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Summary. The performance in the Trail Making Test (Form A) was correlated 
with a variety of verbal and nonverbal tests in 5 groups of patients: Broca's 
aphasics (N= 18), Wernicke's aphasics (N= 19) and nonaphasic patients with 
right hemisphere (N= 20), left hemisphere (N-- 17) or diffuse (N= 18) lesions. 
Correlations with the Trail Making Test were found for two tests, both requir- 
ing visual search. The "Objects Finding Test" in which the target varies from 
item to item showed high correlations for all groups of patients. The "IIidden 
Patterns Test", in which the target is kept constant, correlated only on the 
groups ofnonaphasic patients. It is concluded (1) that visual search, as tested 
here, is not restricted to lateralized cortical functions, and (2) that the per- 
formance in the Trail Making Test depends largely upon processes involved in 
visual search of varying targets. 

Key words: Trail Making Test - Severity of brain damage - Visual search - 
Lateralization of cortical function - Aphasia 

Zusammenfassung. Der Trail Making Test (Form A) dient gew6hnlich der 
Diagnose des allgemeinen Schweregrads von Hirnsch~idigungen verschie- 
denster Lokalisation und Genese. Der Patient hat dabei 25 unregelm~i6ig 
tiber ein Blatt verteilte Kreise in numerisch angegebener Reihenfolge so 
schnell wie m6glich durch Bleistiftstriche miteinander zu verbinden. Mittels 
Korrelationen wurde die Beziehung verschiedener verbaler wie nonverbaler 
Tests zur Testleistung im Trail Making Test bei fiinf Patientengruppen unter- 
sucht: Broca-Aphasiker (N=lS), Wernicke-Aphasiker (N=19) und Hirn- 
geschfidigte ohne Aphasie mit rechtshemisphfirischen (N=20), linkshemi- 
sphfirischen (N= 17) oder diffusen (N= 18) Lfisionen. Zwei Tests, bei denen 
visuelle Suchleistungen gefordert waren, korrelierten mit dem Trail Making 
Test. Beim Test ,,Objekte Finden", der die Suchleistung anhand wechselnder 
Suchobjekte prtift, ergaben sich Korrelationen bei allen Patientengruppen. 
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Der  ,,Hidden Patterns Test", bei dem alas Suchobjekt konstant bleibt, korre- 
lierte nur bei nichtaphasischen Patientengruppen mit den Leistungen im 
Trail Making Test. Nach der vorliegenden Untersuchung scheinen visuelle 
Suchleistungen, insbesondere bei variablen Suchobjekten, weitgehend un- 
abh/ingig v o n d e r  Lokalisation der Hirnschfidigung zu sein und eng mit  den 
Leistungen im Trail Making Test zusammenzuh/ingen.  

SchliisselwSrter: Trail Making Test - Schwere des Hirnschadens - Visuelle 
Suchleistung - Lateralisierung corticaler Funkt ionen - Aphasie 

Introduction 

The Trail Making Test (TMT) [2, 18] has become popular for testing the general 
severity of impairment  caused by brain damage, regardless of  its etiology or loca- 
tion [3, 4, 10, 17]. Form A of this test consists of  25 circles, numbered  f rom 1 to 25, 
randomly distributed on a white sheet of  paper. The subjects'  task is to connect  
the circles in numerical  order as rapidly as possible, correcting errors, if they 
occur, before continuing the sequence. Errors, therefore, add to the overall t ime 
necessary to complete the task, which is the criterion of test performance.  In 
Form B of the TMT the patient has to alternate between numbers  and letters. 
This form thus requires more complex symbolic processes and may be biased 
against patients with left cerebral lesions [4, 19, 20]. 

What  are the processes involved in performing Form A of the Trail Making 
Test that makes it so sensitive to the general severity of  brain damage and at the 
same t ime so insensitive to the localization of the lesion? The present investiga- 
tion attempts to contribute to this question by looking at the factor of  visual 
search f rom data which were obtained as part of  a more  extensive investigation 
concerned with aphasia [6]. 

