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Abstract—A new test to detect unilateral neglect was devised using a modified version of the
Wundt-Jastrow area illusion. The test was given to three groups of subjects: left brain damaged
(LBD), right brain damaged (RBD) patients and controls. Of RBD patients, 40.4% but no LBD
patient or control, showed responses inconsistent with the visual illusion when the determinant
features of the illusion pointed to the left visual field. These unexpected responses were highly related
to a clinical evaluation of the severity of the hemi-inattention disorder. The sensitivity of this test and
of other standard measures of hemi-neglect were compared. The possibility of identifying
qualitatively different forms of hemi-neglect was also discussed.

INTRODUCTION
As A RESULT of right cerebral lesions, patients may show a selective inability in responding and/or orienting attention
to stimuli in the hemi-space contralateral to the lesion (see DE RENZI [4] and HEILMAN and WATSON [9], for
extensive reviews). This defect, known as unilateral neglect, has dramatic and disruptive effects on many daily
behaviours, such as dressing, reading and eating.

From a clinical standpoint, unilateral neglect is evaluated by using several visual exploration tests. A well-known
example is the line cancellation task proposed by ALBERT [1], which requires the patient to cross all segments
scattered randomly over a piece of paper. A unilaterally defective performance is taken as an indication of unilateral
neglect. Other tests may require the patient to copy a sentence or a drawing, to bisect a line etc. What all these tasks
have in common is a strong praxic effort from the patient. A visual task requiring only simple verbal or mimic
responses directly related to the perceptual attentive evaluation of the stimulus would be useful.

The aim of the present study was to devise such a stimulus situation using an optical geometrical illusion. The so-
called simultaneous visual illusions are graphic configurations, such as some physical characteristics of the stimulus
(e.g., size, shape, position, etc.) perceived in a deformed way. In some size illusions, the illusory effect can be obtained
by the mere closeness of two figures with an identical area. A classic example is the Wundt—Jastrow illusion.
, The Wundt area illusion was presented for the first time by Muller-Lyer in 1889 (see ROBINSON [12]). Two
circular sectors (hereafter fans) of identical dimensions are drawn so that the longer curved side of one fan is next to
the shorter curved side of the other, so that the former fan appears larger (see Fig. la).

In 1891 Jastrow (cited in [12]) proposed a different version of this illusion in which the apparent difference in
length between the two components appeared to be greater (see Fig. lb). By modifying the physical parameters of
the stimulus, an apparent difference between the two figures of up to 10% resulted [10].

For the present-study a configuration was devised which is a further adaptation of the Jastrow illusion (details of
its construction are given in the stimuli section). This was done to allow enlargements or reductions in which the
left-right directional component was most evident. In order to do so fan thickness was of moderate width compared
to fan length, while their positions were the same as those of Jastrow. Furthermore, our configurations were drawn
in solid black (Fig. 1c). Phenomenically, the illusory effect can be described as follows: the fans in Fig. 1c seem to
depart from the left at about the same relative point and curve towards the right, the upper fan continuing while the
bottom one has already arrived, thereby appearing longer.

The reasons which suggest the usefulness of this illusory configuration in evaluating neglect are the following.
(1) The extremity where the two fans arrive seems to give the crucial information in producing the illusory effect;

covering up this part (see Fig. 1d) the situation wherein the bottom fan appears larger changes progressively to one
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FIG. 1. (a) The Wundt area illusion; (b) the Jastrow illusion; (c) the modified version of the illusion
used in the present study; (d) inattention to the area where the two fans appear to arrive produces a

reversai in the illusion; (e) geometrical parameters of the display used.
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in which the top fan appears larger, passing across a situation of subjective equality. If this part of the space is
neglected, abnormal responses are likely to be found.

(2) The illusion is very strong [10, 11]; preliminary results obtained in our laboratory showed that it did not
diminish even after several presentations.

(3) Pilot experiments in normal subjects showed that irrespective of different sizes of the figure and upward-
downward direction of the convexity, the illusion held.

(4) A simple response is requested with no praxic component.
The aim of the present study was to develop a diagnostic test of hemi-inattention based on a codification of the

Wundt-Jastrow illusion. It was hypothesized that patients with unilateral neglect would give responses different
from normal subjects when the "arrival" area of the fans was in the hemispace controlateral to their lesion. Whether
or not the illusory effect would vary as an effect of the dimensions of the fans and the orientation of their convexity
was also evaluated. In fact, different studies yielded conflicting results as to the influence of the dimension and
orientation ofthe stimulus on the extent of the unilateral neglect [2, 13]. Finally, it seemed important to compare the
validity and sensitivity of this visual configuratjon with other tests commonly used in neuropsychological
examination. The line cancellation [1], the letter "H" cancellation [5], a sentence reading test and a sentence
copying test were used for this purpose.

METHOD
Subjects

All 66 unilateral cerebro-vascular brain damaged patients from a rehabilitation centre were selected on the basis
of standard neurological and neuropsychological examination.

