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Figure-Ground Discrimination After Induced Altered

Brain Funection

ROBERT L. KAHN, Ph.D.; MAX POLLACK, Ph.D., and MAX FINK, M.D., Glen Oaks, New York

Studies of complex visual perception with
altered brain function in man have not al-
ways yielded clear or consistent results. The
disagreements may be due to many factors,
such as differences in population studied,
types of procedures employed, and difficul-
ties in evaluating the degree of alteration in
brain function. Electroconvulsive therapy
(ECT), however, provides a unique op-
portunity for studying the effects of cere-
bral dysfunction in that more accurate
control can be maintained over the degree of

induced cerebral dysfunction and its meas-
urement.

While most investigations of brain-injured
populations have focused on the role of the
locus of the lesion on behavior, current
studies of ECT have emphasized individual
differences. Marked variability has been
shown for perceptual,® behavorial,? and
physiologic >® responses to ECT. Various
personality ®!! and social factors #1° have
also been related to differences in response
to treatment.

In the course of an investigation of the
perceptual and behavorial changes with
ECT, a convulsive-subconvulsive control
study was undertaken. In this report, the
performance on complex visual tasks is pre-
sented. Specifically, the aim was to deter-
mine whether perceptual change induced
by ECT is related to the degree of altered
brain function and clinical behavioral
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change, and whether the pretreatment per-
ceptual pattern 1s related to physiologic
changes with treatment.

The method used in the study was the
perception of embedded geometric figures—
a technique which has been employed in re-
cent years in studies of perceptual change

in head trauma and brain tumor pa-
tients, 113,14

Method

1. Population—Fifty-three consecutive patients
referred for ECT were studied. These included 16
men and 37 women, the ages ranging from 22 to
66 years, with a median of 49 years. The patients
were divided at random into two groups. A con-
vulsive group, of 29 patients, received grand mal
electrotherapy with thiopental (Pentothal) pre-
medication three times a week, using either a
Medcraft alternating-current instrument or a.
Reiter C-47 electrostimulator. A minimum of 12
treatments was given. The total number of treat-
ments was determined by the supervising psychia-
trist in charge of the treatment unit on the basis
of clinical criteria. A subconvulsive group, of 24
patients, was treated in similar fashion except that
only subconvulsive stimulation was given after the
thiopental. Fourteen of the subjects in the sub-
convulsive group were subsequently given a regular
course of convulsive therapy.

2. Perceptual Task.—In the week prior to treat-
ment and on the day following the 12th treatment
each patient was tested with a modification of the
Gottschaldt hidden-figure test developed by Bat-
tersby et al. The subject is presented with a page
containing two forms—a simple geometric figure,
and below it a complex figure in which the simple
figure 1s embedded (Figure). The patient is
asked to trace a specific geometric figure from the
background by outlining it with a colored pencil.
The discriminations range in complexity from
relatively simple to more complex. There are 25
such discriminations. A maximum of two minutes
i1s allowed for each. Performance is scored in
terms of total number of errors. To minimize
a practice eftect, two equivalent forms of the
test were used. The forms were alternated with
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Figures in hidden-figures test. The preliminary
sample used to acquaint the subjects with the
task 1s shown 1n a; b and ¢ are examples of test
figures. In d the task i1s complicated by having the
subject determine which of the two single figures
can be found i1n the complex figure.

successive patients in pretreatment testing. During
treatment the patient was reexamined with the
form different from that given immitially.

3. Ewvaluation of Physwlogic Change.—Two
measures of brain function—the electroencephalo-
gram and the amobarbital test™—were given to
each patient prior to and at weekly intervals dur-
ing treatment. The electroencephalogram was
evaluated as to the degree of induced slow-wave
activity according to criteria previously published.”
The amobarbital test was noted as positive or
negative for brain dysfunction according to
standardized criteria.” The results of these tests
during the second, third, and fourth weeks of
treatment furnished the criteria for physiologic
change. A combined physiologic index was ob-
tained by ascribing to each high-degree slow-wave
EEG record and each positive amobarbital test
a score of one. The range of physiologic altera-
tion thus ranged from 0 to 6.

