding i ncrease in the anount of information a student
will assimlate fromit » (Dwer, 1972b, p. 90). As expressed, that
observation, along with other conclusions of the author (Dwer, 1972b
p. 89-90), suggests the existence of various interactional effects
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bet ween the maj or i ndependent and dépendent variables used in his
studi es. The present meta-analysis ainms at summari zi ng the experi nment al
data in light of Dwer’s « specific conclusions ».

Met a- anal ysis of Dwyer's studies

To begin, we have selected all studies in which Dwer provides the nean
results for each experinental group (i. e. the illustrated-text
versions) and its control groups (i.e. the non-illustrated version of
the sane text) for the identification, draw ng, conprehension and
term nol ogy tests (1967a, 1967b, 1967c, 1968e, 1970c, 1971b, 1972a,
1975, 1976). These studies are narked with an asterix in Table 2.
Dwer's (1968a, 1968d, 1969a) articles each describe a part of his
(1967c) report.

We are particularly interested in the average raw scores on the four
tests. Wth the exception of three studies, Dwer checked the
honogenei ty between groups by pre-testing the subjects on previously
acqui red physi ol ogi cal know edge. The groups were statistically
equivalent. In the three other studies, our own statistical analysis of
t he previ ous know edge of the experimental and control groups reveals
that they are indeed statistically equivalent. There is no significant
rel ati onship between the results of the physiology pre-test and the
degree of realismof the illustrations (F = 0.55, df = 3,27; p = 0.65)
or with the presence of color (F = 0.86, df = 2,27, p = 0.43). That is
why our analysis is based on the mean raw scores for the four tests
provi ded by the 123 i ndependent experimental groups. Qur database
actual ly includes 159 groups, if we take into consideration the fact
that the (1967c) study enpl oys del ayed posttests which added 36 nore
neasures to those obtained fromimredi ate posttests.

In Dwer's studi es the average nunber of subjects per group is 27.5 (SD
= 7.65). Half of the groups have a nunber of subjects ranging from22 to
30. Varying between 36 and 62 subjects, the size of the four

experinmental and control groups fromthe (1968e) and (1970c) experinents
was above average. The snallest groups are found in Dwer (1976): they
ranged between 11 and 33 subjects. Setting aside the two groups nmade up
of 11 and 14 subjects, the average group results were all based on at

| east fifteen subjects. In accordance with the Central Linmt Theorem

whi ch states that averages calculated frommnore than fifteen
observations are nornally distributed, the per-group results can

t herefore, be considered a normal variable fromthe very outset of the
st udy.
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The characteristics of the 123 i ndependent groups are shown in Table 3.
The varying experinmental conditions linmt which hypotheses can be
tested. Accordingly, a conparison of inmrediate and del ayed posttest
results can only be done for the secondary school |evel results. The

i nportance of the nbde of text presentation (witten, oral) can only be
examned with regards to university subjects.
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Table 3
Characterization of the 123 experinental and control groups used in
Dwer's studies (only those marked with an asterix in Table 2)

Secondary Uni versity
9th 10th 11th 12th 87
9 9 9 9
Type of visual Type of visua
S D M R N S D M R
8 8 8 8 4 20 20 18 20 9
Bl ack & white Bl ack & white
(BW [/ Color (BW [/ Color
(O (O
BW C BW C
16 16 46 32
oral text oral text witten text
36 47 40
guesti ons guesti ons
in text: in text:
yes no yes no
5 42 36 4

Note. Type of visual (i.e. experinmental groups): S = sinple line
drawi ng; D = detail ed, shaded drawi ng; M = nodel photograph; R =
realistic photograph. N = non-illustrated version (i.e. control group).

The secondary school results all originate fromthe sane study (Dwer,
1967c) even if data fromthat study are al so used el sewhere (Dwyer,
1968a, 1968d, 1969a; see Table 2). In one experinent (Dwyer, 1967c) do
the subjects take the posttest twice, imediately after the experinent
and again one nonth [ater. Each of the four secondary school |evels has
ni ne groups. The students, in this case, are randomy assigned either a
control treatnment (N) or one of the eight experinental treatnents (S-BW
SC DBW DC, MBW MC RBW RC. Al of the subjects listened to
the recorded text and exam ned the illustrations which were projected
fromslides. This study of 36 independent and tw ce-tested groups
resulted in a total of 72 sets of results per test. It is therefore
possi bl e, at l|east at the secondary school |evel, to simnultaneously
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evaluate the main effects of Pictorial realism (S, Db M R), Color (BW
C), Delay between the experinental treatment and the tests (I, D) and
their interactions (Pictorial realismx Color, Pictorial realismx

Del ay, Color x Delay). Further analysis using contrastive variance can
then highlight the relations between the four control groups and the 32
experi mental groups.

