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Abstract 

Objective:  To assess the diagnostic sensitivity of tasks employing feature and conjunction 

visual search in stroke patients with unilateral spatial neglect (USN). 

Design:  Group comparison. 

Subjects:  25 right-hemisphere damaged stroke patients with USN, 27 right-hemisphere 

damaged patients without USN, 20 left-hemisphere damaged patients and 39 healthy 

individuals. 

Methods:  Hit rate and reaction time measures of feature and conjunction search were tested 

using a newly developed computerized program for the assessment of visual spatial attention 

(VISSTA). In addition, subjects received a set of diagnostic paper-and-pencil tests employing 

target cancellation, copying, line bisection and representational drawing tasks, and they were 

also assessed for the impact of neglect on activities of daily living. 

Results:  The VISSTA program clearly differentiated between stroke patients and healthy 

controls, and between the different patient groups. USN patients showed significant 

contralesional disadvantage in both feature and conjunction visual search tasks.  

Conclusions:  The VISSTA is a simple, reliable and valid computerized tool for the 

assessment of spatial attention pathology in stroke patients. It is a useful sensitive adjunct to 

standard paper and pencil tests of USN, with the advantage of testing responses based on 

attention shifts under a time constraint. In addition, the learning effects that limit the 

usefulness of paper and pencil tests in longitudinal studies are less likely to affect the 

VISSTA, making it more suitable for monitoring treatment-induced or natural recovery by 

way of repeated testing.   
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INTRODUCTION 

Unilateral Spatial Neglect (USN) is a complex neurological disorder characterized by 

impairment in the ability to perceive or respond adequately to significant stimuli in the 

contralesional space (1, 2).  In neurobehavioral testing, upon request to search for target 

stimuli presented in extrapersonal space, patients usually detect mainly the ipsilesional 

stimuli. Likewise, when asked to copy a figure presented in front of them, or draw a 

schematic figure from memory, details in the side contralateral to the lesion side are likely to 

be omitted or distorted.   

USN affects the ability to function in many aspects of daily living and has serious 

consequences for rehabilitation and long term functional capacity (3-5). The syndrome is 

much more frequent and severe among patients suffering from right than left hemisphere 

damage (6). Although USN has been diversely explained as a disorder of basic mechanisms 

of action, intention, or representation, most researchers emphasize the role of impaired 

mechanisms of spatial attention (2).   

Theoretical models of spatial attention underline the role of two seemingly different 

processes operating in visual search tasks demanding stimulus detection and discrimination 

(7). First, there is rapid analysis of the entire visual field using spread attention and parallel 

processing. Target stimuli that are clearly distinct from the surrounding distracter stimuli by 

possessing a unique feature (e.g., a unique color unshared by any of the distracters) seem to 

'pop out' of the visual background and can be detected at this stage without much attentional 

effort. Second, there is a serial, effortful, object-by-object analysis, employing spatial shifts of 

a more focal and discriminative type of attention. This kind of process is necessary when the 

task demands discrimination of a target stimulus that differs from all its surrounding distracter 

stimuli by a unique combination of features (e.g., a specific combination of form and color 

where each of these two features is present in part of the distracter stimuli). The target 

stimulus is identified in this case by a conjunction of features. These two (feature, 

conjunction) visual search paradigms have been used extensively used with healthy subjects 

to examine the characteristics of normal spatial attention mechanisms (7-11).  

Based on the attentional accounts of the neglect syndrome, one would predict that USN 

patients will not exhibit marked spatial asymmetry performing a search task based on feature 

detection. In contrast, conjunction search tasks are expected to reveal marked contralesional 
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disadvantage. However, there are conflicting results in the literature with regard to these 

predictions. Some studies clearly show that patients with USN do have difficulties detecting 

targets in the contralesional side, even in simple feature search conditions (12-14). Thus, 

contralesional stimuli were shown to yield reduced hit rate and the reaction time to perceived 

contralesional stimuli was shown to be significantly prolonged (15).  In contrast, results from 

other studies seem to suggest that performance of feature based search might be preserved in 

USN and that contralesional deficits are found only in conditions of conjunction search (16, 

17). This lack of agreement may stem from the variety of methods used, the testing of small 

number of subjects, and the variability of lesions among tested patients (12). 

