Journal of the International Neuropsychological Soci€g901),7, 728—733.
Copyright © 2001 INS. Published by Cambridge University Press. Printed in the USA.

Encoding and complex figure recall

PAUL D. NEWMAN® axnp ROBERT KRIKORIAN?
1Department of Rehabilitation Psychology and Neuropsychology, Rehabilitation Institute of Michigan, Detroit, Michigan
2Department of Psychiatry, University of Cincinnati, Cincinnati, Ohio

(RECEIVED March 14, 2000REvISED August 18, 2000AccepTED September 1, 2000)

Abstract

This study investigated the effects of type of encoding strategy (organized and disorganized) and of active
versuspassive encoding on memory for interrelated spatial material. Delayed recall performance for a complex,
nonrepresentational two dimensional figure was measured in 120 normal young adults assigned to one of

three groups that varied as to the approach used during the initial construction of the figure. Those applying
self-generated strategies performed best. In addition, recall performances were significantly better for those
applying a prescribed, organized strategy as compared with performances of those applying a prescribed,
disorganized strategy. These effects were not attributable to differences on measures of IQ or spatial information
processing. The findings indicated that, independent of memory ability, both the degree of organization and of
active strategizing at encoding are determinants of recall ability for complex spatial information and suggest that
these factors have implications for memory processes more genedéiNys @001,7, 728—-733.)
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INTRODUCTION featural (detail-focused) to indicate, respectively, organized
. . . and disorganized approaches (Heinrichs & Bury, 1991). The
Rtepr?(:iuct]on and ?eliyed recall IOf twocidtlmensmnal .ab'commonfactorinthe scoring systems exemplifying these con-
s rat(? | 'ef5|gns t{;\re asks commonly l:'sel 0 asstesst.VIsulg-ructs can be characterized as the application of the gestalt
spatial information processing, in particuiar Constructional, ;i sinjes of symmetry and good continuation. The repro-

ab|I|_ty and spatial memory. SL{Ch ta.Sks typlcally_ employ uction of symmetrical components are scored more highly
designs such as the Rey-Osterrieth Figure (Osterrieth, 194 hen completed successively as opposed to when drawn dis-

Rey, 1942), the Taylor Figure (Taylor, 1969), and the Vi'continuously or as discrete subcomponents. Likewise, appli-

sqal Design (Mack etal, 199.3; Seltzer. & Mack, 1981) 8Scation of the good continuation principle implies that better
stimulus materials. These designs consist of nonrepresent

. . . e B'erformance involves reproducing a straight line from be-
tional configurations containing numerous elements. The

. . inning to end as opposed to reproduction of a number of
are novel and resistant to verbal encoding to the extent th g PP P

th ntain complex, interrelated spatial components with iscontinuous line segments.
€y contain complex, Interrelated spatial components In clinical studies using scoring systems based on these
few common geometric forms.

rinciples, it has been observed that those patients whose
Rey (1942) initially observed that individuals used differ- principles, 1® has Serv S€ patients whos

ent approaches in design reproduction in terms of the ordeiognitive deficits are associated with disorganized strat-
ies (as defined by poor symmetry and discontinuity) dur-
in which the elements were drawn. Subsequently, in the ap gies ( I yp y y ! inuity) du

licati fvari ) : . tiaators h Ing initial construction of a complex design have difficulty
plication of various scoring systems, investigators have re; roducing accurate reproductions at delay (Bennett-Levy,
ferred to the level of organization evident in the approach t

