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Bu calsmanin amact, psikotik ve normal ¢ocuklarin Trail Making ve
Bender Gestaltl Testlerindeki performanslarimn  mukayesesidir. Bu testler
8-12 yaslarinda 30 psikotik ve 30 normal ¢ocuga uyguland:, Iki grubun per-
formans ortalamast kat'l ve yiiksek seviyede anlamh farkllasmalar gaster-
di. Trail Making Testi’nde Psikotiklerin Yo 67’'si, Bender Gestalt Testi’'nde
ise sadece % 30'u ayirt edildigi halde, her iki lestte de normal deneklerin
hemen hemen % 1000 normal sirurlar icinde kaldi. Netice olarak, Bender
Testi'nin genel anormalliklere daha hassas, Trail Making Testi'nin ise, or-
ganik beyin hasarindan husule gelen arizalara dzgii spesifik bir test olduju
goriinmektedir.

The purpose of this study was to campare the performance of psychotic
and normal cihildren on the Trail Making and the Bender Gestalt Tests.
These instruments were administered lo 30 psychotic and 30 normal child-
ren, ranging in age from eight to twelve. The results showed striking and
highly significant differences in the average performance of the two samp-
les. On both tests, nearly 100 % of the normal sample scored in the normal
range, as compared o 67 % of the psychotics on the Trail Making, and only
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30 % on the Bender Gestalt Tests. Thus, the Bender appears to be more
sensitive to general abnormality, the Trail Making test more specific to de-
ficit from organic brain damage.

The Trail Making Test (TMT) was originally published in 1944 as one
of the performance subtests of the Army Individual Intelligence Test. Ar-
mitage (1946) used the TMT to evaluate the effects of brain injury among
soldiers, and his results appeared promising. A version of the TMT for
children was prepared by Reitan (1955) by shortening the adult form. In a
number of studies, the TMT has been shown to reflect psychological deficit
in individuals with brain damage (Armitage, 1946; Reitan, 1955; Davids,
Goldenburg, & Laufer, 1957; Reitan & Tarshes, 1959; Reed & Reitan,
1963a, 1963b), depression (Alvarez, 1962), schizophrenia (Brown, et. al.,
1958), and chronic alcoholism (Fitzhugh, Fitzhugh, & Reitan, 1960), Vir-
tually all studies have demonstrated that brain damaged patients perform
significantly more poorly on the TMT than do non-brain-damaged controls.
For example, Reitan (1955) reported that a cutting score of 12 on the two
parts of the TMT combined separated a brain damaged sample for a control
sample with but 17% of each sample being misclassified. In a later study,
Reitan (1958) found that the same cutting score misclassified 15% of
another brain damaged sample, against 16.7% of the new control sample.

The Bender Visual-Gestalt Test (BGT) was assembled by Lauretta
Bender in 1938 from a set of simple designs employed earlier by Wertheimer
{1923). The BGT has been used to test maturational level in children, and
to estimate intelligence, organic brain damage, and psychological disturbance
in both children and adults. American clinical psychologists used the BGT
in army medical installations during World War II, and at least two manuals
were issued by the U.S. armed services. Bender published her own manual
in 1946. Later, Pascal and Suttell (1951) developed a more objective scoring
system for adults, while Koppitz (1963) developed one for young children.
Since the publication of Bender’s manual, the BGT has come into wide-
spread use as a clinical instrument.

The BGT literature, reviewed by Billingslea (1963), is ambiguous con-
cerning the test’s usefulness in. differentiating patients with brain pathology
from those with various types of psychological disorders. For example, Gar-
ron and Cheifetz (1965) found the BGT to be relatively inefficient in dif-
ferentiating individuals with severe emotional disturbance from those with
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brain damage. Moreover, while the BGT literature is replete with studies
comparing the performance of those with brain damage and normal controls,
there has been much less research on the BGT performance of emotionally
disturbed or psychotic patients, especially children, Indeed, Koppitz (1962)
found that five to ten year old children with emotional problems tended
to have impaired BGT performance; only 32% of the disturbed children,
as compared to 70% of the normal control sample, showed high BGT per-
formance.

One problem with much of the past research on both the Bender
Gestalt and the Trail Making tests is that only rarely arc two or more such
diagnostic instruments directly compared in the same study. As a con-
sequence, there is little clear evidence concerning the relative effectiveness
of these and other diagnostic procedures. While an ideal study would sample
both a wide array of instruments and a wide variety of diverse subject
populations, considerations of time and cost rarely permit that ideal to be
met, The present study represents but a small step in the right direction by
comparing the perfdrmance of psychotic and normal children on both the
TMT and the BGT.