In clinical practice, assessment of USN is usually performed using traditional paper-and-

pencil tests employing cancellation, copying, line-bisection and drawing tasks (18-20). The 

shortcomings of such tests are discussed in terms of lack of theoretical modeling of normal 

performance, learning effects preventing re-employment for longitudinal monitoring of 

treatment efficacy, lack of ecological value in the absence of time constraints on test 

performance, inability to reflect the functional consequences of neglect and the severity of 

neglect-related disability, representation only of neglect in the peri-personal space, etc (21-

23). Some of these limitations motivated the recent development of computerized tests such 

as the Starry Night Test (SNT), which uses regularly feature search for quantification of 

lateral asymmetry and provides sensitive data on USN patients' detection accuracy and 

reaction time in different spatial sectors (24, 25).   

The newly developed computerized visual search test and training program VISSTA 

(Visual Spatial Search Task), presented in this paper, applies both feature and conjunction 

search principles to assess detection rate and reaction time (RT) in ipsi- and contra-lesional 

space. The aims of the paper are to report the psychometric properties of the VISSTA and the 

performance of stroke patients with and without neglect in the two tasks. The place for routine 

application of computerized visual search tasks in neurological rehabilitation is discussed in 

the light of this information.   
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SUBJECTS AND METHODS 

Participants 

Participants with unilateral brain damage were recruited for the study from a population of 

stroke patients undergoing rehabilitation at the Loewenstein Rehabilitation Center (Raanana, 

Israel). There were 3 pathological groups:  (a) 25 right hemisphere damaged patients with 

unilateral spatial neglect (RHD USN+); (b) 27 right hemisphere damaged patients without 

neglect (RHD USN-); (c) 20 left hemisphere damaged patients (LHD). Only right-handed, 

first-event stroke patients without previous or concurrent neurological or psychiatric diseases 

were recruited. Patients with visual field deficits shown in confrontation test were excluded. 

Patients were in the sub-acute stage of their disease, 3-12 weeks post stroke onset, in a stable 

clinical and metabolic state at the time of testing.  In addition we tested 39 non brain-damaged 

healthy subjects matched for age and educational level with the patients. All subjects in this 

control group were also right handed. Table 1 presents demographic, clinical and functional 

data of the participants. 

All RHD patients used their dominant right hand for responding. About two thirds of the 

LHD patients, in whom right hemiparesis precluded use of the right hand for response, used 

their non-dominant left hand. None of the patients reported this to be difficult, as the task 

employed just pressing of medium size response buttons set in front of them.   

 
Insert Table I about here 

Instruments 

Standardized diagnostic measures for unilateral spatial neglect (USN) 

The following standardized paper-and-pencil tests were used: (a) Behavioral Inattention 

Test - BIT (20), this widely used battery for the assessment of neglect in the visual modality 

contains 3 cancellation subtests, as well as copying, line-bisection and representational-

drawing tasks; the maximal score is 146 and the cut-off score for normality is 130; (b) The 

Mesulam and Weintraub random symbol cancellation task - MWCT (18), subjects have to 

identify a specific symbol printed 60 times [30 times on each side of the page] within a group 

of distracter stimuli of different shapes. A difference of 2 between left and right is considered 

as evidence for USN; we used the unstructured version which was found to be more sensitive 

to visual spatial deficits (26);  (c) ADL checklist (22, 27), an experienced occupational 
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therapist scores the patient's contralesional inattention as revealed in performance of ADL 

tasks; 10 items are rated on a 4 point (0-3) scale; symmetrical performance with no evidence 

of neglect on a given item is rated '0' and neglect is rated '1' to '3' depending on severity; 

higher scores within the 0-30 scale indicate more severe neglect manifestations in activities of 

daily living. In the absence of a golden standard for USN - a symptom complex where the 

different conventional measures have been shown to double dissociate – the patients in the 

present study were diagnosed as having USN on the basis of deficits revealed in the 

standardized MWCT, and those who showed contralesional disadvantage in this test were 

further examined with the BIT and the ADL checklist for neglect to corroborate the diagnosis.   