. . . 984, Binder, 1982; Hamby et al., 1993; Heinrichs & Bury,
design copying (Eslinger & Grattan, 1990; Hamby et al., 1993'1 1- Sh L 1992 Sulli | 1992 H
Janowsky & Thomas-Thrapp, 1993; Sullivan etal., 1992) orb99 ; Shorr et al., 1992; Sullivan et al,, 1992). However,

h dt h textual (f ot q rcﬁcause the participants in these studies were cognitively
ave used terms such as contextual (framework-focuse )ari1 paired, the relationship between strategy and recall per-

formance is not clear. A single lesion may affect several

) o _functions including spatial memory (Benton, 1984; Butters
Reprint requests to: Robert Krikorian, Ph.D., Department of Psychi- | 1970 F h | 1989 d lesi in th . |
atry, 231 Albert Sabin Way, Cincinnati, OH 45267-0559. E-mail: €t al., , Farah et al., ), and lesions in the parieta
robert.krikorian@uc.edu lobe have been associated with deficits of visual-spatial
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perception, construction, and memory. Deficits producingMETHODS

poor copy strategy also may affect spatial memory indepen-

dently of the poor strategy, and executive planning deficitsResearch Participants

have been shown to affect spatial constructional perfor-

mance in the absence of spatial perceptual or orientatioff"€-hundred-twenty undergraduate volunteers (58 men and

impairments (Krikorian, 1995; Krzton et al., 1998). 62 _vvomen) were recru_lted from the_ Unlver5|_ty of Cincin-
Presumably, complexity in the structure of such design§'@ti- Each student reviewed and signed an informed con-

creates demands on planning and organization abilities duf€nt document when enrolled and received course credit as

ing the execution of the figure copy and in the encoding ang?@Mmpensation for participating in the study. Each partici-

retrieval processes involved in learning and subsequent rgant was evaluated individually in offices at the university.

call. The principles of symmetry and good continuation are
operationalized in terms of the sequence in which the elepygcedure
ments and subcomponents of elements of the design are
drawn. From this point of view, the use of an organizedThe participants were assigned consecutively to one of three
strategy at copy may produce a less demanding task at réroups that varied as to the method used to administer the
call because information has been encoded in a more effdesign-copying task. Aside from this manipulation, the pro-
cient and more accessible manner. To that extent, the levéedure was identical for all three groups. In two of the
of gestalt organization expressed in the copying strateg@roups, the strategy employed in design construction was
reflects the degree of encoding efficiency, and this may b&ontrolled. An organized strategy conforming to the rules
one factor pertinent to recall performance. of symmetry and good continuation was prescribed in the
Another potentially independent factor might involve the organized dictated (Org) group, and a disorganized strategy
degree of active engagement of executive processes at tinf¢as prescribed in the disorganized dictated (Dis) group. In
of encoding. For example, in verbal paired associate learrthe self-generation (SG) group, no such instruction was pro-
ing experiments, participants who generated their own paireffided and participants were free to apply approaches that
responses to given cue words during learning trials perthey devised on their own. It was presumed that the nature
formed better at recall than those provided with both cuef the task would potentiate active executive processing for
and response words (Schefft & Biederman, 1990; Scheffparticipants in the self-generation group relative to those in
et al., 1997). Furthermore, it has been shown that nonthe two groups that were prescribed strategies. For partici-
impaired middle-aged participants are as capable of produdants in the prescribed strategy groups, the task demands
ing effective strategies as young adults on explicit workingwould tend to diminish active, self-generated approaches.
memory tasks, although they are not as effective at actively Copy and delayed recall performances of the Visual De-
utilizing such strategies (Daigneault & Braun, 1993). Oldersign (Seltzer & Mack, 1981) were obtained from each par-
participants exhibit poorer memory performances that ardicipant. The Visual Design (Figure 1) is similar to the Rey
not attributable to deficiencies of encoding, retrieval, stor-and Taylor figures, although it is symmetrical with respect
age, or interference effects. These data suggest that seff the number of elements to the right and left of midline
generation, or more Specifica”y, active appiication of and contains fewer elements amenable to verbal encoding.
encoding strategy, is a determining factor in memory per.The participants were not informed at the time of the initial
formance independent of the nature of the strategy appliec¢onstruction that delayed recall of the design would be ob-
The current Study investigated the effects of organiza.tained. This conformed to the standard clinical administra-
tional strategy and of active processing at time of encodingdion for this task. In addition, the absence of this information
on recall of interrelated spatial information in a nonclinical would tend to mitigate the inclination to generate idiosyn-
sample. The use of normal young adults provided substan-
tial assurance that other cognitive factors that might affect
executive function, visual-spatial information processing,
or memory were minimized and allowed attribution of ef- /-\
fects to the experimental manipulation. We predicted that
self-generating copy strategy would result in enhanced re-
call relative to either of two passive conditions in which
copy strategy was prescribed. We also predicted that dictat{
ing an organized copy strategy based on the principles of]
gestalt processing—good continuation and symmetry—
would lead to greater recall accuracy than dictating a dis- <>
organized copy strategy. While the findings would provide
pertinent information concerning the role of executive func-
tion in recall of complex spatial information, they also might
be expected to have more general implications for memory
encoding and retrieval processes and cognitive rehabilitation. Fig. 1. The Visual Design.
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cratic strategic approaches to the copy task that might correproduction of the design in incremental fashion as each
found the prescribed strategies and, thereby, subvert thgrescribed component was successively revealed. The par-
experimental manipulation. ticipants in the self-generation group were exposed to the