4. Behawvior Ratings.—Each patient’s behavior
was evaluated at weekly intervals. After the 12th
treatment, a rating for the degree of behavioral
change was made according to four classes:
marked, moderate, minimal, or none. These ratings
of change were not value judgments as to the
quality of change but, rather, quantitative estimates
of differences in behavior patterns under similar
conditions of observation, Thus, such behavior
patterns as euphoria, paranoia, and withdrawal
might all be rated as equivalent for degree of
quantitative change, although the implications of
each for the qualitative evaluation of improvement
may be different.
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TABLE 1. —Intragroup Comparisons for Number
of Errvors Before and During ECT

Type of Before During Differ-
Treatment NoO. ECT ECT ence FEN
Subconvulsive 24 10.0 iy —2.3 <0.02
Convulsive 43 9.5 11.8 +2.3 <0.02

* Intragroup analyses in this and in subsequent tables are
based on Wilcoxon’s method of paired replicates.

Results

The pretreatment and treatment scores
and the mean change in the number of er-
rors with treatment are shown for each
ogroup in Table 1. Intragroup analysis shows
that the subconvulsive group made signifi-
cantly fewer errors during treatment,
whereas the convulsive patients made sig-
nificantly more.

Prior to treatment, subconvulsive patients
made approximately the same number ot
errors as those in the convulsive group, a
mean difference of 0.5 error. During treat-
ment, however, the difference between these
oroups (4.1 errors) was significant at bet-
ter than the 1% level of confidence. When
the data are analyzed with respect to physio-
logic change, significant increases mn errors
are found only for those patients with great-
er degrees of physiologic change. This re-
lationship 1s present in the analysis of the
amobarbital test and the EEG as separate

TaBLE 2.—Intragroup Comparisons for Number of
Errors Before and After ECT wn Relation to
Degree of Physiologic Change

B

Mean
Difference
in No. of
Errors
During
Physiological Index N Treatment r
Amobarbital Test
None or one positive 13 —0.2 Not
significant
Two or three positive 28 +3.7 <0.01
Electroencephalogram
None or one high delta 23 +1.7 Not
significant
Two or three high delta 18 +3.3 <0.05
Combined Physiologic
Oto 3 21 +1.0 Not
significant
4t0 6 20 +3.9 <0.01
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FIGURE-GROUND DISCRIMINATION

TABLE 3.—Intragroup Comparisons for Number of
Errors Before and During ECT wm Relation
to Degree of Behavioral Change

Mean Difference
for Number of

Degree of Errors During
Behavioral Change N Treatment o
Marked 24 +3.6 <0.01
Moderate 14 +1.0 Not significant
Minimal or none 5 —0.4 Not significant

indices, and when the two tests are com-
bined (Table 2).

The relationship between the degree of
behavioral change and the change in num-
ber of errors during treatment is shown in
Table 3. Those patients with minimal or
moderate behavior changes did not show
an appreciable difference in number of er-
rors. T'hose with marked behavior changes,

however, made significantly more errors
during treatment.

Analysis of the pretreatment error scores
in relation to the degree of physiologic
change 1s shown in Table 4. A significant
relationship 1s shown between the pretreat-
ment error scores and the degree of physio-
logic change during treatment. Patients
with minimal physiologic change during
convulsive therapy had a mean pretreat-
ment score of 7.9 errors, while those who
developed marked physiologic effects had a
mean pretreatment score of 13.2. The tri-
serial correlation of pretreatment score and
physiologic change is +0.34, significant at
the 0.05 level of confidence.

Qualitative Data.—Alterations in size of
figure or in minor aspects of form were
common types of error during both testing
periods. Certain qualitative patterns were
frequently noted during treatment, which
occurred only rarely in the pretreatment
period. It was common for patients to
make no attempt to trace the more complex
figures. This failure was often associated
with a generalized withdrawal reaction in
which the patient was unresponsive to any

stimulus or procedure. Others became hos-

tile and negativistic toward the testing.
Patients with the greatest amount of physio-

Kahn et al.