Disability measurement    

The Functional Independence Measure - FIM (28) is widely used to assess the degree of 

disability and burden of care in basic activities of daily living.  It consists of 18 items that are 

rated on a 7-point ordinal scale, from 1 indicating complete dependency to 7 indicating 

complete independence. The 18 items are divided to 2 factor scores: 13 items comprising the 

motor scale and 5 items comprising the cognitive scale. Functional status data are presented 

in Table 1.  

Computerized assessment of visual search performance   

The newly developed computerized visual search test and training program VISSTA 

(Visual Spatial Search Task) was designed to assess feature and conjunction search modes in 

brain-damaged patients. In the feature mode subjects are asked to detect a visual target 

differing in color from a group of simultaneously presented distracter stimuli (red circle being 

the target stimulus and blue circles being the distracter stimuli). The target stimulus is 

presented in one of 25 predetermined locations on the screen, in random order (5 locations in 

each quarter of the screen space). The number of distracters in a trial varies (from 3 to 23). In 

30% of the trials the target stimulus does not appear ('catch trials') and only distracters are 

presented. Analyses derived from signal detection theory utilize the response pattern revealed 

in catch trials to assess the subject's overall bias, or inclination, to respond in a given way. For 

example, increased tendency to produce 'false alarms' in catch trials may explain an extremely 

high rate of 'hits' in regular trials. For the purposes of the present study we used the rate of 

trials ending with 'correct rejection' (button press denoting explicit judgment of the subject 

that the target stimulus was absent in the trial) as a measure of success rate in the catch trials. 
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The overall number of trials is 108 per test. The subject is instructed to press a button as soon 

as the target stimulus is detected and another button if no target is detected, using the 

unaffected hand. The response buttons are placed in front of the subject in a position enabling 

comfortable selection and pressing without having to shift gaze away from the screen. Trial 

duration is 3000 msec, regardless of the subject's response. The main variables used for the 

analysis of spatial asymmetries in performance are 'hit rate' (HR) and 'reaction time' (RT).   

In the conjunction mode subjects are asked to detect the same visual target (red circle), 

however, this time there are two types of distracter stimuli (blue circles and red squares) each 

sharing one primary feature (either color or form) with the target stimulus. In this condition 

the specific combination of color and form distinguishes the target stimulus from the 

distracters. The experimental protocol is similar to the feature mode except that trial duration 

is longer (4500 msec, based on earlier experience with healthy elderly subjects).  

For training purposes the parameters of the VISSTA program (trial duration, number of 

trials, etc.) can be changed and graded. See Figure 1 for an illustration in black and white. 

As part of a large scale effort to obtain normative data for performance on the VISSTA in 

different age groups, we studied so far 150 healthy individuals at an age range of 15-90 years. 

Preliminary analyses of normal performance show a tendency for increased RT and decreased 

HR with the advancement of age. No significant differences were found between genders. For 

the purposes of the current study, test re-test reliability was checked in a subgroup of this 

sample, comprised of 61 healthy participants at an age range comparable to that of the 

patients (40-90 years). These subjects were asked to perform the VISSTA twice within 14 

days. Performance level (both HR and RT) did not show a significant difference between the 

first and the repeated tests (paired t-test using ά < 0.05:  feature mode - HR 1.48,  p > 0.1; RT 

1.51, p > 0.1; conjunction mode - HR 1.86,  p > 0.05;  RT 0.09,  p > 0.1) 

 

Insert Figure 1 about here 

Procedure 

All participants (healthy controls and the 3 patient groups) received basic training on the 

computerized search tasks, to ascertain that they understand the instructions and are capable 

of performing the two tasks. Testing on the VISSTA was conducted in one session, starting 

with the feature mode and continuing after a short break with the conjunction mode. In 
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addition, patients were examined with the standardized paper-and-pencil tests (BIT, MWCT) 

and the treating therapist completed the FIM and ADL checklist. The research was approved 

by the committee for Human Rights (Helsinki) and all participants signed an informed 

consent form before entering the study. 

 

Data analysis 

Analysis of performance on the VISSTA was done using SPSS [ver.12.1]. One-way 

ANOVA and coefficients contrasts (including post-hoc Scheffe and Bonferroni correction) 

were calculated to compare the groups' performance (HR and RT) on the two search tasks. 

