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FHuman

Recognition memory of components of complex pictures

. was assessed developmentally for kindergarteners, third and sixth

graders, and college students.

It was assumed that the relations

among items in multi-component line drawings are constrained by at
least two organizational dimensions, structure and content, which

- influence retention of pictured information.

Each subgect vieved

‘'glides of structurally integrated and uﬂlﬁtegrated versions of

coherent and anomalous scenes.
a target onm a yes/no recognition test

One component in each scene served as
With regard to the

organizational dimensions, the results showed clear effects of scene
content across develogmental levels. Develﬁpmental differences wWere
chserved in two aspects of the reccgnition memory task:
Kindergarteners used more conservative response criteria than older
subjects, and the recognition accuracy of college students was

supericr to that of the chllafen.
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Mary A. Luszcz
Asst. Prof. of Psych.
Universitv of Néw Brunswick

The ¥nfluence cf Age and Intrastimulus - Organization on

Recognition Memory of Information in Complex Pictures

There is evidence that visual processing and storage of
complex pictures improves with developmental maturity (cf. Day,
1975; Hagen,1974; Mandler & Stein 1974; Potter, 1966). Mandler and
Stein (1974) have demonstrated that developmental improvements in
retention of information in complex, i.e. multi-component, pictures

may ke related te their Inherent structural organization. Other

&=

+ theorists have emphasized that well-organized complex pictures are

constrained not only by acceptable interitem spatial relations but
also by the a priori probability that pictured components cccur
together in the real world (3iederman, Rabinowitz, Glass, & Stacy,
1974; Loftus & Bell, 1975]. It appears that components of complex
pictures are organized along at least two dimensions; one regulates
scene structure and the other scene content. The aim of the present
stéﬂY'was to assess régagnitian memory for c;mf@nent information in
complex pictures developmentally as a functicn of the two stimulus

organizational dimensions of content and structure.

Constraints on structural organization have becn demonstrated

to faeilitate children's recognition (Mandler & Stein, 1974) and
recall (Horowitz, Lampel, & Takanishi, 1969) of component infor-—
mation from thematically intact scenes, although asdults' recognition
appears to be independent of scenc structure (Mandler & Johnson,

1976; Mandler & Parker, 1976). Mandler and Stein (1L974) reported
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that children recognized transformations of acquisition scene com-
listic (structurally organized) rather than jumbled ( structurally
unorganized]} arrays. They hypothesized that children processed
naturalistic and jumbled scenes differently. Given naturalistic
scenes, children seem to focus on interitem relationships and encode
the scene as a whole; when processing jumbled scenes, children tend
to focus on individuval items and details. Thus, while adults should
reccgnize components from structurally organized and unorganized
scenes equally well (Mandler & Johnson, 1976; Mandler & Parker, 1976
children should recognize components from structurally usorganizei
scenes better than those from structurally organized scenes (Mandicr
& Stein, 1974), at least when scenes are thematically coherent or
intact.

Although efforts to demonstrate developmental differences
in picture recognition due to variations in content are rare and
usually unsuccessful (e.g., Fleming & Sheikhian, 1972), it has been
shown that scene content does affect processing and recognition of
complex pictures among adults. Loftus and Bell (1975) hypothesized
that the type of information a component adds to a scene affects
encoding and retention of complex pictures. Adults remembered speci
informative details better than iﬂf@rméti@n adding in a general way

to the meaning conveyed by a scenec.

The present experiment assesscd developmental implications

of the notions proposed b Mandler and her associntes (Mandler &

3
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Johnsen, 1976; Mandler & Parker 1976; Mandler & Stein, 1974) and
Loftus and Bell (19750 regardine processing and recognition of com-
ponent information from scenss varying in structure and content.
Structural integration and themwatic content of scenes were varicd in
the following way. Thematic content was defined in texms of tha
probability thaﬁ a collection of items would occur tegether in a
real-world scene., In thematically coherent scenes, ali components
shared a common theme (e.g., things found in a livingroom); in
ancmalous scenes, a thematically incongruent component was substituted
for one of the coherent items (e.g. a playground swing in aﬁliving;
room). Structural integration was determined by constraints on
interitem spatial relatiomns. For integrated scenes, c@mp@QEﬂts were
arranged naturalistically, while for unintegrated scenes components
were arranged in a horizontal line. ¥indergarten, third and sixth
grade, and college students had to correctly recognize a component
from each scene from a list containing semantically related dis- -
tractors.

