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Summary. Visual identification of shapes, figures, objects and
faces was tested in a group of 26 patients with homonymous
field defects due to unilateral “posterior” brain damage. In
addition, a search test was used for evaluation of the effect of
visual field loss on visual information acquisition. Of the
patients, 5 performed entirely normally, i.e. errorless and
within age-matched time limits, in all tests. The majority of
patients (n = 15) also performed correctly but required signif-
icantly more time than normals. In contrast, 6 patients showed
a rather specific impairment in visual identification tasks. It is
argued that visual field loss per se does not impair visual iden-
tification but may affect visual search and, thus, information
acquisition. Visual identification may be impaired, however,
if brain damage involves the inferotemporal cortex.
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Introduction

Since the early work of Lissauer [5] and Siemerling [7] it has
been known that brain damage can cause impairments in vis-
ual object identification. Lissauer interpreted the identifica-
tion and recognition deficit in his patient as rather specific, i.e.
not secondary to impaired visual sensory functions, and there-
fore termed it as “agnostic”. Siemerling [7], in contrast, show-
ed that disturbance of “primary” visual abilities (visual field,
acuity, contrast and colour vision, visual search, etc.) can also
lead to severe impairment in object identification, which can
hardly be distinguished from “agnostic” disorders. Hence not
all impairments in object identification can be termed agnosia.

Since these early contributions, disorders of visual identifi-
cation have repeatedly been reported in the neuropsychologi-
cal literature (for reviews see [10] and [12]). Most authors, fol-
lowing Lissauer’s terminology, have interpreted impairments
in object identification as “agnostic” even though these
patients also suffered from severe “primary” visual deficits
[12]. Tt is not yet clear, however, to what extent primary visual
disorders can per se impair visual identification, and how one
could differentiate between this type of impairment and spe-
cific disorders of object identification.

To throw some light on this question we examined a group
of patients with visual field disorders due to unilateral brain
damage using a series of visual matching and identification
tasks. In addition, visual search was tested in order to evaluate
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in particular the influence of visual field loss on information
acquisition.

Patients and Methods

Patients. In total 26 patients participated in this study all
suffering from unilateral cerebrovascular brain damage. Side,
site and extent of lesions were evaluated on the basis of cranial
computerized tomography. Clinical details of patients are
summarized in Table 1. All patients suffered from visual field
loss; mean visual field sparing in the affected hemifield was
about 3° visual angle. Visual acuity, colour vision (as tested by
the Farnsworth-Munsell 100 hue test) and stereopsis were
within normal limits.

Formal testing did not reveal any severe neuropsychologi-
cal deficits (aphasic or memory disorders) which could inter-
fere with the testing of object identification. It is important to
note that none of the patients had difficulties in recognizing
familiar objects or persons.

Methods

All stimuli (shapes, figures, objects, faces) were presented as
black and white photographs. Except for the test on face con-
stancy, perspective of visual stimuli was kept constant. The
patients were allowed to perform the tasks without time limit.

Table 1. Clinical details of patients (n = 26). A: Patients with left-
sided (n = 12), B: with right-sided brain damage (n = 14). Inf: pa-
tients with infarction, IH: with intracerebral haemorrhage. M: mean,
R: range

A B
Age (years) M: 51 54
R: 21-77 24-78
Sex Females: 05 06
Males: 08 07
Aetiology Inf: 10 09
IH: 03 04
Time since lesion M: 7.4 8.1
(in months) R: 4-20 2-23
Visual field defects
Hemianopia 10 12
Quadranopia 02 01
Paracentral scotoma 01 00
Residual field M: 2.5 2.8
(in deg) R: 1-3.5 1-8
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Identification of overlapping figures was examined using a
modified version of Poppelreuter’s test [6]. Six stimulus dis-
plays were presented containing 5 overlapping figures each.
Thus, the “ground” in these displays did not consist of “visual
noise” but of other figures serving alternately as test stimulus
or ground. The subjects were instructed to name or outline all
figures they could identify.