The university results originate fromeight studies. In Dwer's earlier
studies, the illustrations were provided only in black and white. As a
result, a npjority of groups were shown the illustrations in black and
white (46 versus 32). Sinmilarly, the level of realismas incarnated by
phot ogr aphed pl aster nodels was | ess frequent (M= 18) than the other
levels of realism (S, Db R = 20 each). Witten text (40) is enpl oyed
slightly Iess than oral text (47). These distinctions do not however go
beyond acceptable Iimts. Mirre critical is the possibility of confusing
the effects of the text-presentation node with the effects of text-

i nserted questions: in the reading node, 36 groups faced inserted
guesti ons whereas four did not. In the Iistening node, it’'s the
opposite: five groups faced inserted questions while fourty-two did not.
Thus, at the university level, it is possible to verify the effects of
the I evel of realismand color as well as the interaction between these
two variables, while sinmultaneously verifying the inportance of text-
presentati on nodes on the performance of the 68 experinental groups,
again using three-way analysis of variance. Further analysis using
contrastive variance can highlight the relationships between the nine
control groups and the 68 experinmental groups.

RESULTS

Dwyer obtains at least five neasures in each study, i.e. four sets of
results fromthe identification, drawi ng, term nology and conprehensi on
tests and an overall score which is calcul ated by conbining the results
of the aforenentioned tests. Such an analysis is rather |aborious to
perform and prevents reaching an adequate synthesis of results. As can
be seen in Table 4, indeed, there are significant correlations between
the four posttests, ranging fromr = .73 tor = .92. It can also be seen
that the conprehension test is not as closely related to the three other
tests, which nmeans that it probes sone other type of know edge.
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Table 4
Pearson’s correl ation between the four posttests cal cul ated
on 159 groups (all correlations p < 0.0001)

Ter m nol ogy Dr awi ng Conpr ehensi on
Identification 0.92 0. 89 0.76
Ter m nol ogy - 0.82 0.79
Dr awi ng - - 0.73

Princi pal conponent analysis: the transformati on of posttest scores into
factor scores

These facts lead us to reject working with the four nmeasures and their
sum it appears nore practical and useful to work with the two conposite
variables identified by the factorial nethod of principal conponents. In
doing so, we are able to re-classify the 159 groups in relation to two
factors and then eval uate the various basic hypotheses with the hel p of
anal yses of variance. In other words, two different factors replace the
original four neasures and their sum

Table 5 shows the principal conponents derived and rotated with the
Vari max Method, from correl ations drawn between the draw ng,
identification, term nology and conprehension tests which have all owed
us to identify the two principal factors behind them

Table 5
Princi pal conponents extracted fromcorrel ati ons between the four tests
rotated with the Varimax Method (159 groups)

Test Factor 1 Factor 2
I dentification 0.88 0.43
Dr awi ng 0.88 0. 38
Ter m nol ogy 0.79 0.53
Conpr ehensi on 0.43 0. 90

The first factor explained 59% of the total variance. The phenonena
underlying Factor 1 are related above all to the Identification (r =
0.88), Drawing (r = 0,88), and Termi nology tests (r = 0.79). Upon

exam nation of the particularities of these tests (see Discussion), we
will call it the Vocabulary factor. The second factor presented in Table
5 can be used to explain 35%of the total variance, which makes it
somewhat | ess inmportant in the explanation of the total variance. This

10
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factor is principally linked to the conprehension test (r = .90) and, to
a lesser extent, to the term nol ogy test (r .53). W will call it the
t ext - conprehensi on factor or, nore briefly, the Conprehension factor

Factor 1 and Factor 2 scores represent the starting point of our neta-
anal ytic approach and allow us to verify the various hypot heses rai sed
in Dwer's studies.

Dwyer's total score is actually a conposite variabl e obtained by using
the follow ng formul a:

Total score = 1*Y1+1*Yo+1*Y3+1*Yy

wher e: Y1l is the raw score of the identification test;
Y2 is the raw score of the drawi ng test;

Y3 is the raw score of the term nol ogy test;
Y4 is the raw score of the conprehension test.