It follows from the above discussion that the effects of
scene structure on encoding and retention should change with age and
scene content. Acress developmental levels, anomalous scene COmpon-
ents should be recognized better than coherent ones regardless of

scene structure. Becauss anomalous components can bhe thought of as

components of thematically homogeneous scenes (Loftus & Bell, 1975).

It seems reasonable to expect a similar effect among children to the

4
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extent that anomalous items are more salient than coherent ones,
increasing the probability of the anomalous item bheing attended to,
encoded, and later recognized (Wright & Vlietstra, 1975]. The effect
of scene structure on encoding and recognition of information from
coherent scenss should vary with developmental level. Kindergarteners
are expected to encode coherent scenes as given (Mandler & Stein, 1974},
i.e., without actively restructuring during encoding (Brown, 1975).
This nonstrategic encoding should produce facilitation in recognizing
unintegrated relative to integrated components tc the extent that the
match between stored representations and items presented for recognition
is apt to be greater for unintegrated tha;:intagrated components.,

Older children and adults are expected to integrate unintegrated scenes
(cf. Hagen et al_; 1975] resulting in functionally equivalent en-
coded representations and similar levels of recognition for components
of inﬁégjéteﬂ and unintegrated scenes (Mandler & Johnsan,'197ég

Mandler & Parker, 1976]. Finally, the overalllevel of component re-
cognition accuracy should increase with developmentalrlevel asz chilé—
ren become more capable of extracting information about components

from conglomerates during encoding and retrieval, aﬁd as they enccde
progressively more aspects of the PEéSéﬁtEﬂ scenes (cf. Day, 1975;
Potter, 1966).

Method

The study involved 128 subjects: 96 chilidren from private
schools (32 each from kindergarten, third and sixth grade) and 32

5
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college students from introductory psychology courses. The children's
grades, respectively. Each subject was tested individually at his or
her own school.

Design

The design was a 4 ¥ 2 % 2 complete factorial. Grade level

i

{(kindergarten, third, sixth, or college] was a between~groups factor;
two organizational factors, Structural Integration (integrated or un-
integrated) and Thématic_écﬁtent (coherent or anomalousg), were varied
within-subjects.

Stimuli

that a set of pictured components would occur t@gethgr in a real-

world scene. Each scene contained four items, three of the Ffour items
in each scene were context items. A fourth item in each scene was a
critical, probe item that determined whether the scene was thematically

coherent or anomalous. For example, in FPigure 1(a) the context items

Insert Figure 1 about here

are the sofa, chair, and footstool; the probe is either the T.V. or
playground swing. Scenes.caﬂtaining the T.V. probe are coherent;
scenes containing the swing probe are anomalous. In Figure 1(h) the
probe roles are reversed; the swing is a coherent probe while the T.V.
is an anomalous probe among the context items, sandbox, sec-saw and

6
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Only the single probe item (e.g., T.V. er swing)
served as a target on the yes/no recognition test. In order to diminish
possible probe selection artifacts and to permit a recognition test of
targets against semantically related distractors, an additional anomalous
and coherent probe item was produced for each scene. For example,
equal numbers of subjects viewed a stereo or slide probe among the
context items in Figure 1. If the target was a T.V., the distractor
was a stereo; if the ?arget was a swing the distractor was a slide.
The related probes served alternately as either targets Or distractors
for equal numbers of subjects.

Sturctural integration was varied by presenting the scene
components arranged either naturalistically (integrated) or horizon-
positions acréss the center of the slide. In unintegrated scenes, the
context items occupied the remaining three horizontal positions; in
integrated scenes, the context items were placed in an arbitrary
naturalistic arrangement around the probe. Probes for integrated
(two top pictures in Figure 1l(a) and 1(b) and unintegrated (two
bottom pictures in Figure 1l(a) and 1(b) versions of a scene occupied
the same position.

Across subjects and within grades, scene camponents re-
presented each organizational condition equally often. FEach subject
saw only one scene corresponding to a particular set of probes.