All patients had had a stroke at least 2 months prior to testing (X= 8.14, SD = 12.22). There were:
—47 right brain damaged (RBD) patients (27 males and 20 females aged between 50 and 85);
—19 left brain damaged (LBD) patients (13 males and 6 females aged between 43 and 82; nine patients were

aphasic);
—21 controls with no CNS lesion, aged between 48 and 77; in most cases, they were relatives of the patients.

Stimuli

Each stimulus is made of two fans of the same shape and surface, close to each other. In Fig. le the geometrical
parameters for the drawing are shown. Some of these parameters were kept constant:

—angle widths;
—the shifting direction of the centre of the arcs from the 0 point to the 0' point; such a shift is always on the

bisecting line of the 0 angle subtended to the above sector.
The following parameters were systematically varied: R1 varied from 34 mm to 340 mm (34 mm steps); R2 varied

from 42.5 mm to 425 mm (42.5 mm steps); S varied from 12 mm to 120 mm (12 mm steps).
Following this procedure ten stimuli of different dimensions were made. Each one was reproduced with two

orientations: upward or downward convexity; and with two directions: toward the left or the right. This produced a
total of 40 stimuli.

At the Constant viewing distance used, the horizontal visual angle of the ten dimensions varied between about
6 degrees for the smallest stimulus and about 58 degrees for the largest stimulus.

The stimuli, drawn on tracing paper, were reproduced on 42 x 30 cm white paper.

Procedure

The test was given in a room with diffuse artificial light. The stimuli were presented on a table in front of the subject
and kept in a fixed position at a viewing distance of about 35 cm from the centre ofthe stimulus.

For all patients, the 40 stimuli were presented in the same random sequence.
Each subject was requested to say (or to indicate by pointing) whether the top or bottom fan was larger.

Responses were classified in two categories: expected responses, in agreement with the illusory effect commonly
observed by normal subjects; unexpected responses, when the illusory effect was opposite to the one described
above.

The test score was the number of expected responses (0-40).
In the same session, all subjects were given the following tests according to standard procedure.

(1) Albert test [1]. The task is to cancel 21 segments displayed randomly on both halves ofa white sheet of paper
(42 x 30 cm). The score is the number of segments correctly cancelled out on the entire sheet (0-21 ). Control subjects

always respond correctly; one LBD and two RBD subjects leave one segment on the side ipsilateral to the lesion:
therefore any performance with two or more omissions in the controlateral side indicates a unilateral neglect.
(2) Letter cancellation test [5]. The test consists of checking out 104 letter "H's" among 312 capital letters
displayed on six lines. The score is the number of "H's" correctly checked out in each half of the page.

Following the same procedure as described in the previous test with the three groups of patients, a performance
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showing a difference equal or greater than four between the omissions in the two halves of the page is considered
pathological.

(3) Reading task. The patients read three sentences of five, ten and eleven words respectively. The omissions to the
left or to the right in reading any sentence or word are recorded: the score is the number of sentences read without
omissions (0-3).

(4) Copying task. The patient copies three sentences of five, nine and nine words respectively. As in the previous
test, the score is the number of sentences copied without omissions (0-3).

In both the latter tests control subjects showed completely correct performances; and LBDs never showed
omissions controlateral to the side of the lesion; therefore any omission indicated a unilateral neglect.

RESULTS
Control subjects produced 100% and LBD patients 99.6% of expected responses. The worst performance in the

latter group was one unexpected response which occurred for stimuli oriented either to the left or to the right.
Therefore when the difference between unexpected responses given for left oriented minus right oriented stimuli was
equal to or greater than two, the patient was considered hemi-inattentive.

Using the same cut-off score for the RBD group, 19 patients (40.4%) were considered hemi-inattentive, while 28
(59.5%) showed normal performances.

The analysis of RBD patients with hemi-inattention showed the following results:
(1) The number of unexpected responses was always greater when the misaligned extremities of the two fans

arrived into the space controlateral to the lesion: 11.1% of unexpected responses were given when the fans arrived at
the right space and 52.6% when they arrived at the left space (Wilcoxon T [19] = 10.0, P =0.01).

(2) When the fans were directed towards the left space, the upper/lower orientation of the stimuli did not produce
systematic changes: there were 50.5% of unexpected responses for upward convexity and 55.3% for downward
convexity (Wilcoxon T (16) = 53.5, n.s.).

(3) Expected and unexpected responses were not dependent upon the ten different dimensions of the stimuli
(Friedman X [9] = 7.16, n.s.).

(4) The illusory effect was constant through the testing session. Considering the situations in which the fans
arrived at the left space, there was no difference between unexpected responses in the first ten (55.8%) and the last ten
situations (49.5%; Wilcoxon T [18] = 55.0, n.s.).

The Wundt—Jastrow test score was correlated with judgements based on a five point scale of severity of the hemi-
inattentive disorder, independently given by two neuropsychologists who evaluated all clinical examinations of the
patients. A Spearman correlation equal to 0.83 indicated the sound discriminative power of the test.