TABLE 4—Relation of Pretreatment Errors to
Eventual Degree of Physiologic Change
During Treatment

Mean No. of

Physiologic Errors
Change N Pretreatment
0to2 16 7.9
3 and 4 19 11.2
5 and 6 8 13.3

logic change had frequent difficulty follow-
ing instructions. They would trace the lines
indiscriminately, without regard for the
specific figure to be traced, repeat a previous
figure despite changes in the test figure,
draw lines where none actually existed, and
attempt to trace the stimulus figure while
ignoring the more complex test figure. Such
patients were likely to respond quickly and
impulsively, and showed little concern about
making an error even when spontaneously
commenting, “I know that’s not right.”

Comment

This study demonstrates a relationship
between the degree of cerebral dysfunction
and the degree of perceptual alteration as
measured by errors on the embedded-figures
test. Patients with subconvulsive stimulation
made fewer errors on retesting. Patients
recerving convulsive therapy, in whom only
minimal physiologic changes were recorded,
manifested slight increase or no change in
errors. The convulsive patients, however,
with the more marked physiologic altera-
tions, showed a significant increase in
errors. This interrelationship of brain func-
tion and perception may be related both to
the perceptual patterns with neurologic dis-
orders and to the mode of action of con-
vulsive therapy.

[t 1s evident that perceptual responses
systematically vary with the degree of dif-
fuse cerebral dysfunction. In relating these
patterns to concepts of localized pathology,
the role of generalized, nonspecific cerebral
dysfunction must be considered. For ex-
ample, unilateral spatial “inattention,” fre-
quently attributed to parietal lobe lesions
alone,>* has been reported with a variety
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of lesions provided there was a somato-
sensory defect and an associated generalized
mental impairment.®1® Teuber and Wein-
stein 1* found that performance on an em-
bedded-figures test was unrelated to locus
of lesion in cases with penetrating brain
wounds, but that aphasic patients made
significantly more errors than a nonaphasic
group. Pollack et al.,’® using a test identical
with that in this study, reported no rela-
tionship between errors and the location of
lesion in tumor patients. They noted, in-
stead, that the number of errors was re-
lated to the severity of general mental
changes, manifested as disorientation for
time and place. The present observation
that perception of embedded figures 1s re-
lated to the degree of diffuse brain dys-
function 1s in accord with these studies of
patients with head injuries and brain tu-
mOTrs.

In previous investigations of the mode
of action of convulsive therapy, we have
shown that clinical behavioral change is
related to the degree of altered brain func-
tion.>"® The present study reinforces this
observation, the objective criterion of per-
ceptual errors being used as an index of
behavioral change. As a group, the patients
who showed the greatest increase in errors
with treatment were those who also showed
the most pronounced change in clinical be-
havior, as assessed by conventional psychi-
atric evaluation.

There appeared to be considerable com-
parability in the type, as well as the degree,
of clinical behavioral change and the quali-
tative aspects of performance on the em-
bedded-figures test. Failure to attempt the
task characteristically accompanied with-
drawal or paranoid hostility. A lack of con-
cern 1n correcting errors was associated
with clinical euphoria or hypomania. From
these behavioral observations, the increases
in errors may be attributed to a change in
attitude toward the task or examiner, as
well as to a specific defect. The altered
brain function modified the total pattern of
interaction with the environment, of which
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the performance on a complex perceptual
task 1s just one aspect.

Previous studies have shown that there
1s a relationship between the clinical response
to convulsive therapy and aspects of person-
ality, defined as the habitual or characteristic
modes of response and adaptation.®1%11 [n
this study it has been shown that the pre-
treatment perceptual performance is related
to the physiological response during treat-
ment. This finding suggests that the indi-
vidual differences in the development of
physiologic change may also be related, in
part, to personality factors.

Summary and Conclusion

Fifty-three consecutive patients referred
for electrotherapy were studied before and
after treatment on their ability to perceive
embedded geometric figures. An experi-
mental group of 29 patients received a
course of grand mal therapy with thiopental
( Pentothal ) premedication. A control group
of 24 patients received subconvulsive stimu-
lation with thiopental premedication only.

The experimental group made significant-
ly more errors after treatment than did the
controls.

Within the experimental group there was
considerable variability. Increase in errors
was significantly related to the degree of
altered brain function and to the degree of
behavioral change.