7
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tributed randomly in a 1€-item acquisition list with the restriction
that nét more than two slides representing the same condition occur
in succession.
Two recognition test 1lists each contained 32 items: The
16 probes from the acquisition scenes mixed with their respective
semantically related distractors (e.g., T.V./stereo g£§5wing/slida)g
Test items were presented individually with the same order restriction
as imposed in constructing acquisition lists.
. In pilot Stgﬂies it was established that children as young
as four years of age could identify the.inaividual itens contained
in the scenes. In addition, it was determined from college students'

tional dimensions.

Materials and Apparatus

as 35mm negative slides. The slides were rear projected on a Polacoat
Lenscreen with a Kodak (model 750H) carousel projector. The timing
mechanism of the projector regulated slide presentation duration at 4
sec, with an interstimulus interval of approximately .75 sec.
Procedure

During acquisition, subjects viewed 16 slides. Task instruc-
tions directed subjects to look at each slide carefully, because later
they would be shown some of the pictures again to see 1f they remem-

bered them. A one-item slide was shown to familiarize the subject with

the nature of presentation, then the acquisition list was shown.

8
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Following acquisition, the experimenter changed slide trays
and gave the wocogniblon test insbiuctions. Subjects were told to re-

spond "yes" il an it had oppeared as part of an earlier slide and

"no" if the item hed not opreoared previously. The experimentex

bicel and rephyased the instructions if necessary to

ensure the task was understood., Test items were then presented in-
dividually, romaining in view until the subject responded and the

experimenter had recorded the response.

Secparate 4 (Grade) x 2 (Structural Integration) x 2
(Thematic Content) mixed analyses of variance were camputed for pro-
portions of false alizrms, hits, and correct responses. Analysis of
d' was also done using Elliott's (19G4) tables to calculate d' values.
Differential response biascs evident in the data made this analysis
necessary in order to clarify interpretation of effects obtained with
the other measures that do not take response bias into account. The
regulﬁs of the different analyses of variance will be presented to-
gether becausc they provided converging evidence of the same basic
findings. Moasures of response biases will then be presented.

Main effects of grade were obtained in all analyses. The
respective F's (3, 124), p .0l associated with each dependent measure

ware 4.46 for false alarms, 17.85 for hits, 9.59 for proportion cor=

rect, and 7.76 for d'. Group means for d' were 1.71, 1.81, 1.99, and

48
(¥ ]

57 for kindergarten, third and sixth grade, and college, respectively.

O
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Insert Filgure 2 olLout hare

Figure 2 illustrates the relationship bLotween Crade and the remaining
dependent measures. For hits, proportiun corveckt, and d', multiple
comparisons (Tukey b)indicated that collage students perfar;ed signi=
ficantly (p .05) better than all childzen's yroups; in aﬂditian,
£hird and sixth graders had higher hit and false alarm rates than
kindergérténersi No other camparisons were significantly different.
Main effects of thematic content were obtained for false

alarms, proportion correct, and §f, Az Table 1 shows, performance was

Insert Table 1 about here

better for anomalous than coherent scene information, across all age

groups tested.

The proportion of total responses that were "yes" responses
CPC“@“?) provides an éétiméte of a subject's réépanse bias (Creelman &
Donaldson, 1968). These proportions increased with developmental level;

inspection of Table 2 shows that kindergartencrs made the fewest "yes"

:ponse bias than

than the older children and adults. By analvzing d', memory strength

was assessed independently of a-subject's response bins. The results

10
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Insert Table 2 about here

of the d' analysis was consistent with the findings from analyses done
on the other dependent measures and indicated that response bias
apparently did not interact with any of the organizational treatments.

Further, regardless of a subjecl's bias to respond "ves", hoth the

‘proportion of "old" responses made to old items (P(o/"o"})) and the

proportion of "old" responses made to the different treatment con-

v,

ditions (P(t/"o"]}] remained constant across the age groups studied,
as shown in Table 2.
Discussion

The present stﬁdy was designed to investigate developmental
differences in recognition memory for information in complex pictures
varying in content and structure. Thé resu;ts indicate: Clear effects
of thematic content on retention of information in complex gictureé;
age-related cganges in recognition response patterns, and an rerall
improvémaﬁt in recognition accuracy between sixth grade and college.
Perhaps the most interesting finding is the developmental stability
of the organizational treatment effects iﬁwlight of clear develop-
mental shifts in response criteria. Discussion will focus first-oﬂ
the effects of scene organization on memory, followed by considera-~
tion of the age-related increments in recognition accuracy and

changes in response trends.