Equal variance was not assumed for the significance of t-test values (based on the Levine 

test). Pearson correlation coefficients were calculated to examine the relations between visual-

search performance, the neglect paper-and-pencil tests and the functional measures. Non-

parametric Wilcoxon signed rank test was used to examine within-group parameters 

considering the relatively small sample in each group. 

 

RESULTS 

Visual search 

One-way ANOVA revealed significant group main effects at the 0.05 level for both HR 

and RT in (1) left-side presentation of the target stimulus, (2) right-side presentation of the 

target stimulus and (3) correct rejection in catch trials, both in feature and conjunction search 

modes (Table II a,b).  

Insert Table II a,b about here 

 

Post-hoc contrasts using Scheffe analysis, show that right-hemisphere damaged patients 

with neglect (RHD USN+) preformed significantly worse than the other 3 groups on all 

measures except HR for right-sided (ipsilesional) stimuli in the feature mode (Table III). 

Following application of Bonferroni correction (p < 0.013 for multiple comparisons within 

each condition), the relative disadvantage of the RHD USN+ patients remained most striking 

in HR and RT measures for left-sided (contralesional) stimuli. This was noted both in feature 

and conjunction search modes (Tables IIa,b and III).  
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Insert Table III about here 

 

Post-hoc contrasts revealed significant disadvantage in processing left-sided stimuli also 

for right-hemisphere damaged patients that performed above the cut-off level in the USN  

paper-and-pencil tests (RHD USN-). This group showed significant disadvantage relative to 

healthy controls and to left-hemisphere damaged (LHD) patients in HR to left-sided stimuli, 

both in feature and conjunction search modes. In addition, the RHD USN- group was at 

disadvantage relative to healthy controls and LHD patients in RT to perceived left-sided 

stimuli. However, the RHD USN- group manifested such disadvantage in the conjunction but 

not in the feature search mode, while RHD USN+ patients were at disadvantage in both 

modes (see Table III). 

LHD patients showed a significant disadvantage relative to healthy subjects in processing 

'catch trials'. In addition, Scheffe analysis showed that in processing right-sided stimuli 

(contralesional for this group), LHD patients revealed significant disadvantage compared to 

normal subjects in feature search (reduced HR) and in conjunction search (prolonged RT). In 

both search modes there was no deviation from normality in processing ipsilesional stimuli 

(see Table III).    

Finally, contrasts revealed significant differences between RHD patients with and without 

neglect in processing contralesional left-sided stimuli. Disadvantage of the RHD USN+ group 

was shown in the two search modes both in HR and RT. In addition, RHD USN+ patients 

were significantly slower responding to right-sided stimuli in the conjunction search mode 

(see Table III). 

   

Visual search - within groups comparisons 

Wilcoxon non-parametric analysis for related samples was used to compare the 

performance of subjects in each group in feature versus conjunction search modes. In all four 

groups RT was longer for the conjunction compared to the feature condition (RHD USN+: z 

= 3.7, p = 0.007; RHD USN-: z = 4.5, p < 0.001; LHD: z = 3.8, p = 0.001; Healthy control: z 

= 5.4, p < 0.001 (mean RT values are presented in Table IIb).   

RHD patients, both with and without USN according to paper-and-pencil tests, showed 

higher HR in feature relative to conjunction search mode (RHD USN+: z = 3.1, p = 0.002; 
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RHD USN-: z = 2.4,  p = 0.015). Comparison of HR and RT to right- versus left-sided target 

stimuli shows that in  feature search only the RHD USN+ group revealed significant side 

difference (contralesional disadvantage in HR: z = 4.1,  p < 0.001; contralesional 

disadvantage in RT: z = 3.7,  p < 0.001).  In the conjunction mode the same trend was 

observed for the RHD USN+ patients (HR: z = 4.1, p < 0.001; RT: z = 4.1, p < 0.001). In 

addition, in this search mode LHD patients showed contralesional (right side for LHD) 

disadvantage, with significantly longer RT (z = 2.3,  p = 0.02).  