METHOD

Subjects

The subjects for this study were 60 children, all between the ages of
eight and twelve years old, half of whom had been diagnosed as psychotic
and half of whom served as normal controls. Some characteristics of the
two samples are presented in Table 1. The normal sample consisted of 15
boys and 15 girls, three boys and three girls at each of five age levels. All
normal subjects were volunteers from the Jefferson Road School in Roches-
ter, New York; teachers sclected the initial candidates for testing by ex-
cluding stadents with either very high or very low intelligence scores. The
psychotic samiple was composed of 22 boys aud B girls, approximately
equally -divided  between two hospitals (the Convalescent Hospital for
Children and the Rochester. State Hospital, both in Rochester, New York).
The.great majority of the subjects were caucasians; there were two black
children in the normal sample and three in the psychotic sample..No patients
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Table 1

Characteristics of the Samples

Psychotic (N=30) Normal (N=30)
Males Females Males " Females
(N=22) (N=8) (N=15) (N=15)
Age (in years))m S -
8 6] ¢y (3) (3)
-9 €] (2) (3) (3
10 (5) (1) (3 €)]
11 € (2) (3 €)]
12 4) - (2) (3) €)]
Age (in
months)
Mean 127 129 : 123 122
S.D, 19 19 16 14
L.Q.
Mean 92 89

Range 68-124 69-110

were included in the psychotic sample if they were acutely ill, disoriented,
confused, or uncooperative at the time of testing. The diagnosis for each
of these patients was based on the information in their hospital records,
including a detailed medical history, a psychiatric examination, a psycholo-
gical evaluation, and any neurological reports. The American Psychiatric
Association’s Diagrostic and Statistical Manual was generally used for a
diagnostic guide. The normal and psychotic samples did not differ signifi-
cantly from each other in age (see Table 1). Since intelligence test scores
were not available for the normal subjects, it is not possible to compare the
two samples on this variable.
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Procedures

All subjects were tested individually with three tests, the Bender Ges-
talt, the Trail Making, and a Muller-Lyer Illusion tests, using six different
test administration orders. Since the order of administration had no signi-
ficant effect on test performance, it will not be further discussed. In addition,
the resuits for the Muller-Lyer illusion will also be excluded from this
report; these findings will be described in a subsequent report.

The BGT consists of nine cards, on each of which is printed a simple
figure, which the subject is instructed to copy. Each design was copied on
a separate sheet of paper, and the time required to copy each design was
recorded by the experimenter, using a stopwatch held as unobtrusively as
possible. The TMT has two parts, each including a short sample foliowed
by the actual test. Part A consists of a page on which 15 circles are ran-
domly distributed; in each of the circles is a number, from | to 15, The
subject is instructed to begin with the first circle (number 1) and to connect
the circles by pencil in their correct numerical order. Part B consists of a
similar page of circles, eight numbered from 1 to 8 and seven labeled from
A to G. The subject is instructed to to again connect the circles with his
pencil, proceeding this time in the order: 1, A, 2, B, wi5. As with the
BGT, the time required to complete each part of the TMT was recorded by
the experimenter. Prior to the administration of either test, a few warm-up
exercises-a simple arithmetic problem and the task of finding similarities and
differences among four designs-were presented to insure that the subject
was reasonably comfortable in the testing situation,

Analyses

TMT «raw scoresy are the times, in seconds, required by each sub-
ject to complete each of the two parts of the test. These scores in turn were
converted to a ten-point scale, based on Reitan's (1956) TMT Manuai. The
means, standard deviations, and frequencies for both scoring procedures are
presented here for easy comparison with other studies. Both types of scores
were also used in standard analyses of variance (ANOVA) to test the statis-
tical significance of differences between the two samples.

For the BGT, in addition to copying time, four types of errors were
scored : distortion of shape, rotation, integration, and perseveration. The
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samples were again compared via ANOVA on copying time, each of the er-
ror types, and total errors. '

RESULTS

Trail Making Test .