Factorial scores are calculated by principal conponents:

Factor 1 score = 0.57419*Y1+0. 64300* Y2+0. 30990* Y3- 0. 72669* Y4
Factor 2 score =-0.31033*Y1-0.42017*Y2+0. 04157*Y3+1. 41281* Yy

wher e: Y1 is the standardi zed score of the identification test;
Y2 is the standardi zed score of the draw ng test;
Y3 is the standardi zed score of the term nol ogy test;
Y4 is the standardi zed score of the conprehension test.

One of the advantages of the factor scores, as conpared to Dwer's

gl obal scores, is that they allow the results of all four tests to be
expressed in the same unit of neasure. As previously noted, Dwer adds
drawi ng and conprehensi on scores, which can reach maxi nuns of 18, to
identification and term nol ogy scores, for which maxi mum scores of 20
can be attained. However, the main advantage of factor scores stens from
the distinction that they allow to be nmade between the contribution of
Factor 1, the Vocabulary factor, and Factor 2, the Conprehension factor

In order to conmpensate for varying experinmental conditions, we re-
di vided the 159 groups into four different categories (secondary schoo
students X i mredi ate tests; secondary school students X del ayed tests;

11
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university students X witten text; university students X oral text).

In Table 6, the original scores fromthe four posttests as well as the
factor scores are presented separately for each of the four categories.

12
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Table 6

and the two factor scores

posttest scores

Measur e Degr ee Condi tion Mean SD N

Dr awi ng secondary del ayed 8. 20 1.87 36
secondary i mediate 9.32 2.44 36

uni versity oral 12.10 1.70 47

university witten 12. 65 2.13 49

Identification secondary delayed 8. 85 1.48 36
secondary i mmediate 9. 60 1.73 36

uni versity oral 13.19 1.68 47

university witten 14. 27 1.72 49

Ter m nol ogy secondary del ayed 7.86 1.86 36
secondary i mmediate 8.12 1.95 36

uni versity oral 12. 30 1.55 47

university witten 14. 74 2.07 40

Conpr ehensi on secondary del ayed 7.13 1.22 36
secondary i mmediate 11. 06 1.85 36

uni versity oral 11. 07 1.61 47

university witten 13. 42 1.93 40

Factor 1 secondary del ayed -0.49 0.62 36
secondary i mmediate -1.09 0.79 36

uni versity oral 0. 67 0.58 47

university witten 0.63 0.70 40

Factor 2 secondary del ayed -1.20 0.44 36
secondary i mmediate 0. 56 0.74 36

uni versity oral -0.20 0. 65 47

university witten 0.82 0.72 40

Ceneral | y speaki ng, secondary school students have results inferior to

t hose of wuniversity students, except on the i medi ate conprehension test
in which their results are equal to those of university students in the
listening node. At the secondary level, the delay effect (immediate
versus del ayed testing) can be detected in the |esser results on three
of the tests: conprehension, drawi ng and identification
conprehension test results are higher than other i mediate test results,
and conparable to the university |evel results, whereas del ayed-
conprehensi on test results conpare unfavourably to other test results,
which is difficult to understand. The text presentati on node influences
test results at the university level: the witten text gives higher test
scores for all the tests, and in particular in the conprehension and
term nol ogy tests.

| medi at e

t est

13
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Non-illustrated versus illustrated text versions
The conpari sons between the non-illustrated text version (control group)
and the illustrated text versions as a whole (experimental groups)

t hrough the analysis of the Vocabulary factor (Factor 1) and the
Conpr ehensi on factor (Factor 2) indicate the follow ng overall results.

Vocabul ary (Factor 1)

The difference between the non-illustrated test version, on the one
hand, and the illustrated test versions, on the other, reveals a highly
significant contrast both at the secondary school |evel (F = 20.63, df =
1 and 75, p = .0001) where it accounts for 17.3%of the total variation
of Factor 1 and at the university level (F = 21.60, df= 1 and 82, p =
.0001) where it accounts for 21.7%of the total variation. At both

levels, the illustrated test versions produce better overall results
than those obtained with the non-illustrated text version (see Tables 7
and 8). Cearly, the presence of illustrations has a positive effect on

subj ects' |earning of vocabul ary.