Matching of Random Shapes. A total of 40 random shapes,
differing in various shape properties (size, spatial orientation,
number of corners etc.) were taken from a shape association
test [9]. Then 10 shapes were selected by chance as test stimuli
and each was shown as a separate photograph. The subjects
were asked to identify the test stimuli on the stimulus array
containing the 40 shapes by matching.

Matching of Composite Parts with the Complete Object or
Face. Subjects were asked to match a fragment of a photo-
graph of an object (e.g. a key, pliers, an electric bulb) with the
complete figure of this object. In addition to the object con-
taining the fragment, two other objects of the same category
(e.g. keys) with similar features as the fragment were shown
so that the subjects had to choose between 3 alternatives for
each fragment. A similar task was performed with faces using
6 fragments of unfamiliar faces, showing approximately one-
quarter of a face each. Subjects were asked to match these
fragments with 8 complete faces (4 females, 4 males). Face
fragments were selected in such a way that the subjects had to
choose between two alternatives.

Recognition of Incomplete Objects. Some 15 incomplete famil-
iar objects (e.g. a banana, a hammer, a shoe) were shown to
subjects who were asked to identify them by naming.

Face Constancy. To test face constancy we used the face rec-
ognition test of Benton and van Allen [2]. This test includes
matching of identical front-view photographs of a face (Part
A), matching of a front-view with views from different angles
(Part B), and matching of front-view photographs under dif-
ferent lighting conditions (Part C). The “test” faces differed
between and within the three parts of the test. Subjects were
asked to identify the “test” face, shown separately, in a dis-
play of 6 different faces containing the “test” face either once
(Part A) or three times (Parts B and C).

Visual Search. Visual search was tested using a modified ver-
sion of Poppelreuter’s visual search test [6]. The test consisted
of 40 different letters, numbers and two-dimensional geo-
metric forms, distributed quasi-randomly so that each quad-
rant of the display contained 10 stimuli. Then 10 test items
were shown separately in the centre of the display. The sub-
ject’s task was to discover the test stimuli as quickly as possi-
ble.

Before examining the patients, all tests, except that for
face constancy, were administered to 2 groups of 20 normal
subjects differing in age (mean age of young group: 33 years,
range: 2040; mean age of older group: 56 years, range 41—
78). The performance of these subjects was taken as a refer-
ence for patients with regard to errors and time required to
perform a particular test. For recognition of incomplete ob-
jects and face constancy only responses were recorded. Nor-
mative values for the test of face constancy were taken from
the literature [2].

Table 2. Mean search time and mean time required to perform the
different identification tasks (in min, range in brackets). Results of
normal subjects and of patients unimpaired in object identification
tasks (A: with left-sided brain damage, n = 9; B: with right-sided
brain damage, n = 11)

Normals Patients

Visual search <40 1.3 (0.9-1.7) A: 4.6 (2.9-8.2)

>40 1.7 (1.2-2.5) B: 43 (2.8-9.3)
Idenfication of 1.1 (0.7-1.9) A: 2.7 (1.8-8)
overlapping figures B: 2.9 (2-11)
Matching of random 2.1 (1.2-3.1) A: 8.2 (3.5-12)
shapes B: 7.9 (3.8-11.3)
Matching part-whole, 3.5 (2.24.1) A: 7.8 (3.7-15.6)
objects B: 9.3 (4.1-18.6)
Matching part-whole, 2.4 (1432 A: 9.7 (2.7-24.2)
faces B: 9.3 (3-26.1)

Data were statistically analysed using the t-test (two-tailed
critical values) and the Pearson correlation coefficient.

Results

Normal Subjects. Both groups of normals performed all tests
errorr-free. Regarding performance time, the older group re-
quired significantly more time than the younger only in the
visual search test (P < 0.01).

Patients

(1) Visual Search. The performance of all patients was error-
free in the visual search task. In contrast, search time was sig-
nificantly increased in the majority of patients (21 cases) as
compared to age-matched normals (P < 0.01; see Table 2).
Although they also suffered hemianopia with field sparing of
less than 3° visual angle, 5 patients performed within the nor-
mal age-matched range of time.