11
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Three sources of data, proportions correct, d', and false
alarm measuras, provide converging evidence supporting the notions
of Loftus and Bell {1975) and Biederman et al. (1974) regarding
facilitated ercoding and recognition of informative scene components
as opposed to those adding only to the general meaning of a-scene.
Low probability, anomalous items were more accurately recognized and
less often sources of distractor confusion than items commonly oc-
curring together. This may be taken as an indication that anomalous
probes were ¢rcoded and remembered separately, while probes from
thematically well-organized scenes were encoded and remembered in
terms of the general meaning of the scene. Further, the effect of
distractor confusion remained constant across developmental levels
despite different levels of false positive responding. It appears
integrated multicomponent pictures at a very young age (cf. Denney, 1974).

Unlike the Mandler and Stein Cl§743 findinqs the y@uhge§£
aﬁd unintegrated scene differently. This finding is consistent with
adult performance (Mandler & Johnson, 1976; Mandler & Parker, 1976)
and extends the hypothesis that scene structure has little influence

on recognition of item or inventory information down the developmental
‘scale. Further, the discrepancy between the preseﬁt results and those
of Mandler and Stein are probably attributable to differences in task
demands and stimulus characteristics of the studies. The task used
by Mandler and Stein (1974] required recognition of composite scenes
12
Q
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following a small transformation of one camponent while the present
study required recognition of single components. Further, Mandler

and Stein's organization effect derived mainly from performance on

size and rearrangement transformations that one would expect to be
more readily detected in structurally organized rather than unorgan-
ized scenes.

More generally, the results of the present study provide
information regarding developmental aspects of recognition memory
itself. Data indicating that children's recognition for pictures is
extremely good (e.g., Brown & Campione, 1972; Brown & Scott, 1971;
Corsini, Jacobus & Leonard, 1969) and difficulty in detecting develop-
mental improvements in zez@gnitiéh memory (e.g., Nelson, 1971) led
theorists to hypothesize that recognition memory was a relatively simple
automatic process (Kintsch, 1970] insensitive to developmental changes
(Brown, 1973). However, recent empirical and theoretical considera-
tions have led to a reinterpretation of the develogmental aspects cf the
recognition memory paradigm. ’

The observed improvement in recognition accuracy between
sixth g;@@gﬁand college in this study concurs with other recent reports
of age-related increments in picture recognition memory (e.qg., Fleming
& Sheikhian, 1972; Hoffman & Dick, 1976; Mandler & Stein, 1974).

Hoffman and Dick (19761 suggest that younger subjects are less effective
than older in extracting and organizing pictured information during
astorage and retrieval, and that performance differentials ;aflect a

processing deficiency rather a capacity limitation. The present data

‘3
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support this contention, cspecially considering that the relatively

subject is unlikely to have

T

exceeded the child's capacity (cf. Brown & Scott, 1971}.
The data also provide ampirical support of a restatement of

Brown's theoretical position. Brown (1975] proposes that develop-

mental differences in memory performance will be observed to the ex-

tent that tasks (a] tax the strategic repertoire of an individual and/

or (b] involve reliance on semantic rather than episodic memory

‘systems (Tulving, 1972}. Brown also maintains that it may be dif=-

ficult to detsrmine whether the source of memory improvement is aue

to "effects of deliberate [strategic] intervention [or] from effects
due to general cognitive maturation" (p. 144). It seem probable that
the ﬁresent task of recognizing components rather than composites of
complex pictures may have required different types of retrieval acti-
vities than are usually used in recognition tasks (Kintsch, 1970) and
ﬁhat may be bevond the strategic repertoire of children (Flavell, 1970;
Hagen et al., 1975). The thematic content effect suggeststhat subjects
of all ages encoded scenes as units or wholistically, rather than as

& series of discrete elements. Thereféfé it seam likely that during
recognition of single components, subjects had to actively seek out the
composite corresponding to the probe to determine whether an item had
been presented or not. It is guite possible that such a strategy
would be used more efficiently by older than younger subjects, thus
favoring performance of the cognitively more mature individual.