Table (a) presents the TMT raw and converted score means and stan-

dard deviations, for both ‘parts of the test and: both samples of subjects.
Table 3 presents the results of four two-way analyses of variance, for raw
and converted scores and for each part of the test. Each ANOVA tests the
significance of the differences between diagnostic samples, between' sex
groups, and the diagnosis-by-sex interaction. As Table 3 indicates, there
were no statistically significant effects attributable to sex, and-none of the

= )

o PS}(—
chotic

Normal

Table 2

Means and Standard Deviations of Raw Scores. and Converted
Scores of Normal and Psychotic Samples on Parts A and B of
the Trail Making Test. '

P art A Part B
Raw Scores Converted Raw Scores  Converted
(in seconds)l _ Scores (in secornds) Scaores
M SO - M SD M 3D M 3D

Boys . 25.93. 12,76 9,60 091 52.67 2013 7.73 2.28
Glris, 24.07 - 7.40. 993 026 5153 1494 820 1.82

Boys 3823 2429 859 265 9650 7085 531 295

Girls 4525 44.94 887 3.18 126.00 94.77 475 399
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Table 3
Analyses of Variance for Parts A
and B of the Trail Making Test.
. Raw Scores
Part A Part B
df MS B df MS B
Between 7 1 3689.18 698 1 46067.97 1457
Diagnostic Samples (A) SRR o '
Between 1 8751 0,17 1 2648.78 0.84
Sex Groups (B) )
AXB 1 260.12 © 049 1 3089.00 0.98
Ss Within Groups 36 528.16 ' 56 3162.26
Converted Scores
Part A Part B
o df . M8 F  df MS F
Between | I 1407 3.41%" ] 113.24  15.33
Diagnostic Samples (A)
Between 1 125 030 I 0.03 000
Sex Groups (B)
AXB . 1 0.00 000 1 3.53 0.47
Ss within Groups 56 4.12 56 789

#++ P 001
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for both samples and both parts of the test. Using the cutting scores recom-
mended by Reitan, 100% of the normals would be correctly diagnosed in
Part A, while 17% of the psychotics would be called abnormal. For Part B,
interactions between sex and diagnostic sample were significant. On the
other hand, all differences between the two samples were highly significant
(p <C.001). In Table 4, the distributions of converted scores are presented

Table 4 .

The Distribution of Converted Scores on the Trail Making
Tests for Normal and Psychotic Samples

Part A Part B Parts A4B
Normal Psychotic Normal Psychotic Normal Psychotic
% £ 9% £ % £ % % £ oo
10 26 23 10 4 20 10 4
9 2 0 6 0
§ $ R, B o5 0
7 1 = 0 4 T4 17 3 4
6 0 0 3 4 16 3 ® ¢S
> 0 0 3 2 15 2.3 1 &
i 0 1 2 2 4 39 2
3 0 3 ¢ 0 & 0 13" 0 1
2 0° 0% 023 @ 2 1 2
1 0 1 0 T 11 0 9
' 10 0 1
9 0 0
8 0 0 .
7 0% 0%
6 0 o 0o«
: 5 0 2
* Reiten's cutting point. 4 0 2
3 0 0
2 0 1
1 0
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93.49% of the normals would be correctly diagnosed, and 40% of the
psychotics would be given abnormal diagnoses. For the combined test,
06.7% of the normals scored in the normal range, while 33% of the psy-
chotics scored in the abnormal range.

Bender Gestalt Test

Table 5 presents the mean time required to copy .the designs for the -

subjects in each of the two samples. In contrast to the TMT, where the
psychotic children took longer to complete the test than did normal children,
just the reverse was true on the BGT.

Table b

Mean Time (in Secondg) for Each Drawing on the
Bender Gestalt Test

Means Standard Deviations
Psychotic Normal Psychotic Normal
Card B G B G B G B G
A 123 116 113 16.6 7.6 4.2 5.1 13.8
1 26.2 222 303 289 121 114 12,6 15.8
2 406 311 578 39.7 18.0 10.6 28.4 20.2
3 30.0 245 359 309 4.9 41 16.4 18.4
4 121 105 15.9 135 5.6 3.6 9.1 8.0
5 223 222 41.3 24.1 125 9.8 27.6 10.9
6 17.4 16.2 23.9 15.7 93 79 12.6 11.4
T 25,0 350 365 354 100 14.5 144 28.2
8 17.0 206 269 225 6.6 5.9 128 124
Average 225 215 311 253 109 8.0 15.6 15.5

Table 6 presents the mean number of errors in copying the designs for
both samples and for both sex groups. The resulting ANOVA shows that
the differences between boys and girls was significant (girls made more
errors than did boys), and the differences between samples was Aighly signi-
ficant (the average psychotic child made five times as many errors as the
average normal child!). The sex-by-sample interaction was not significant.