Qualitative aspects of perceptual behav-
ior mirrored the pattern of behavioral change
observed clinically.

Pretreatment error scores were signifi-
cantly related to the degree of altered brain
function developed during treatment. The
significance of this observation in terms of
personality factors i1s indicated.

Department of Experimental Psychiatry, Hillside
Hospital.
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Pigure<~Oround Diserimination in ECT



Figure-ground Disorimination After Induced
Altered Brain PFanction

Studies of complex visual perception with altered brain
function in man have not slways yielded clear or consistent

results. The disagreements may be due to many factors, such
as differences in population studied, types of tools and
procedures employed, and difficultiece in evaluating the degree
of alterstion in brain funciion. KEleectroconvulsive therapy
(BCT), however, provides & unique opportunity for studying

the effects of cerebral dysfunction in that more accurate
control can be maintained over the degree of induced cerebral
dysfunctiion and itz measurenent.

While investigations of brain-injured populations have
focussed for the most part on the role of location of lesion
on behavier, current studies of ECT have emphasized the
factor of individual differences. MHarked variability has
been shown for perceptusl (8), behavioral (L), and physiological
(2,5) responses %o ECT. In addition, various personality (3)
and social factors (6,7) have been related to differences in
response to treatment.

In the course of an investigation of the perceptual and
behavioral changes with ECT, & convulsive-subconvulsive
control study was undertaken., In this report, the performance
on complex visual tasks is presented., Specifically, the aim
was to determine whether perceptusl change induced by ECT is
related to the degree of altered brain funetion end clinical
behavioral change; and whether the pretreatment perceptual
pattern is related to physieleogic changes with treatment,




- -

The method used in the study was the perception of
embedded geometriec figures « & technic which has been
employed in recent years in studies of perceptual change
in head trauma and brain tumer patients (1, 8, 10).




Mothod:
1) Pepulation: Pifty-three consecutive patients referred
for ECT were studied, These included 16 men and 37 women,
with ages ranging from 22 to 66 with a median of LY years.
The patients were divided at random inte two groups. A
convulsive group of 29 patients received grand mal electiro-
therapy with pentothal premedication three times a week,
using either a Mederaft alternsting current instrument or a
Redter C~L7 electrostimulator. 4 minimum of 12 treatments
The total number of treatments was determined
by the supervising peychiatriet in charge of the treatnent
unit on the basis of clinical eriteria. A subconvulsive
group of 2L patients was tresated in similar fashion, except
that only subconvulsive stimulation wae given following the
pembthal. Fourteen of the subjects in the subconvulsive group

were given,

were subsequently given & regular course of convulsive therapy.
2) Perceptual task: In the week prior to treatnent and

on the day feollowing the 12th treatment each patient was

tested with & modification of the Gottschaldt hidden figure

test developed by Battersby et al (1). The subject is

presented with a page containing two forms - a simple geometiric

figure, and below it a complex figure in which the simple figure

is embedded (fig. 1)« The patient is asked to trace & specific

geonetrie figure from the background by outlining it with &

colored peneil, The diseriminations range in complexity from

Fig. 1



ohe

relatively simple to more amln. There are 25 such
diseriminations. A maximum of two minutes is allowed for

each, Performance is scored in terms of total number of errors.
To minimise & practice efiect two oquvnmi forms of the test
The forms were alternated with successive patients
in pretreatment testing, During treatment the patient was re-
examined with the form different from that given initislly.

53) Evaluation of physiclegic change
brain function ~ the electiroencephalogran and the amobarbital
test (11) were given to esch patient prior to, and at weekly
intervals during treatment. The electrvencephalogram was
evaluated as te the degree of induced deltea sctivity according
to criteris previouesly published (2)., The amobarbital test
was noted 82 positive or negative for brein dysfunction
according to standerdised criteria (11). The results of these
testa during the second, third and fourth weeks of tresatment
furnished the criteria for physiological change. A combined
physiological index was obtained by sscribing teo esach high
degree delta ERC record and each pozitive amecbardital test a
The range of physiological alteration thus
ranged from sere’ to six,

k) PBehavior ratings: ¥ach patient's behavior was
evaluated at weekly intervals., After the 12th treatment, a
rating for the degree of behavioral change was made according
to four classes: marked, moderate, minimal or none. These

were used,

Two measures of

gscore of one,

ratings of change were not value jJudgements as to the guality



of change, bdut rather quantitative estinates of differences
in behavior patterns under similsr conditions of observation.