The organized and disorganized copy strategies werentire design and asked to copy it without further instruc-
prescribed by presenting eleven successive line drawingson. The examiner produced a schematic rendering of the
containing elements of the figure (see Figure 2). The firsparticipant’s production that indicated the order in which
drawing contained one component of the design, and eadcbach segment of the design was drawn. This information
successive drawing incorporated an additional componentyas used for strategy scoring purposes.
highlighted in color, along with those elements presented Delayed recall of the Visual Design was obtained approx-
previously. The sequence of elements used in the disorgamately 45 min after completion of the copy. Other cogni-
nized strategy was derived from examination of a largetive tasks were administered during the interval, although
number of protocols from cognitively impaired patients none of the intervening tasks involved visual—spatial infor-
whose reproductions exhibited asymmetry and discontinumation processing in order to avoid the possibility of inter-
ity in approach. The patient protocols used for this pur-ference effects. These tasks included verbal attention and
pose were obtained from a neuropsychological consultatiomemory measures and a verbal IQ estimate.
program that served patients with developmental cognitive The scoring system for reproduction accuracy for the Vi-
disorders, severe psychiatric conditions, and acquired braisual Design drawing is based on 17 scoring units. Up to two
disorders such as head trauma and dementia. The partigioints are given for each unit depending on the degree of
pants produced, on a single sheet of paper, one completetistortion and the placement of the unit relative to other
components of the design. The maximum total score is 34
(Mack et al., 1993). Accuracy scores were derived for both
the figure copy and recall. In addition, a strategy score that
guantified organizational level was adapted from a percep-
tual cluster scoring system developed initially for use with
the Rey-Osterrieth figure (Shorr et al., 1992). Under this
system, one point was given for each connected element
drawn either continuously or contiguously. This strategy
score was computed for the figure copy and recall. Because
copy strategy was controlled in the organized and disorga-
nized groups, these scores were invariant for participants in
each of those groups. The prescribed strategy for the orga-
nized group produced the maximum score (28) for all par-
ticipants in that group, while the copy strategy score for
members of the disorganized group was 12.

In addition to the Visual Design, a number of other cog-
nitive measures were administered in order to evaluate as-
pects of spatial information processing ability and overall
intellectual capacity independently. These included the Block
<> Design subtest of the Wechsler Adult Intelligence Scale—

Revised (Wechsler, 1981) to assess visual-spatial construc-
F\ tional ability, the Corsi Block Tapping task (Milner, 1971),

a measure of spatial attention, and the Spatial Paired Asso-
ciate Learning task (Krikorian, 1996), a nonverbal parallel
of verbal paired associate learning tasks, as a measure of
spatial memory. The Peabody Picture Vocabulary Test—
Revised (Dunn & Dunn, 1981) was administered as an es-
timate of 1Q. The spatial tasks were administered after the
T delayed recall of the design was obtained.