Subjects and Methods 

The subjects were 92 male patients with aphasic and nonaphasic disorders caused by cortical 
lesions as shown in Table 1. They were selected from a total of 106 patients tested in 14 dif- 
ferent hospitals in the Federal Republic of Germany. The selection was done in such a way 
that the 5 groups of patients were comparable with respect to age (42.5_-<2= < 46.9; F(4,88)= 
0.45; P>0.10) and a combined index for level of education and occupation (2.08=<x_--<2.44; 
F(4,88) = 1.08; P> 0.10). 

Diagnoses were taken from hospital records consisting of clinical examinations together 
with angiogram, CAT scan and EEG information. Subjects who were either left-handed 
or ambidextrous according to a German adaptation of the Edinburgh Inventory [13] were not 
included in the sample, nor were patients, whose records mentioned any form of "agnosia". 
The performance on Form A of the Trail Making Test was used as a criterion to match the 
groups with respect to the overall severity of performance impairment due to cortical damage, 
irrespective of location and etiology (1.87_--<~log.s_--< 1.91; F(4,88)= 0.08; P> 0.10). All patients 
were native German speakers. 

The patients were tested on a variety of verbal and nonverbal tasks including the Token 
Test, a German version of the Peabody Picture Vocabulary Test, Picture Naming, the Hidden 
Patterns Test, and the Objects Finding Test (see [6] for detailed description). 
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Table 1. Groups of patients 
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Aphasics Brain damaged patients without aphasia 

Broca's Wernicke's Right Left Diffuse 
(N=18) (N=19) hemisphere hemisphere brain lesions 

(N= 20) (N= 17) (N= 18) 

Etiology Vascular 16 14 11 4 3 

Traumatic 2 4 7 11 12 

Neoplastic - 1 2 2 1 

Other . . . .  2 

Duration Median 30.5 11.9 12.5 55.0 95.5 
of illness in months 

Range 3-115 3-109 2-408 5-468 2-444 

The Objects Finding Test (OFT) was taken from the German adaptation [1] of the Illinois 
Test of Psycholinguistic Abilities [12]. It consists of 5 picture-strips in which the subject must 
look for a given class of objects (dogs, fishes, bottles, shoes, hammer and saw). The first strip 
(dogs) is a practice trial. Before presenting an item, the experimenter names the object the 
subjects have to find by showing its representation on the first part of the strip. Afterwards, the 
whole strip is presented. The number of objects to be found varies from item to item, as does 
the size, shape and orientation of the objects. The subject has a maximal search time of 30 s. 
The number of correct identifications is scored. 

The Hidden Patterns Test (HPT) was adapted from the "Kit of Reference Tests for Cog- 
nitive Factors" [8]. This test, suggested by Thurstone's "Designs" and Gottschaldt's Figures, 
was used here in a shortened version. It consisted of two out of four pages each with 100 geo- 
metric patterns in some of which a single configuration is embedded. The task of the subject is 
to mark for each pattern whether or not it comprises this configuration. The number of correct 
identifications within a time limit of 90 s for each page is scored. 

Results 

The groups  of  patients did not  differ in their m e a n  per formance  level in either the 
Objects Finding Test (21.2=<~=<24.8; F (4,88 = 1.07; P>0 .10)  or the Hidden  Pat- 
terns Test (29.4 _-__ ~_--< 31.0; F (4,88) = 0.63; P >  0.10). The  correlations be tween  the 
Trail Making Test and the two tests for visual search (OFT, HPT)  are shown in 
Table 2. 

In  contrast  to these two tests the correlat ions with the Token Test, the Pea- 
body  Picture Vocabulary  Test, and the Picture Naming  task were insignificant 
t h r o u g h o u t  (0.02_-<p_-< 0.34). The  t ime necessary to complete  F o r m  A of  the Trail 
Making Test (i.e. poorer  per formance)  is negatively correlated with per- 
formance  (numbe r  o f  correct  responses)  on the Objects Finding Test (-0.41 
_--<p _--<- 0.93) and, for the brain damaged  patients wi thout  aphasia, also with per- 
fo rmance  in the Hidden  Patterns Test (-0.54_--<p N _  0.61). 