Text conprehensi on (Factor 2)

The difference between the non-illustrated and illustrated test versions
i s nonsignificant at the secondary school level (F = 0.06, df= 1 and 75,
p = .8143) and at the university level (F = 3.59, df = 1 and 32, p=
.0617). This is to say that Dwyer's illustrations do not have
significant impact on the subjects' conprehension of text.

Conparisons of illustrated text versions (Pictorial realismand Col or)

The conpari sons between the illustrated text versions (Pictorial realism
and Col or) indicate the follow ng overall results.

Vocabul ary (Factor 1)

At the secondary |evel, the global nmodel is significant (F = 1.95, df =
12 and 51, p = .0115). It explains 37%of the total variation. O the
two vari abl es of principal concern, Pictorial realismand Color, only
the former is significant (F = 3.23, df = 3, p = .0299). On the other
hand, the Delay variable has a highly significant influence on the
Vocabul ary factor (F = 14.03, df = 1, p = .0005) and accounts for 17% of
test score variability: after a one-nonth delay, test score results
decl i ne.

14
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The pattern of inprovenent of test scores in relation to the degree of
realismis sonewhat cloudy. Looking at Table 7, it can be seen that the
best results are associated with detailed drawi ngs and that the worst
results are attributed to the realistic photographs. Between these two
extremes, the marginal differences obtained for the different degrees of
realismdo not allow us to determine a ranking for success.

Table 7
Conparison of illustrated and non-illustrated text versions (LSD
nmultiple T) with Factor 1 as dependent variabl e: secondary |eve
subj ects
T Grouping Mean N VI SUAL
A - 0.350 16 detai | ed
B A - 0.541 16 sinpl e
B A - 0.857 16 nodel
B - 0.900 16 realistic
C - 1.794 16 absent

Note. Different letters identify significant differences

At the university level, the general nodel (incorporating the oral and
witten nbde of text presentation) is highly significant (F = 3.30, df =
12 and 65, p = .0009). It accounts for 38% of score variation. Factor 1
scores are subject to a highly significant influence fromPictoria
realism(F = 9.56, df = 3, p = .0001). This factor accounts for 27% of
the variability. As can be seen in Table 8, the sinplified draw ngs | ead
nore to success. Next are the precise drawi ngs and nodel photographs,
which give statistically conparable results. As for the realistic

phot ographs, they result in the poorest test score results anong the
illustrated text versions.
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Table 8
Conparison of Illustrated and Non-illustrated versions (LSD, nmultiple T)
with Factor 1 as dependent variable: university |evel subjects
T Groupi ng Mean N VI SUAL
A 1.126 20 sinmpl e
B 0. 753 20 detail ed
B 0.723 18 nodel
C 0. 359 20 realistic
D -0.118 9 absent

Note. Different letters identify significant differences

Col or also has a substantial effect on vocabul ary |earning, accounting
for 9% of the variability of this factor (F = 9.04, df =1, p = .0038).

Al two-way interactions are nonsignificant.

Text Conpr ehensi on (Factor 2)

At the secondary school |evel, the general nodel shows a highly
significant effect (F = 9.37, df = 12 and 51, p = .0001). This effect,
however, must be attributed to the Delay variable (F = 106.93, df =1, p
= .0001), and not to Pictorial realism(F < 1, df =3) or Color (F <1
df = 1) which concern us nost. Delay accounts for 65% of the variability
whereas Pictorial realismand Color account for no nore than 2%

At the university level, the general npbdel also exhibits a highly
significant influence on text conprehension (F = 5.61, df = 12 and 65, p
= .0001) and accounts for 50% of its variability. As with the Secondary
School level, however, the effect is to be attributed to the text-
presentation node rather than to the pictorial variables which concern
us most (Pictorial realism F =1, df =3, ns; Color: F =2.91, df =1,
ns). The node of presentation has a highly significant effect (F =
45.06, df = 1, p = .0001) and accounts for 34% of total score
variability. Witten text (s = 0.773) is markedly better-understood than
oral text (s = -0.249). Pictorial realismand Col or account for a mere
4.25% of total score variability.

Al two-way interactions are nonsignificant.