RESULTS
<> <> Table 1 contains summary demographic and cognitive per-

formance data for each group. As expected, there was little
Fig. 2. Sequence of stimuli presented to the organized group (Org)variability in age and educatlpnal level for this undergre}d-.
left column, and the disorganized group (Dis), right column. In uate Sample. The representatlon of males and females within

each column, representations of every second stimulus from s€ach group was substantial, although the gender propor-
quences of 11 stimuli are shown. tions were not equivalent except in the organized group.
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Table 1. Demographic information and cognitive performance by group

Group
Org Dis SG

Variable (n=40) (n=42) (n=138) F p

Age (years) 20.4 (2.8) 19.8 (1.8) 19.5 (1.5) 1.99 14
Education (years) 12.8 (1.0) 12.8 (.94) 12.6 (.80) .59 .55
Gender (M:F) 20:20 16:26 22:16 — —
IQ estimate (PPVTR) 100.3 (17) 101.7 (12) 99.7 (13) .20 .82
Spatial attention (CB) 29.2 (4.0) 28.6 (4.0) 30.2 (4.7) 2.5 .09
Spatial construction (BD) 11.6 (2.9) 11.1 (2.9) 11.8 (2.8) .54 .58
Spatial memory (S-PAL) 13.9 (4.6) 13.7 (3.1) 13.5(3.7) 12 .89

Note Data is reported as mea8[). Gender is represented as male:female proportions=Q@ngup prescribed the organized figure
copy strategy, Dis= group prescribed the disorganized figure copy strategy=338If generation group given no strategy for figure
copy task. PPVTR= Peabody Picture Vocabulary Test-Revised, €Borsi Block Tapping task, BB- Block Design subtest from
WAIS-R, Spatial PAL= Spatial Paired Associate Learning task. Rlvalues havelf = 2,117.

The participants were of average range overall intellectuatelative to the other two group®(< .05). The effect sizes
ability, and there was no between group difference in IQfor the copy accuracy differences between the organized
estimate as indicated by ANOVA (see Table 1). In addition,and disorganized and between the self-generation and dis-
there was no group difference for any aspect of spatial inerganized groups were .71 and .77, respectively.
formation processing, as univariate analyses for measures To control for this difference in copy accuracy on recall
of spatial attention, spatial construction, and spatial memperformance, the recall score was divided by the copy score
ory indicated equivalent performances in all groups. to obtain a percent or ratio recall that was thought to be an

The measures of Visual Design copy and recall perforunbiased measure of recall accuracy. The recall percentage
mance are presented in Table 2. As shown, the degree store was used to test the primary predictions regarding
organization as quantified by the copy strategy score wadifferences between the disorganized and organized groups
much lower in the Dis group relative to the Org and SGand between the organized and self-generation groups. Pre-
groups. The mean strategy score for the SG group waglanned comparisons indicated that the organized group
slightly less than that of the Org group, and the range ofachieved a significantly higher ratio score than the disorga-
strategy scores in the former (15-29) indicated that theraized groud t(80) = 7.9,p < .05]. The effect size was very
was no overlap with the scores in the Dis group. large,d’ = 1.75. In addition, the self-generation group

All three groups achieved mean figure copy accuracyachieved a significantly higher ratio score than both the
scores of between 80% and 90% of the maximum possiblerganized groupt(76) = 2.2, p < .05,d’ = .49], and the
score of 34 (Table 2). However, there was a significantdisorganized groupt(78) = 10.14,p < .0001,d’ = 2.28].
difference between the groups for copy accufdey?, 117 = As an ancillary analysis, we examined the possibility of
8.88, p < .0001], andpost-hocTukey comparisons con- gender effects on design reproduction strategy at recall. A
firmed that this difference was due to the relatively dimin- GroupXx Gender ANOVA was performed and failed to show
ished reproduction accuracy of the disorganized grouither a main effect for gendgF (1,114 = 1.92,p < .18]

or a GendeK Group interactiofF (2,114 = .31,p < .74].