Whi le  the correlat ions be tween  the Trail Making Test and the Objects Find- 
ing Test are significant for all five groups o f  patients, the correlat ion is h igher  for 
Wern icke ' s  aphasics than  for Broca 's  aphasics (22= 11.59; P<0 .01) .  
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Table 2. Correlations between Trail Making Test (TMT), Objects Finding Test (OFT), and 
Hidden Patterns Test (HPT) 

Aphasics Brain damaged patients without aphasia 

Broca's Wernicke's Right Left Diffuse 
hemisphere hemisphere 

(N=18) (N=19) (N=20) (N=17) (N=18) 

TMT/OFT -0.41" -0.93** -0.68** -0,60** -0.70** 
TMT/HPT -0.36 -0.27 -0.61"* -0,58** -0.54* 

* = P < 0 . 0 5  
** =P<0.01 

The correlations between the Trail Making Test and the Hidden Patterns Test 
are significant only for the nonaphasic patients. Note however, that both, aphasic 
and nonaphasic patients do not differ with respect to their mean performance 
level. 

D i s c u s s i o n  

The results show consistent correlations between the performances in the Trail 
Making Test and visual search abilities as required by the Objects Finding Test 
and the Hidden Patterns Test. 

While the Objects Finding Test shows correlations with the Trail Making Test 
for all groups of brain damaged patients, the correlation between the Hidden Pat- 
terns Test and the Trail Making Test is restricted to the group of nonaphasic 
patients. This difference might indicate that it is of crucial importance only for 
the aphasics as to whether the target varies from item to item, as in the TMT and 
OFT, or remains the same, as in the HPT. Possibly, aphasic patients are more 
likely to use different cognitive strategies for these tasks than brain damaged 
patients without aphasia. Since the mean performance level was about the same 
for all groups of patients in all these three tests, one might speculate whether 
covert naming supports the internal representation of visual targets for all these 
three tests only in the nonaphasic patients whereas aphasics shift to other, non- 
verbal modes of representation whenever feasable. The higher correlation be- 
tween TMT- and OFT-performances in Wernicke's as compared to Broca's 
aphasics suggests, in addition, that the strength of this association is particularly 
related to processes of language comprehension. 

Our results with the Hidden Patterns Test are in accordance with the classical 
study of Teuber and Weinstein [22] who noted % striking absence of localization" 
in the deficit of brain-damaged patients to discover hidden figures, although the 
group of aphasics showed lower performance which the authors attributed to 
"greater impairment rather than to their language defects as such" [22, p. 375]. 
Apparently, our aphasics (that were matched with respect to general severity of 
impairment) do not differ from brain damaged patients without aphasia in their 
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m e a n  pe r fo rmance ,  but  t end  to rely on different  strategies than  nonaphas ic  
patients.  Similar  conclus ions  were  drawn by Corkin [7], Har t je  et al. [11], Pizza- 
miglo  and  Carli  [14] and  Russo  and  Vignolo  [21]. 

At first g lance it m a y  be surprising that  visual  search is highly related to a test  
that  is genera l ly  used  as a tool  for diagnosing genera l  severi ty of  brain  damage  
irrespect ive of  location.  In  contras t  to o ther  visual  spatial tasks, e.g. the Poppel-  
reu ter  Test  or the  Ges ta l t  Comple t ion  Test  by Street  [cf. 11], and  in spite o f  all the 
f indings abou t  uni lateral  ina t ten t ion  [5, 9], the relative efficacy of  visual  search as 
m e a s u r e d  in these  th ree  tasks seems  to be ra ther  i n d e p e n d e n t  of  the site of  the 
brain  lesion. T h r o u g h  specific combina t ions  of  percep tua l  and cognit ive 
d e m a n d s  (e.g. visual  discr iminat ion,  sequent ia l  and  selective searching,  control  
of  search by m e m o r y  representa t ions ,  or concepts  of  single features  [cf. 15, 16]), it 
r emains  to be  del ineated what  it is in the visual  search tasks that  makes  t h e m  so 
closely related to F o r m  A of  the Trail Making  Test. 

Acknowledgements. The research was funded by Deutsche Forschungsgemeinschaft, SFB 99: 
Linguistik, Teilprojekt D 1. 