As for normals, we also found a significant correlation
between search time and age in brain-damaged patients (r =
0.56, P < 0.05). Furthermore, in the group of cases with im-
paired visual search, search time correlated significantly with
the amount of field sparing (r = —0.78, P < 0.02) indicating
that patients with small field sparing required, as a rule, more
time for search. However, as indicated previously, 5 hemi-
anopic patients also performed normally despite field sparing
of less than 3° visual angle. Time since lesion also seemed to
play a role since correlation between search time and this var-
iable was significant (» = —0.83, P < 0.02) indicating that pa-
tients who were tested earlier after brain damage performed
more slowly than patients tested later. Search times did not,
however, differ significantly between patients with left- and
right-sided brain damage (P > 0.50).

(2) Patients Without Impairment in Visual Identification Tasks.
In the visual identification tasks 21 out of 26 patients per-
formed without errors in all tests. However, only those 5 cases
who had performed within normal time limits in the visual
search task, also did so in the identification tasks, except in
the part-whole matching task. The other patients of this group
(n = 15) required significantly more time than normals in all
tests (P < 0.01). Data are shown in Table 2 for those tests for



Table 3. Performance of patients (mean number of errors, and mean
time in min, range in brackets) showing impairment in object identifi-
cation tasks (n = 6)

Errors Time (in min)
Visual search 00 5.2 (3-8.6)
Identification of overlapping figures 5.5 (4-8) 4.8 2.1-7)
Random shape matching 3.2 (2-5) 6.8 (4-12.2)
Matching part-whole, objects 5.8 (3-8) 10.5 (5.7-16.6)
Matching part-whole, faces 4.7 (3-6) 9.7 (8-11)
Recognition of incomplete objects 6.7 (3-8) —
Face constancy 6.3 (3-8) —

Table 4. Reduction in test performance in 6 patients with “posterior”
brain damage showing specific object identification impairment

Matching part-whole, objects 85%
Matching part-whole, faces 78%
Face constancy 68%
Recognition of incomplete objects 45%
Matching of random shapes 30%
Identification of overlapping figures 18%

which time was recorded. Again, there was no difference
between patients with left- or right-sided brain damage with
respect to time required to perform the tests (P > 0.20).

(3) Patients with Impairment in Visual Identification Tasks. A
small group of patients (n = 6; 3 with left-, and 3 with right-
sided lesions) showed a relatively high number of errors in the
identification tasks (Table 3). They did not differ significantly,
however, from the unimpaired group with respect to search
time and time required to perform the tasks (P > 0.10). Tak-
ing into account the number of items in each test, the percent-
age of failures differed widely as shown in Table 4. Matching
part-whole for objects and faces was, on average, most se-
verely impaired, followed by face constancy. In these 3 tasks,
all patients failed to some extent. A less severe performance
deficit, not present in all cases, was found for identification of
incomplete objects and for matching of random shapes.

Qualitative analysis of errors revealed that patients mainly
had difficulties in selecting all the properties required for cor-
rect identification, e.g. 1 patient assigned a screwdriver to one
of three other screwdrivers using only the shape of the handie
but disregarding differences in the tip. Another patient, in
contrast, matched a female face only on the basis of the ear-
ring. It is interesting to note that these patients did not benefit
from additional instructions or cues. They were convinced
that their performance was correct and refused to reconsider
their decision.

Discussion

Our observations indicate that unilateral “posterior” brain
damage can affect visual identification performance in two
different ways: either patients need more time to perform the
tests correctly because of difficulty with information acquisi-
tion or they may be impaired in selecting appropriate proper-
ties for identification.

Homonymous visual field defects were, at least in our
group of patients, presumably the most relevant factor impair-
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ing visual information acquisition. Especially when involving
the central portion of the visual field, field loss may impair
patients’ view over a stimulus array. As a consequence, they
had to shift their gaze more often than normals between and
within objects in order to perceive them completely and, thus,
be able to identify and match them. Furthermore, as the out-
come of the visual search test suggests, visual search was also
very often impaired in patients with field defects [4, 6]. An-
other factor which might, at least in part, also be responsible
for the elevated search and recognition times in these patients
is mental slowness [3].