Di scussi on
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As has been shown, it is possible to re-analyze Dwer's results by neans
of principal conponents analysis, allowi ng us to reduce his posttest
results to two factors accounting, respectively, for 59% (Factor 1) and
35% (Factor 2) of the total variance shared. The first factor is nost
closely associated with the identification, drawi ng and terninol ogy
tests whereas the second factor is nbst closely associated with the
conprehension test and, to a | esser degree, with the term nol ogy test.
The crucial question is then knowi ng how these two factors should be
interpreted. In other words, the nonent has conme for us to justify our
practice concerning paraphrasing Factor 1 as Vocabul ary | earning factor
and Factor 2 as Text-conprehension factor.

A qualitative-hermeneutic analysis of the characteristics shared (or not
shared) by the four posttests is the key to this problem This neans
that, with regards to Factor 1, it is a matter of discovering the
characteristic that the identification, drawing and termn nol ogy tests
all have in comopn and which is absent (or al nost absent) fromthe
conprehension test. As for Factor 2, it is a matter of identifying a
characteristic inherent in the conprehension test - and to a | esser
degree in the termnology test - which is absent (or al nbst absent) from
the drawing and identification tests. Table 9 provides a partial answer
to this question. For a randomy selected number of terns used in the
four posttests, it indicates the nunber of tines each termis used in
the three nmultiple-choice posttests as a target or as a distractor item
(see al so Appendices C - E). The average number of words per question is
al so indicated as a potentially useful indicator: upper-|evel questions
(i.e. text conprehension) should be |onger than | ower-|evel questions
(i.e. vocabul ary).

Table 9
Cccurrences of terms(randomy selected) used as target items or distractor
items in the four posttests

MULTI PLE CHO CE
TERM DRAW NG | DENTI FI CATI ON TERM NOLOGY  COVPREHENSI ON
(target) (target and (target and (target and
di stractors) di stractors) di stractors)
apex yes 2 2 -
endocar di um yes 7 6 -
epi car di um yes 4 4 -
left ventricle yes 3 3 -
nmyocar di um yes 7 6 -
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peri cardi um no 7 3 -
right ventricle no 4 2 -
septum yes 4 7 -
WORDS* PER 1.8 1.7 1.7 3.2
QUESTI ON

* Graphic sequence delimted by blanks (e.g., "left ventricle" = 2 words).

As indicated by the number of occurrences, a given termis proposed as a
possi bl e answer in each of the two multiple-choice tests, the
identification and the ternminology tests - but not in the conprehension
test. They draw essentially upon the same factual know edge. Even if
Tabl e 9 does not present an exhaustive list, one can see the conceptua
proximty of the identification test and the term nology test: response
terms used in one of themare also used in the other, and approximately
t he sane nunber of times. The fact that none of these response terns are
present in the conprehension test as well as the average number of words
per response-item both indicate well the existing dichotony we
tentatively termed Vocabul ary and Text Conprehensi on. The average numnber
of words in the conprehension test, which is twice as nany as the
average nunber in the two other multiple-choice tests, would even be
nore if there were not some vocabul ary-like questions anbng the twenty
guestions (as an exanple see response item 1 in Appendix E)

Wth regards to the drawi ng test (see Appendi x B) we believe that,
conceptual |y speaking, it is a vocabulary test too: its target
vocabul ary is alnbst identical to that used in the identification and
term nol ogy tests.

Both correlational series in Table 5 reflect this observed genera
di chotony: Factor 1 is strongly correlated to Dwer's identification
drawi ng and terni nol ogy tests and Factor 2, to his conprehension test.

The interpretation of Factor 2 as equivalent to a text-conprehension
factor seens to us quite straightforward. W think, in fact, that Factor
2 can be explained by the varying degree of the subjects' use of upper-
| evel verbal processes inplied by the four posttests. The
identification, term nology and drawing tests, all of which are weakly
correlated to Factor 2, enphasize | ower-|evel processes. Dwer's so-
cal l ed conprehension test is the only one strongly correlated with
Factor 2 (r = .90) and for this reason its nam ng seens to us
particularly appropriate: its the only test which inplies a deeper
semanti c processing of larger textual units. Indeed, the conprehension

18




Reinwein et Huberdeau (1998). A second look at Dwyer's studies ...