In addition to the developmental improvements in recognition

14
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accuracy, the patterns of "yes" responses indicate another age~related
performance difference. Two patterns should be noted: a} Between
kindergarten and third grade children became much less conservative in
fésp@nding, and b)] the probability that an item was "old" given a
"yes" response remained high (.8] and fairly constant across the kin-
dergarten through college period.
third graders has been reported by Berch and Evans (1973] and by
Brown and Campione (1972) among preschool children, although Perlmutter
and Myers (1974; 1975; 1976] have consistently reported no significant
differences in response criteria for two- to four-year-olds. Direct
comparison of these findings is difficult due to variation in task
demands, procedures, and age groups. However, differences in task
difficulty may best account for the discrepancies (Goldstein & Chance,
1974}, The present task, as well as the continuous recognition of
numbers (Berch & Evans] or of similar vs. iégntical pictures (Brown &
Campione) appears more difficult than Perlmutter and Myers' yes/no
recoganition of unrelated objects, pictures, or words, As task dif-
ficulty increases, subjects appear to adopt more conservative response
eriteria. Further, regardless of differences in task difficulty, these
studies are consistent in demonstrating at least a trend in the dir-
ection of increasingly conservative responding with deceasing chrono-
logical age. The magnitude of this trend seems to be related to task
difficulty.

Finally, the probability that an item was “old" given that an

15
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individual made a "ves" response remained quite high and consistent
across aifférenées ig response bias or nemory .accuracy associated with
developmental level. As Brown and Campione (1972] suggest, it appears
that if kindergarteners are sure that an item is "old" they respond
"ves"; if they are unsure, they respond "no"., Young children may be
less confident and hence’give more “no™ responses than older children,
but the accuracy of "yes" responses given to "old" items is comparable
across age groups. Perhaps this reflects equivalent metamemorial

expertise in judging, according to a selected criteria, when '"yes"

responses are appropriate,

16



52, Organization

17

Berch, D. B., & Evans, R. C. Decision proceszes in children's re-

cognition memory. Journal of Exparimental Child Psychology,

1973, 16, 148-164,
Biederman, I., Rabinowitz, J.C., Glass, A. L., & Stacy, E. W., Jr.

On the information extracted from a glance at a scene.

Journal of Experimental Psycholegy. 1974, 103, 597-600,
o Brown, A. L. Mnemonic elaboration and recency judgments in children.

Cognitive Psychology, 1973, 5, 233-248.

Brown, A. L. The development of memcry: Kuowing, kaowing about
knowing, and knowing how to know. In H. W. Reese (Ed.),

Advances in child development and behavior (Vol. 10} New

York: Academie Press, 1975.

Brown, A. L., & Campione, J. C. Recogniticn memory for perceptually

Experimental Psychology, 1972, 95, 55-62.

Brown, A. L., & Scott, M. §. Recognition memory for pictures in

preschool children. Journal of Experimental Child Psychology,

1971, 11, 401-412.
Corsini, D. A., Jacobus, D. A., & Leonard, S. D. Recognition memory

of preschool children for pictures and words. Psychonomic -

Science, 1969, 16, 192-193.

Creelman, C. D., & Donaldson, W. ROC curves for discrimination of

linear extent, Journal of Experim=ntal Psychology, 1968,

77, 514-516. L
e 17

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Age, Organization
18-

Day, C. M. Developmeatal trends in visual scanning. In H. W. Reese:

(d.1, Advances in child development and behavior (vol. 10).

New York: Academic Press, 1975.
Denny, N. W., Evidence for developmental changes in categorization

criteria. Human Development, 1974, 17, 41-~53.

Elliott, P. B. Tables of d', In J. A, Swets (Ed.), Signal detection

and recognition by human observers. New York: John Wiley

and Sons, Inc., 1964, 651-=684,

Flavell, J, H. Developmental studies of mediated memory. In H. W.