Table 2. Visual Design copy and recall performance DISCUSSION
Group The purpose of this study was to evaluate the effects of
Org Dis SG level of organization and of active executive processing
Test performance (n=40) (n=42) (n=38) during encoding on recall for interrelated spatial informa-
Copy accuracy 206(3.1) 27.4(33) 20.8 (2.4) ]tc|on. The expgrlmﬁntal négnl_pulanons produc((j—:-d sev_e_ral ef-
Copy strategy 298.0 (0.0) 12.0 (0.0) 26.2 (2.7) ects supporting the predictions. As expected, participants
Recall accuracy 18.8(5.1) 10.5(4.0) 21.22 (5.2) Prescribed the disorganized strategy when copying the fig-
Recall strategy 23.4 (3.5) 6.9 (2.8) 23.0 (5.7) ure recalled substantially fewer elements after the delay
Recall accuracy ratio .63 (0.2) .39 (0.1) .71 (0.2) period as compared with those prescribed the organized

approach. This finding corroborated the prediction that an
Note _Data‘is mean$D) performa_nce?‘Strategy scores for these groups Organized gestalt approach at time of encoding would pro-
were invariate. Orgt_ group prgscnbed_the o_rganlzed figure copy strategy, duce areater delaved recall accuracy than a seqmented (diS-
Dis = group prescribed the disorganized figure copy strategy=Sself g Yy Yy g

generation group given no strategy for figure copy task. organized) approach.
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In addition, the self-generation group demonstrated greatdhe degree to which prescribed strategies, as opposed to
recall accuracy than both the organized and disorganizedutonomously generated strategies, would enhance mem-
groups. The equivalence of the groups on measures of visuadry functioning.
spatial construction, spatial attention and memory, and 1Q The experimental manipulation did entail certain inequal-
supports the notion that the findings are attributable to dif4ties between the self-generation group on the one hand
ferences in copy strategy and level of active processingnd the organized and disorganized groups on the other.
rather than to other potentially confounding cognitive factors Because the two groups that were prescribed strategic ap-

The superior performance of the self-generation groupproaches were presented with sequences of several incom-
relative to the organized group was particularly notable plete figures, it is possible that interference contributed to
given that the level of organization as measured by thehe diminished recall they demonstrated. However, this
strategy score for figure copy was not greater for the S@ossibility would seem to be remote. Each of the incom-
group (Table 2). Apparently, despite utilizing equivalently plete figures was a cumulative representation that con-
organized approaches during the copy task, the demand féained a new element nested in the previously presented
greater effort in active executive processing among particiconfiguration. Accordingly, an incrementally increasing ge-
pants in the self-generation group enhanced recall accistalt was presented, and there was no inconsistency be-
racy. This suggests that both level of organization and degre@veen the partial figures or distortion of elements. Another
of active strategizing during encoding were factors in theirinequality between the self-generated and prescribed strat-
superior recall performance, presumably a function of im-egy groups was time of exposure to the design. Because of
proved retrieval accessibility of the structure of the figurethe nature of the experimental manipulation, the pre-
associated with those factors. scribed strategy groups had greater exposure time to the