Thus, such behavior patterns as suphoria, parsnoia or with-
draval might all bde rated as equivalent for degree of

quantitative change, although the implications of each for
the qualitative evaluation of improvement may be different.




The pretrestment and treatment scores and the mean
change in the nunmber of errors with treatment are shown for f
esch grouy in Tadle I. Intragroup analysis shows that the |
subeonvalaive group made significantly fewer errors during
treatuneni, while the convulsive patientis made siguificantly

wore.

o o . G

TADLE X

e R R

Prior to treatment, subconvulsive patients made approxe
imately the same number of errors as those in the convulsive
group with 2 mean difference of only 65. During treatment,
however, the difference datween ticn groups (L.} c'rma)l
was significant a2t better than the 1f level of confidence,
When the date 10 analysed with respect to physiologic change,
gignificant inereases in errors are found only in these patients
with greater degrees of physiologic change. This relationship
is present in the analysis of the amchbardital test and the
EEC as separate indices, and when the two tests are combined
{Table IX). |

TABLE IX
The relationshin between the degree of bhehavioral change
and the change in number of erveres during treatment 1= shown
in Table IXII, Those patients with minimal or moderaie




oJe

behavior changes 4id not show an eppreciable difference
in mumber of orrers. Those with marked behavior changes,
however, made significantly more errors during treatment.

TABLE I11

[

Anslysis of the pretreastment ervor scores in relation
to the degree of physioleogical Qung-; ie shown in Table IV,
The results shov a significant nlnu;nhin between the pre~
treatment error seores and the degree of physiological change
during treatment., Patients with minimel physiological change
during convulsive therapy had & mean pretreatment score of
7.9 errors, while these who developed marked physiological
effects, had a mean pretreatment scere of 13.2. The triserisl
correlation of pretreatment score and physielogical change is
+3k, significant at the .05 level of confidence.

b

TABLE IV

Alterations in size of figure or in minor aspecis of
form were common types of error during both testing periods,.

Certain quu?utin patterns were frequently noted during
treatment however, which occurred oy rarely or to & lesser
extent in the pretreatment period. It was common for patients




Intragroup Comparisons for Number of Errors
ROROE ... i» ~ ERIASE SFREAT o i

3 of Treatment ¥ BSefore RCT During ECT 'ference p*

Subeconvulsive 2h 10.0 TeT “2e3 + o 02

Convulsive L3 ' 9.5 11.8 - 923 . 0%

* Intragroup snalyses in this snd subsequent tablee bused en
Wilcoxon's methed of peirved replicatss.
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0 make no attenpt te trace the more complex figures. This
responge wasx often sssociated with & generslized withdrawal
roaction in whiech the patient was unresponeive to any stimulus
or procedure, Others became hoetile and negativistic toward
the testing. Patients with the greatest amount of physiological
- change often had difficulty following instructions. They
would Srace the lines indiscriminately without regard for
the specific figure to be outlined; repeated a previous
figure despite changes in the test figure; drew lines where
none actually existed; and attempted to trace the stimulus
figure while ignoring the more complex test figure., Such
patiente were likely to respond Quickly end impulsively, '
and showed little concern about meking an error even when
they might spontaneously comment, "I know that'es not right.”