72 B * M, ORMANLI

Table 6

Means and Standard Deviations and Anova for Bender Gestalt
' "~ Total Error Scores. ‘

Diagnostic Sex M ! 8D
Group. Group,
B Coe 1.07 1.16
NORMAL G 2,00 1.31
B+G - 153 _1.7237 s
B 709 433
PRYCHOTIC (G 8.88 3.36
B+ C 7.57 4.077
df MS - F
Between ‘
Diagnostic’

Samples (A) 1 54772 59,49

Between
Sex
GI'OleS (B) 1. - 2431 2,647
1

AXB 2.38 0.26

¥ P01 -
sk P~ 001
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Table-7 presents the distribution of these total error scores:in both samples.
Using the cutting score previously suggested in the BGT literature as most
effectively separating brain damaged from normal subjects, 100% of the
normal children would be correctly diagnosed as normal, while 70% of the
psychotic children scored in-the abnormal range.

Table 7

The Distribution of Total Error Scores on the Bender Gestalt Test
for Normal and-Psychotic Samples

©~ NORMAL PSYCHOSIS

.
§ BOYS GIRLS TOTAL BOYS GIRLS TOTAL
L S R ST S A ST A ST 4
0 6 2 8 1 0 |
15 4 9 0 0 0
2 1 3 4 1 0 . 1
303 ¢ 4 ¢ 7 ¥ 2 © 1 9w 3-8
4 8 2.8 2 84 @0 = 4 =
5 3 0 3
6 1 0 1
7 2 2 4
'8 1 0 1
9 0 2 2
10 1 1 2
10" 1 1 2
11 3 0 3
A A A R
\O [e o] [
14 : 1 1 2
15 1 1
16 B 1

Z
o
—
wh
(%)
<
™
[ 3]
o0
(¥
<
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Table & presents the relative frequency of different fypes of errors in
each sample. Rotation errors occur very rarely among the chil-
dren in the normal sample, while the average psychotic child made about
one and a half such errors in the eight opportunities he had to do so. As a
consequence, when a rotation error is made, one can be reasonably certain
that the protocal comes from an abnormal subject. Indeed, there was no
error type that was not made at least twice as often on the average by a
psychotic as by a normal child.

- Table 8

The Relative Frequency of Different Types of Errors in Each Sample

Maximum . ’ . Ratio :
Errors Normai Psychotic Psychotic/

HError Type Possibie Sample Sampie Normal
Distortion : 10 .90 4.17 4.6
Rotation 8 .03 1.43 47.7
Integration . 9 .30 1.60 5.3
Perseveration : 3 30 : 73 . 2.4
Total 30 1.53 7.93 5.2

The intercorrelations among all of the BGT and TMT scores, plus
sex, age, and diagnostic sample, are presented in Table 9. These correlations
were separately computed in the total sample (N = 60), and in each of. the
two subsamples (N = 30); correlations based on the total sample are presen-
ted above the main diagonal of Table 9, while those based on the normal
sample are listed above those from the psychotic sample below the main
diagonal. The point-biserial correlations presented in the first row of this
table indicate the extent to which each of the BGT and TMT scores was
related to the normal versus psychotic classification. Note that while all of
the BGT and TMT scores were significantly associated with diagnostic clas-
sification, by far the most differentiating variables were Bender distortion
errors and total errors, '

 As Table 9 indicates, sex did not have any profound effect on these
test scores. None of the relationships between sex and TMT scores were
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TABLE 9

Intepcorrelations smang the BOT and TNT Scores iu Each of ths Subsamplesa asd in the Total Semple