Reese & L. P. Lipsett (Eds.], Advances in child development

and behavior (Vol. 5), New York: Academic Press, 1970.

Fleming, M. L., & Sheikhian, M. Influence of pictorial attributes on

recognition memory. Audio-Visual Communications Review,
1972, 20, 423-441.
Goldstein, A. G., & Chance, J. Some factors in picture recognition

memory. Journal of General Psychology, 1974, 20, 69-85. -

Hagen, M. A. Picture perception: Toward a theoretical model.

Psychological Bulletin, 1974, 81, 471-497.

Hagen, J. W., Jongward, R. H., & Kail, R. V., Jr. Cognitive per-
spectives on the development of memory. In H. W. Reese

(Ed.}, Advances in child development and behavior (Vol. 10)-.

New York: Academic Press, 1975.
Hoffman, C.iD.. & Dick, 5. A developmental investigation of re-

cognition memory. Child Development, 1976, 47, 794-799.

18



hge, Organization
19
Horowitz, L. M., Lampel, A. L,, & Takanishi, R. N. The child's

memory for unitized scenes. Jéurng;;ggxﬁgééri@gntal Child

Psychology, 1969, 8, 375-388.

Kintsch, W. Learning, memory and conceptual processes. New York:

John Wiley & Sons, 1970,
Loftus, G. R., & Bell, 5. M. Two types of information in picture

memory. Journal of Experimental Psychology: Human Learning

and Memory, 1975, 104, 103-113,
Mandler, J. M. & Johnson, N. S. Some of the thousand words a picture is

worth, Journal of Experimental Psychology: Human Learning

and Memory, 1976, 2, 529-540.

information in camplex pictures. ~Journal of Experimental

Psychology: Human Learning and Memory, 1976, 2, 38-48.
Mandler, J., & stein, N. Recall and recognition of pictures by
children as a function of organizationh and distractor -

similarity. Journal of Experimental Psychology, 19747 103,

657-669.
Nelson, K. W., Memory development in children: Evidence from non=

verbal tasks. Psychonomic Science, 1971, 25, 346-348.

Perlmutter M., g Myers, N. A. Recognition memory development in

two- to four-year-olds. ’nggéopmgnggirPsy;haiggy, 1974,

10, 447-450.
Perlmutter, M., & Myerd, N. A. Young children's coding and storage of

visual and verbal material, Child Development, 1975, 46,

215-219., , 19




ERIC

Aruitoxt provided by Eic:

Age, Organization
20
Perlmutter, M. & Myers, N. A. Recognition memory in preschool

children. Developmental Psychology, 1976, 12, 271-272.

Potter, M, C. On perceptual recognition. In Bruner, J. S.,. Olver,

R. R., & Greenfield, P. M., et al. Studies in cognitive

growth. New York: Wiley, 1966.
Tulving, E. Episodic and semantic memory. In E. Tulving & W.

Donaldson (Eds.], Organization of memory. New York:

Academic Press, 1972, 381-403.
Wright, J. C., & Vlietstra, A. G. The development of selective
attention: Fram perceptual exploration to logical search,

In H. W. Reese (Ed.], Advances in child devélopment and

behavior (Vol. 10).New York: Academic Press, 1975.

20



Age, Organization

Footnote
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TABLE 1

Y

Means for Main Effects of Thematic Content

Dependent Thematic Content =~ ) o

‘Measure Coherent Anomalous F(, 124)

[N ]
)

False Alarms . .13 19.99% %%

Proportion

Correct ' .73 .76 5.26*

**%p 001
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TABLE 2 '

Surmary of "yes" Responding across Organizational Treatments

Grade Level
Kindergarten Third . 8ixth College

P ci!éi!)a

P (o/"0"}? .828 .784 .786 .828
P(t/"o")? . 246 . 247 .247 .249

= I S — e - — — — — —

a See text for explanation.
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Figure Captions
Figure 1. Examples of the four organizational treatment

conditions for one scene pair. In i(a] the television is a cocher-

1(b} the roles of the probes (targets] are reversed. The respective
distractors would be a stereo for scenes with a television and a
slide for scenes with a swing.

Figure 2. Mean proportions for each grade collapsed across

the organizational conditions, for three dependent measures.

=~
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