test elicits information in such a way so as that the nere recall of
terms and / or their spatial relationship to other ternms, while
remaining a pre-requisite, will not suffice. Conprehension questions
about the function of the different parts of the heart inply a nore
prof ound understandi ng of the text than the nere spatial identification
of some terms (drawing, identification) or their verbal paraphrase
(terminology). In the drawing test, which is |least correlated with
Factor 2 (r = .38), the instruction to draw a picture and to spatially
locate a list of terns does not allow for the verification of the

subj ects' text conprehension or their deeper semantic processing of the
terns listed. This is also true for the identification test (r = .43):
an instruction such as "Arrow nunmber __ points to the ___ " only
establishes a neta-linguistic |ink between the verbal and pictoria
parts of each multiple-choice itemand does not contain semantically

el aborated cues related to the experinental text. The terni nol ogy test
isalittle bit nmore strongly correlated with Factor 2 (r = .53). To
give the correct answer to multiple-choice questions such as " _? is
(are) the thick walled chanber's of the heart", one needs to be able to
understand and to paraphrase larger units of text.

Wth regards to Factor 1, which we have tentatively called the
Vocabul ary factor, this identification is probably too general and has

to be restricted to a certain type of vocabulary -- that is concrete,
pictorially representabl e vocabul ary. Possibly Factor 1 should even be
under st ood as an even nore specific concept, i.e. as a factor which

reflects concrete, spatially-representable and actual pictorially test-
represented vocabul ary. | ndeed, Factor 1 appears closely related to the
fact that three tests out of four conbine verbal and pictorial elenents
in sone way or another. Only Dwer's conprehension test is
conceptual i zed using exclusively verbal elenents and without naking
reference to pictorially-represented informati on. The draw ng test
requires the students thenselves to produce a drawing of the heart as a
prelimnary step. They nust then spatially locate the targeted
vocabul ary on the sheet of paper. The pictorial representation of the
vocabul ary is not externally inmposed by the drawi ng test. The draw ng of
the heart and the spatial identification of the targeted vocabul ary can
both take advantage of the pictorial conponent of the identification
test, given their conceptual proximty as shown in Table 9. The sane
expl anation is valuable in the case of the ternminology test. Despite its
apparent |ack of any pictorial elenments, the termnology test is closely
related to the identification test. As a consequence, the pictoria
conponent of the identification test facilitates the subjects' answers
both to the term nol ogy and the drawi ng test which, for this reason
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nust be considered as being illustrated tests as well (in the sense of
external ly inposed pictures). The canonical order of Dwyer's four tests,
all presented in the sanme test booklet, is the follow ng: the draw ng,
identification, term nology and conprehension tests. Wth all four tests
bei ng part of the sane booklet, regressions seem possible: the subjects
respect of the suggested chronol ogi cal order was not really
experinmentally controlled. So, given the conceptual proximty of the
three tests, we suppose that the presence of a picture in one of them
i.e. the identification test (in which its presence is in fact

i ndi spensabl e), hel ps subjects to answer also the two other tests. This
explanation also fits well with the fact that the correlation
coefficient between the term nology test and Factor 1 is sonewhat weaker
(r=.79) than in the case of the other two tests (both r=.88): the

par aphrasi ng task of the term nol ogy test seens |less pictorially-
dependent, conparatively speaking.

If our interpretation of Factor 1 as pictorially-dependent vocabul ary
test is correct, the enpirical and theoretical relevance of results
related to this factor unfortunately is weakened because of the
systemati c experinental bias introduced by the presence of pictures in
the test itself. The conparison between the illustrated and

nonil lustrated text versions being nade by neans of illustrated
posttests instead of nonillustrated ones, the subjects having seen
previously the illustrated text version are iniquitously privileged.
The reason for this is that, cognitively speaking, w thin-nodal
conparisons result in better success rates than between-nodal
conparisons. | n numerous experimnments, between-nodal conparisons (e.qg.
word - picture) and within-nodal conparisons (e.g. word - word, picture
- picture) are shown to produce significantly different results, the
|atter being considered in nost cases as the cognitively | ess demandi ng
task (see reviews of Snodgrass, 1980; Cark & Paivio, 1987; Roediger &
Wel don, 1987; d aser, 1992). According to the "encoding specificity
principle" (Tulving & Thomson, 1973), recall of pictorial items is
favored by the presentation of pictorial test-itens and recall of verba
items, by the presentation of verbal test-items. So, in Dwyer's studies
the superiority of the illustrated-text subjects' vocabulary | earning
scores could sinmply reflect a text-test interactional effect, the word-
pi cture-conpari son task being a nore denandi ng task than a picture-

pi cture-conpari son task. Because of the presence of a picture in the
test itself, the illustrated-text subjects could sonetinmes use picture -
pi cture conpari sons whereas the non-illustrated-text subjects were
obliged to use only text-picture conparisons.
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To conclude this point: In order to denonstrate unequivocally the
superiority of illustrated text versions over the non-illustrated text
versi on, you would have to use non-illustrated tests, not illustrated
ones. The information tested should not be picture-dependent either

Only Dwyer's Conprehension test satisfies this condition. As previously
shown, when Factor 2, which is highly related to Dwer's conprehension
test, was used as the dependent neasure, all pictorial main effects and
their interactions become nonsignificant.