Summarizing these observations, it can be concluded that
visual field loss per se does not impair object identification if
sufficient time is given to the patient to perform the task.
However, with limited testing time, incorrect responses might
occur.

In contrast to the patients with increased identification
time but otherwise unimpaired object identification perform-
ance, a small group of cases had difficulties in selecting and
using the object properties required for correct identification.
These patients used, as a rule, only a few (global or local)
object properties. It seems as if these patients match shapes,
figures, objects or faces merely on the basis of correspondence
of single properties, not taking into consideration whether or
not these properties are sufficient for correct matching. This
failure may be interpreted as evidence for a rather specific im-
pairment, since identification and selection of object features
obviously represent essential processes in object recognition.
It is important to note, however, that none of these patients
failed in recognizing objects; their impairment was only dis-
covered by tasks demanding highly specific selection of
stimulus properties.

With regard to brain pathology, all patients with specific
impairment in object identification showed, in addition to oc-
cipital damage, damage to the inferotemporal region support-
ing the hypothesis that this brain region plays an essential role
in object identification [1, 8, 11]. In contrast, none of the
patients with error-free performance in the identification tasks
suffered from inferotemporal damage. It remains, however,
open to further investigations which parts of the inferotem-
poral region are critically involved in visual identification.

In conclusion, for testing patients with “posterior” brain
damage one should take into account difficulties in visual
search, especially in cases with visual field defects which, as a
rule, impair visual information acquisition. In contrast to this
“unspecific” impairment however, specific identification dis-
orders as characterized, e.g. by the inability to select all the
properties required for correct identification exist. The ability
to identify and select the “critical” object features requires
perceptual as well as cognitive components which should,
therefore, be considered as interactive and not as separate
processes.

Acknowledgement. We wish to thank Prof. D.von Cramon and Prof.
R.Cohen for helpful comments, and Phil Hoole for grammatical
corrections.

References

1. Alexander MP, Albert ML (1983) The anatomical basis of visual
agnosia. In: Kertesz A (ed) Localization in neuropsychology.
Academic Press, NewYork



64

. Benton AL, Van Allen MW (1968) Impairment of facial identifi-

cation in patients with cerebral disease. Cortex 4:344-358

. Birch HG, Belmont J, Karp E (1967) Delayed information pro-

cessing and extinction following cerebral damage. Brain 90:113—
130

. Chedru F, Leblanc M, Lhermitte F (1973) Visual searching in nor-

mal and brain-damaged subjects (Contribution to the study of uni-
lateral inattention). Cortex 9:94-111

. Lissauer H (1890) Ein Fall von Seelenblindheit nebst einem Bei-

trag zur Therapie derselben. Arch Psychiatr Nervenkr 21:222-270

. Poppelreuter W (1917) Die psychischen Schidigungen durch

Kopfschuf3 im Kriege 1914-16. Bd I: Die Stérungen der niederen
und hoheren Sehleistungen durch Verletzungen des Ok-
zipitalhirns. L Voss, Leipzig

. Siemerling E (1890) Ein Fall von sogenannter Seelenblindheit

nebst anderweitigen cerebralen Symptomen. Arch Psychiatr
Nervenkr 21:284-299

10.

11.

12.

. Ungerleider LG, Mishkin M (1982) Two cortical visual systems.

In: Ingle DJ, Goodale MA, Mansfield RTW (eds) Analysis of vis-
ual behavior. The MIT Press, Cambridge, MA

. Vanderplas JM, Garvin EA (1959) The association value of ran-

dom shapes. J Exp Psychol 57:147-154

Warrington EK (1985) Agnosia: the impairment of object recog-
nition. In: Frederiks JAM (ed) Handbook of clinical neurology,
vol 1 (45): Clinical neuropsychology. Elsevier Science Publishers,
Amsterdam

Weiskrantz L, Saunders RC (1984) Impairments of visual object
transforms in monkeys. Brain 107:1033-1072

Zihl J, von Cramon D (1986) Zerebrale Sehstorungen. Kohl-
hammer Verlag, Stuttgart

Received December 10, 1986