BLEHDRER-GESTALT TRAXL RARInNG
Errornm T £l
Bex Age Time Diat. Rofol. Toleg. Fors, Total rart TVREER Total Mean 4, D.
=" il D ornl _Mean 8, 0. )
hsngnostic Saupiel .20 13 [ U TR AR At ARY: SR o LAY Y A4 0.50 0,50
slnbr(:c )L; ;,1! =P"'n) - .02 .10 08 06 W20 -e23 Ok SO0 61 anz D. b2 [ ALY
hge .03 - -.0d 13 W08 .17 06 15 a8 17 ar 124,30 17.63
=0l -
'
B rime 27 o8 ook oAb —32” -0, L6 07 .oh 05 25,50 .58
[ .
M WOl Lo - B
% Dist. -8 15 ek - S es™t sl st L6t st 253 229 b
R -4 WLk W16 - -
% metat. 15 .a5 IR TR - P Lett st (Bt st mett Tt 0,73 1.4
: -15 -0l b st - B
A rates, -.08 —ok -3 22 -09 - 297 BT W3t Tt Wt 0,95 1.1 i
: " K
T i -01 .18 -1 N W31 - :
g Pera. s’ - .G [ TSR JUSS WY S 2 T T 21 .20 052 0.7 .
Fl —.26 +0f - 0% .)6' .2} w2l - :
T i
Total S8t S w3s GETGenY L6 - wtt st et W7} k52 !
17 lis W06 (LAPTICLE60 076" I(LETT) - :
T
¥ Pare s .09 —08  L26 -36 0 a0 L3 -a3 -k - Bt Lgotty] 256 236 ;
L -0 a7 W26 w07 17 L2600 .09 36 - :
i Pact ® .03 SWBPY oy (16 -dh 21 m 02,05 B - Les™)] 725 6LSY :
A —a17 W26 L3R Bbr 23 .20 18 .38 A2t
« i
I Total .07 S0t 20 -0k —,03  -,30  -,15  -,2% (.60730,90% ") - 110,78 BL.5C ;
" -6 24 g7 st w2z w2 a1 W3 Gathileyth - !
Mean H. .50 i2z2.70 28,38 0.50  9.03 0,30 0,30 1,53 25.00 52,10 77.10 ;
P. 6,73 127,10 22,52 k.7 343 1,60 0,73 7,93 4O, X0 104, 40 Leh .47 Ij
5,D. s 0,51 15.4% 1l.52 0.%2 0.18  0.65 0.5 1.3} 16,30 17,43 22.82 1
F. (ALY 19.61 6,11 2,07 1.33 1.52 0.91 .32 jﬂnlﬂ P35 lD}.S}

Wote:--Gorreiations abave tha vain diagopal are based on the total sample (N = 60); below the diagonnl, cerrelationz
~ " 'paaed on.ihe noroad oubaseple (N = 30) are lisked above thoms from the psyshotic subsasple (B = 30),

+ pG05 { } = Part-Wholw correlations
4+ BGOL :

significant, nor were any such relationships among the BGT variables in
the psychotic subsample. However, normal girls tended to make significantly
more perseveration errors than normal boys, perhaps because they typically
took a bit less time to complete the BGT drawings.

Perhaps the most tantalizing relationships in Table 9 arc those invol-
ving BGT or TMT time. For example, diagnostic sample turned out to
moderate the relationship between age and time : among the normal chil-
dren, age was negatively related to testing time; in the. psychotic sampie,
age was positively related to time. That is, normal children took less time
as they were older, while the reverse was trué among the psychotics {sug-
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gesting, perhaps, that older psychotic children are generally more debilitated
than younger ones}. Interestingly, time spent on the BGT was only weakly
(if at all)} related to time spent on the TMT; this relationship was not signi-
ficant in the normal (and total) sample, low but significant in the psychotic
sample. Moreover, BGT time was not generally related to error rate, On
the other hand, the relationship between TMT time and BGT error rate
was again moderated by diagnostic sample : the relationships tended to be
slightly negative in the normal sample and slightly positive in the psychotic
sample.

Finally, -Table 9 provides some evidence on the relations among. dif-
ferent types of BGT errors, and between the two parts of the TMT. In the
normal sample, the BGT error types were virtually unrelated, probably at
least in part because the incidence of errors was so low. In the psychotic
sample, where the error frequency was much higher, the four types of BGT
errors were moderately related. Much the same phenomenon occured when
both parts of the TMT were correlated: this correlation was not significant
in the normal sample, yet it was extremely high in the psychotic sample.

Discussion

The results of this study suggest that the Triil Making and: the Bender
Gestalt tests, both of which are typically used to screen for ofganic brain
damage, are differentially sensitive to- the performance’ deficits associated
with psychosis, Specifically, the Bender appears to be far more sensitive to
the general personality abnormality associated with psychosis than is the
Trail Making test. And, while no direct comparison was possible with the
present samples, it would appear that the Trail Making test provides a more
specific indication of brain damage than does the Bender.”

As a consequence, one niust be quite cautlous in inferring ‘brain damage
from either test alone, and especially from the Bender, since ostensibly none
of the subjects in this study would be so diagnosed.on neurological grounds,
On the other hand, to the extent that one assumes some structural anomolies
in the genesis of all psychotic conditions, then one would expect such clinical
signs of brain damage in a psychotic sample.-In any case, it is clear: that far
more research is needed before the clinician can . confldently use’ these
instruments for differential diagnostic purposes..
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