Wth this interpretation of both factors in mnd, |let us sunmarize the
maj or concl usi ons of our neta-anal ysis.

Concl usions with respect to vocabulary | earning (Factor 1)

Conclusion 1: Adding illustrations to the text has a positive
significant inpact.

Conclusion 2: Realistic pictures acconpanying the text are significantly
| ess effective than abstract ones.

Concl usion 3: The use of color in pictures has a significantly
beneficial effect with university students but no effect with secondary
school students.

Concl usion 4: The degree of pictorial realism(i.e. sinple |line draw ng,
detail ed drawi ng, photograph of a nmodel, realistic photograph) does not
interact significantly with the presence or absence of color, nor does
either variable interact significantly with the presentation node of the
text (oral, witten) or the test delay (i mediate test, delayed test).

Conclusion with respect to text conprehension (Factor 2)

Conclusion 5: Al main effects and all interactional effects are
nonsi gni ficant (cf. conclusions 1-4).

Concerning main effects, there is a profound dichotonmy between Factor 1
and Factor 2 results: the absence and presence of pictures, the degree
of pictorial realismand the absence and presence of color are al
significant variables with respect to the Vocabul ary factor, but
nonsigni ficant with respect to the text-conprehension factor. Keep in
m nd, however, that our interpretation of the Vocabulary factor as
possi bly pictured-vocabulary factor limts the rel evance and
generalizability of the (a)-conclusions.

According to conclusion (2a), Pictorial realismis a significant
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variable, the less-realistic visuals being nore effective than the
realistic ones (even if not all of the six pairw se conparisons are
significant). This superiority which seens to bear witness to the
difficulty subjects experience dealing with an overabundance of
pictorial information and as such | ends credence to the saying
"sometines nore is less". This interpretation nay be tentative, however,
it could also sinply reflect a text-test interactional effect: the
visual used in Dwer's identification test - a detail ed, shaded draw ng
- is identical to the visuals presented in two of the eight experinenta
text versions (see Table 2, versions 3 and 4) whereas the visuals used
inthe other illustrated text versions differ, to varying degrees, from
this test visual. Methodologically, this experinmental bias favors
certain groups and puts others at a di sadvantage. The test results -
particularly those of the university students - could reflect this
bias. Wiile they are the least effective, the realistic photographs are
al so those that differ the nost fromthe visuals used in the
identification test (which, as we have argued before, directly

i nfl uences the other two tests with regards to Factor 1).

Simlar caution nmust be shown with respect to color (conclusion 3a):
since the identification test is illustrated in black and white, one
could think that the experinmental groups having seen the col ored text
versions may be at a di sadvantage as conpared to the groups with bl ack
and white versions, even if Lanberski's (1980) and Lanberski's and
Dwyer's (1983) experinental data do not support this hypothesis. Both
aut hors explored the rel ati onship between the absence and presence of

col or during experimental treatment and the test (2 x 2), with
nonsi gni ficant interactional effects between both variables. At first
glinpse, the lack of interaction seens to be a solid basis for excluding
t he much-feared experinental bias, yet the experinental naterial used by
Lanberski and Dwyer differs dramatically fromthe earlier studies: half
of the test itens have been nodified or repl aced.

For this reason, Factor 2 - because it is statistically related to the
only nonillustrated test - gets even nore inportant for Dwer's centra
hypot heses concerning pictorial realism

Unfortunately, all Factor-2 results indicate only nonsignificant
di f f erences.

To sumari ze, our neta-analysis of Dwer's experinments shows significant
main effects only for the Vocabul ary factor, a factor we suppose to
reflect in sone part an experinental biais. As a consequence, our neta-
anal ysis of Dwyer’s experiments does not confirm Dwer’s centra
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realism
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