Such a finding is consistent with the concept of self-individual components of the design, while the self-
generation as described in the Kanfer and Schefft (1988)eneration group had greater exposure to the complete
model with respect to learning novel semantic associatedigure. It is conceivable that this factor caused greater at-
The self-generation effect observed here demonstrates thiention to the featural elements for the prescribed groups
importance of this factor for learning and retention of in-and greater attention to the overall gestalt for the self-
terrelated spatial information as well. As noted, non-generation group, thereby promoting enhanced gestalt pro-
impaired, late middle-aged individuals show diminishedcessing for members of the latter. Although this possibility
ability to engage in active application of strategies as comis not supported by the equivalence of recall strategy scores
pared with young adults, even when the former are capabl®or the organized and self-generation group, it remains a
of producing such strategies (Daigneault & Braun, 1993)consideration and a factor that might be controlled in fu-
One might infer that the effect of active encoding reflectsture investigations.
processing essential to establishing internal mental struc- The study design did not entail a direct assessment of the
ture and that for the participants in the self-generation grouplegree of active processing at encoding, although the ma-
this factor contributed to the creation of a subjective cog-ipulation was designed to elicit and isolate this factor in
nitive structure for the spatial configuration. This conceptthe comparison of performances between the organized and
was introduced by Mandler (1967) who observed that acself-generation groups. Both of these groups demonstrated
tively organizing to-be-learned material increased recallorganized approaches, although in the former this was dic-
As observed in our sample, although participants in thdated while in the latter subjects derived strategies on au-
organized group passively applied copy strategies equivadenomously. Furthermore, itis conceivable that other factors
lent to those produced in the self-generation group, theisuch as motivation may have contributed to the superior
recall accuracy was relatively diminished. More generally,performance of the SG group. Indeed, it has been shown
it might be asserted that active encoding processes are dhat enhanced effort, positive emotional valence, and a
essential determinant of learning and recall, particularly forgreater sense of control are associated with self-regulated
complex, interrelated material for which generation of cog-tasks (Kanfer & Schefft, 1988). These factors may have
nitive structure is fundamental. It is of interest to note thatcontributed to our findings. On the other hand, it might be
self-guided practice also has been shown to produce empresumed that such factors would be intrinsic to or second-
hanced learning of complex motor skills (Wulf & Toole, ary to active problem solving of the type elicited in this
1999), suggesting that active executive processes may cortudy. Nonetheless, this issue is amenable to evaluation in
tribute to learning complex material and procedures, bothuture studies in which, for example, emotional valence
cognitive and noncognitive. The implication of such find- would be assessed in the context of differential demands
ings for rehabilitation would appear to be that training in- for autonomous memory encoding. In addition, while this
dividuals with executive function impairments to use study did not examine the effects of levels of disorganiza-
organized approaches should enhance memory perfotion on figure recall, this issue might be investigated to
mance, although not to the same degree that self-guidedetermine whether the degree of organization in copy strat-
production and execution might. Applying the manipula-egy is systematically related to a gradient of recall perfor-
tion used in this experiment with cognitively impaired, brain- mance. Furthermore, our sample included healthy young
injured participants should provide information regardingadults. While this provided substantial assurance concern-
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ing the integrity of pertinent cognitive functions, it does recall in the elderly: A deficit in memory or constructional
represent a limitation with respect to the applicability of the  strategy@ournal of Clinical and Experimental Neuropsychol-
results to other age groups, in particular older adults. If the 09y, 15, 159-169.

current manipulation were applied to healthy adults of dif-Kanfer, F.H. & Schefft, B.K. (1988)Guiding the process of ther-
ferent ages, one might expect differential findings, and, per- apPeutic changeChampaign, IL: Research Press. ,
haps, interaction effects, especially given the apparent agégrlkorlan, R. (1995). Planning, visual perception, and spatial con-

related decline in active executive processing (Daigneaul struction.Brain and Cognition 28, 213.
P 9 9 krikorian, R. (1996). Independence of verbal and spatial paired
& Braun, 1993).

’ . associate learnind@rain and Cognition32, 219-223.

Complex figure tasks typically have been used to meayion, K., Krikorian, R., Newman, P., Feldman, D., & Larson, E.
sure nonverbal memory. This study provides evidence that (1998). The role of executive function ability in visual-spatial
poor copy strategy can lead to poor recall independent of constructionArchives of Clinical Neuropsycholog¥3, 32.
spatial information processing and memory abilities. TheMandler, G. (1967). Organization and memory. In K.W. Spence &
findings underscore the importance of examining encoding J.T. Spence (Eds.Jhe psychology of learning and motivation
strategy in relationship to recall performance as well as (vol. 1, pp. 327-371). New York: Academic Press.
other measures of executive ability. Furthermore, the reMack, J.L., Patterson, M.B., Schnell, A.H., Whitehouse, P.J. (1993).
sults imply that specific encoding factors associated with Performance of subjects with probable Alzheimer’s Disease

. . d normal elderly control on the Golin Incomplete Pictures
executive pr m fundamental learning and " .
. processes may be fundamental to lea g and Test.Perceptual and Motor Skil|s77, 951-969.
memory in general.
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