The intercorrelations between the Wundt-Jastrow test and all other tests provided an estimate of concurrent
validity. Since no LBD patient showed hemi-inattention, the correlations were computed within the RBD group
only. The contingency coefficients ranged from 0.44 between the Albert test and the "'H" cancellation test, to 0.64
between the Albert test and Wundt-Jastrow test (all P 0.001). The number of patients classified as hemi-inattentive
differed sensibly in our group of subjects according to the tests used: 14 patients (32.5%) according to the Albert test,
23 patients (53.5%) according to the "H" cancellation test, 17 patients (39.5%) according to the reading test and 17
patients (39.5%) according to the copying test. Table 1 shows the omission and commission errors for each test.

Table 1. Each row shows the frequency of patients identified by the test in the
ordinate, but not by the test in the abscissa

In free vision tasks with no time limits, visual field defects per se are not expected to produce exploration biases
[13]. To evaluate this possibility in the Wundt-Jastrow task, two patients with left and one with right lateral
homonymous hemianopia without any sign of unilateral neglect were examined: none of them showed any
unexpected response when the fans arrived at the side controlateral to the lesion.

Albert — 4 1 3 1
"H" 7 — 7 8 9
Reading 4 1 — 2 3
Copy 6 2 2 — 5
W.J. 2 1 1 3 —

N. absent
N. present Albert "H" Reading Copy W.J.



NOTE 165

DISCUSSION
The results indicateci that, while normal subjects and LBD patients performed normally on the modified

Wundt-Jastrow illusion, a sub-group of RBD patients showed an asymmetrical pattern of unexpected responses,
most of them being made when the two fans pointed to the hemi-space controlateral to the lesion. These findings
suggest that this illusory display is a perceptual situation able to identify unilateral attentive disorders. It may be
observed that neglect patients on this task also displayed a small proportion of unexpected responses when the fans
pointed to the right hemisphere, a pattern absent in controis or in RBD patients with no asymmetrical bias. At
present, it is not clear whether this finding should be viewed as an expression of a general attentive disorder in these
patients or may be associated to a spatial deficit independent of the lateral attention bias.

Incongruent responses to the illusion were therefore taken as an indication of a unilateral neglect. They were: (a)
independent of the number of stimulus presentations, (b) insensitive to the upper/lower orientation of the stimuli
and (e) insensitive to the stimulus dimensions. The latter evidence is consistent with the results on the line bisection
task, where the size of stimuli is not important (8). Also, similar to what was observed in the line bisection task (13),
performance on the present test was independent from visual field defects.

Comparison with other tests of unilateral neglect showed that the frequency of unexpected responses in the left
space was correlated with other measures of attentive disorder and that the Wundt-Jastrow test is highly correlated
with a clinical evaluation of the degree of impairment.

Besides the similarity with other tasks developed to detect hemi-inattention, it is interesting to consider some of
the differences, rarely discussed in literature, among diagnostic tools in clinical use. Previous estimates of the
frequency of clinical appearance ofvisual neglect on a large population of brain damaged patients were 33% in a first
sample [7] and 32% on a subsequent sample with autoptic evaluation [6].

In the present sample, the frequency of neglect differed according to the test used. The observed frequencies with
four tests (Albert, reading, copying and Wundt-Jastrow test), slightly exceeded the previously reported ones; the
estimate based on the letter cancellation test was 20% greater than the other ones.

Some of the discrepancies between the reported data might be attributed to sampling differences (the present
population carne from a rehabilitative clinic instead of a neurological ward); additional explanations might have to
do with the different cognitive requirements of each test. Among the tests considered in the present work, the four
traditional tests differed from the Wundt-Jastrow test in at least two aspects: the first one was the requirement of a
praxic component (except reading); the second was an exhaustive and sequential scanning all through the stimulus.
The scanning was necessarily from left to right in reading and copying, preferentially for letter cancellation;
directionality was not required for the Albert test. Furthermore, the "H" cancellation, independent from the verbal
nature of the task, presented a relevant spatial density of the stimulus; DILLER et al. [5] showed that such a
characteristic increased omission errors in neglect patients. On the other hand the Wundt-Jastrow task did not
share any ofthe described requirements, but demanded a perceptual evaluation based on the totality of the stimulus.
Therefore it is possible that the Wundt-Jastrow test might be sensitive to qualitatively different aspects of hemi-
inattention in comparison with the other tests used.

In particular, while the Albert test presents no difficulties apart from inattention to one side of the space, the other
three tasks might present additional sources of difficulties due to their verbal nature [9] and to the necessary or
preferential left to right scanning. CHEDRU et al. [3] demonstrated a tendency for all brain damaged patients to begin
their exploration from the side homolateral to the lesion: in the case of RBD patients this tendency conflicts with the
directionality required by the verbal tasks. The particularly low performance of the RBD group in the letter
cancellation test may be attributed to these factors, with the additional negative influence of the stimulus density [5].

The difference in cognitive requirements of the Wundt-Jastrow test is supported by the analysis of two individual
patients, where a dissociation between this test and the other ones was found. One patient with severe disorders in all
other tests did not produce any unexpected response in this perceptual task; a second patient with more than 50%
unexpected responses on the left side showed normal performances on all verbal tasks and missed only one segment
in the Albert test. Such a dissociation suggests the utility of further attempts to provide a more articulated
description of neglect patients and, at the same time, the need for using qualitatively different tasks in a clinical
battery for such disorders.
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