~ Thic study demonstrates & relationship between the degree

of cerebral dysfunction and the degree of perceptusl alteration
a8 measured by errors on the embedded figures t}ut. Patients
with subconvulsive stimulation meke fewer errors on retesting.
A slight chma or no <hsnge in errors occurred in those
patientes Mntuna convuleive therepy who showed only minimel
physiologicsl chenges. The cenvelwive patients, hovever, with
the most merked physiologicel alteration, showed ¢ cignificant
inerease in nunbey of errors, Thies interrelationship of brain
funetion and poncpiim of embedded Lfigures ie in accord with
studies of patients with sltered brain function due to head
injury and brein tumer. Teuber and Weinstein (10) applying a
similar technioc in cases with penetrating brain wounds, cone
¢luded thet performance was unreleted 4o locus of lesion
but that sphasie patients made significantly more errors than
a non-sphasic brain-injured group. Pollack et al, (9), ueing
the identical test as in this study, reported no relationship
betwenn errore and the location of lesion in tumer patients.
They reported, instead, that the number of errors was related
to the severity of such mental changes as disorientation,
I% should be pointed out that the total pretreatment
mean score for all patients referred for convulesive therapy
was 10.L errors, & score almeost identical to that found by
Pollack ot al, (9) in their brain tumor patients. Since the
twe populations are comparable in terme of other parameters

as age snd education, the defectes in figure ground discrimina-
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tion cannot be regarded as reflective of corebral dysfunction
82 an isolated entity abstracted from the totality of behavier.
Rather than being in a one to one relationship, poor performance
on such tasks may be due %o the interaction of many factors,
brain dysfunetion being only one. Thus, there are many patients
with marked cerebral damage who make fewer errors in this task
than control subjects with intact cerebral function. In the
present study the range of differences among the patientsz nrier
%o treatment was greater than that obtained even with maximunm
physiological change., While & patient in the subconvulsive
group with & high nunber of pretreatment errors nay show 2
practice effect on retesting with & reduction in errors, his
absolute error score may still be higher then that of a patient
receiving convuleive therapy who had few pretreatment errors
and has shown incressed difficulty with treatnent. These
observations suggest that difficuliy in perceiving embedded
figurees is related to certain personality aspects as well as

to brain dysfunetion. Consistent with this conception, Witkin
(12, 13) has noted that the marked individusl) differences in
the perception of hidden figures among college students are
related te personality factors.

The relationshipy of perceptusl altereation to behavioral
change during treatment is clearly demonstrated. Az a group the
patients wvho showed the greatest incresse in errors during
treatment were those who also showed the most pronounced change
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in elinical behavier. They manifested behavior patterns of
euphoria, hypomania, withdrawal, somatization or paranoia.
Comparable to these are the qualitative aspects of performance
on the embedded figure test during treatment, Fallure to
attempt the task was froeguently related to an evasion or withe
drawal reaction in somne cesee, and to a paranoid hostility in
others. A lack of concern in correcting errors was assoclated
with elinical patterns of euphoria and hypomanis. Thus, the
inerease in errors may be attributed to a change in motivation
or attitude toward the task or examiner as well as to any sspect
of the slteration in brain function. Changes in peformance on
this complex perceptual task can be understoeod as one reflection
of & change in the pattern of interaction with the environment,
The finding of the relation of the pretreatment score to
the physiological response has important implications for the
theory of the mode of sction of convulsive therapy. In previous
investigations we demonstrated that a change in bmin function is
& necessary condition for behaviorsl change in convulsive therapy
(2, 5)« The present observation, however, indicates that the
development of & marked degree of change on physiological measures
may alse be related to aspects of personality.
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1. Pifty-three consecutive patients referred for
electrotherapy were studied before and after treatment on
their ability to perceive embedded geometric figures. An
experimental group of 29 patients received a course of grand
nal therapy with pentothal premedication. A contrel group
of 2L patients received subconvulsive stimulation with pentothal
premedication enly. ' |

2, The experimental group made significantly more errors
following treatment than did centrols. '
3. ¥ithin the experimental group there was consideradle
variability. Increase in errors was significantly related teo
the deogree of altered brain function and to the degree of
behavioral change. '

Le Pretreatment error scores were significantly
related to the degree of altered brain function developed
during treatment., The significance of this observation in
terme of personsliity faotors is indicated,

£« GQualitative aspects of perceptual behavior mirrored
the pattern of behaviersl change observed elinically.




Legend:

Fig. 1. Illustration of test figures. The preliminary
sanple used to sequaint the subdbjects with the task is shown
in a. In 4 the task is complicated by baving the subject
determine which of the two single figures can be found in
the complex figure.
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