We are most grateful for all the invaluable help of the patients and staffofmany clinics and 
rehabilitation centers that supported this work. In addition we thank Dr. Anne Hogg and Miss 
Vivien Kitteringham for revising the English text and Dr. W. Hartje for critical reading an 
earlier draft of the article. 

References 

1. Angermaier M (1974) Psycholinguistischer Entwicklungstest. Beltz, Weinheim 
2. Armitage S (1946) Analysis of certain psychological tests used for the evaluation of brain 

damage. Psychol Monogr 60 : No. 1 (whole issue) 
3. Barnes GW, Lucas GJ (1974) Cerebral dysfunction vs. psychogenesis in Halstead-Reitan 

tests. J Nerv Ment Dis 158 : 50-60 
4. Boll TJ (1981) The Halstead-Reitan neuropsychology battery. In: Filsko SB, Boll TJ (eds) 

Handbook of clinical neuropsychology. Wiley, New York, pp 577-607 
5. Ch6dru F, Leblanc M, Lhermitte F (1973) Visual searching in normal and brain-damaged 

subjects: Contribution to the study of unilateral inattention. Cortex 9:94-111 
6. Cohen R, Ehrenstein WH, Woll G (1979) Experimentalpsychologische Untersuchungen 

zur Erfassung aphasischer St6rungen. Research report to the Deutsche Forschungs- 
gemeinschaft, University Press, Konstanz 

7. Corkin S (1979) Hidden-figures-test performance: Lasting effects of unilateral penetrating 
head injury and transient effects of bilateral cingulotomy. Neuropsychologia 17:585-605 

8. French JW, Ekstion RB, Price LA (1963) Kit of reference tests for cognitive factors. Educa- 
tional Testing Service, Princeton, NJ, USA 

9. Friedland RP, Weinstein EA (1977) Hemi-Inattention and hemisphere specialisation. In: 
Friedland PP, Weinstein EA (eds) Advances in neurology. Vo118. Raven Press, New York, 
pp 1-31 

10. Gordon NG (1972) The Trail Making Test in neuropsychotogical diagnosis. J Clin Psychol 
28 : 167-169 

11. Hartje W, Orgass B, Poeck K, Kerschensteiner M (1974) St6rungen des visuellen Erken- 
hens nach einseitiger Hirnsch/idigung. Nervenarzt 45 : 67-72 

12. Kirk SA, McCarthy JJ, Kirk WD (1968) Illinois Test ofpsycholinguistic abilities. Univer- 
sity of Illinois Press, Urbana, Ill, US/', 

13. Oldfield RC (1971) The assessment ~, d analysis of handedness: the Edinburgh Inventory. 
Neuropsychologia 9 : 97-113 



338 W.H. Ehrenstein et al. 

14. Pizzamiglio L, Carli R (1974) Visual, tactile and acoustic embedded figure tests in patients 
with unilateral brain damage. Cortex 10 : 238-246 

15. Prinz W (1979) Integration of information in visual search. Q J Exp Psychol 31:287-304 
16. Rabbitt P (1978) Sorting, categorization and visual search. In: Carterette EC, Friedman 

MP (eds) Handbook of perception, Vol IX, chapter 3. Academic Press, New York 
17. Reitan RM (1958) The validity of the Trail Making Test as an indicator of organic brain 

damage. Percept Mot Skills 8 : 271-276 
18. Reitan RM (1959) A manual for the administrating and scoring of the Trail Making Test. 

Indiana University Press, Indianapolis, IN, USA 
19. Reitan RM (1966) A research program on the psychological effects of brain lesions in 

human beings. In: Ellis NR (ed) International review of research in mental retardation. 
Academic Press, New York, pp i53-218 

20. Reitan RM, Tarshes EL (1959) Differential effects oflateralizing brain lesions on the Trail 
Making Test. J Nerv Ment Dis 129 : 257-262 

21. Russo M, Vignolo LA (1967) Visual figure-ground discrimination in patients with uni- 
lateral cerebral disease. Cortex 3 : 113-127 

22. Teuber HL, Weinstein S (1956) Ability to discover hidden figures after cerebral lesions. 
Arch Neurol Psychiatr (Chicago) 76 : 369-379 

Received September 15, 1981 