 

Relationship between visual search performance and paper-and-pencil tests of USN  

Pearson correlation coefficients were calculated to examine the relation between HR in 

visual search and the total score in the MWCT, a widely used standardized test for neglect, 

based on target cancellation [18]. In  feature search significant correlations were found only 

for the RHD groups: RHD USN+ (r = 0.6, p < 0.001) and RHD USN- (r = 0.5, p < 0.05).  In 

contrast, the analysis of conjunction search performance revealed correlations of the HR with 

the MWCT scores in all four groups: RHD USN+ (r = 0.6, p < 0.005); RHD USN- (r = 0.8, p 

< 0.001); LHD (r = 0.6, p < 0.005); healthy controls (r = 0.5, p < 0.005).  

 

Relationship between visual search performance and functional capacity  

Pearson correlation coefficients were calculated to examine the relation between HR in 

visual search and the score in the ADL checklist for patients with USN. In this test higher 

scores indicate greater asymmetry and contralesional inattention revealed in basic ADL [22]. 

Patients in the RHD USN+ group showed a significant negative correlation between the ADL 

checklist score and the HR in the two search modes (feature: r = - 0.7, p < 0.001; conjunction: 

r = - 0.6, p < 0.01).  

Pearson correlation coefficients were calculated to examine the relation between HR in 

visual search and the FIM score. Significant correlations were found in the RHD USN+ group 

in the two search modes (feature: r = 0.5, p < 0.005; conjunction: r = 0.6, p < 0.001). In the 

RHD USN- group significant correlation was found only in the conjunction mode (r = 0.48, p 

< 0.005). In the LHD group the HR in both search modes did not correlate with the FIM 

score. 
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DISCUSSION 

 

The findings of the present study indicate that the VISSTA is a valid tool for the 

assessment of disturbances in visual-spatial attention among patients after stroke. The two 

principal measures of the program (HR and RT) clearly differentiated between stroke patients 

with USN and healthy age- and education-matched controls as well as patients without USN. 

The differences were most significant in the contralesional field, and were noted both in 

feature and conjunction search modes. USN patients were the only pathological group that 

showed contralesional disadvantage relative to normal performance, in the two search modes 

(feature and conjunction), both in HR and RT.  

RHD patients that scored above the cut-off level in conventional paper-and-pencil tests of 

neglect still differed significantly from healthy controls in HR for contralesional stimuli (in 

both search modes) and in RT to perceived contralesional stimuli in conjunction (but not in 

feature) search. The RHD USN- group did not differ from normal controls in any measure of 

performance related to ipsilesional (right-sided) stimuli. These findings mean that 

examination of visual search using the VISSTA reveals contralesional impairment in spatial 

attention not only among RHD patients that fail in traditional paper-and-pencil tests but also 

among patients that score above the cut-off level of the these tests.  

The higher sensitivity of the computerized test, relative to paper-and-pencil tests, in 

detection of lateral asymmetry in spatial attention, was revealed also in the disadvantage of 

LHD patients relative to normal controls in processing right-sided stimuli. The disadvantage 

shown by LHD and RHD USN- patients relative to normal controls in processing 

contralesional (but not ipsilesional) stimuli, points to the existence of significant ipsilesional 

bias in spatial attention in cases of brain damage that are not considered usually as suffering 

from USN (see also 15). In addition, the VISSTA revealed the existence in these patients of 

non spatially lateralized disturbances of attention, in the form of significantly lower rate of 

'correct rejection' in catch trials, i.e., increased tendency for 'false alarm' in terms of the 

signal-detection theory. Even if the full blown neglect syndrome, with its spatially lateralized 

and non spatially lateralized components, is absent in such patients, they may still benefit 

from therapeutic measures undertaken to reverse the spatial asymmetry and to increase the 

overall efficacy of attentional processes. Computerized search tasks can be used to detect the 
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occurrence of milder forms of ipsilesional bias in spatial attention, to aid in the treatment of 

such conditions, and to monitor their recovery.  

It is important to note in this respect, that the magnitude of contralesional impairment, as 

revealed by HR and RT to left-sided stimuli, was significantly higher, both in feature and 

conjunction search, among RHD patients who scored below the cut-off point in the standard 

tests (therefore diagnosed as USN+), as compared to RHD patients who scored above the cut-

off level (therefore diagnosed as USN-). However, it remains unclear whether the differences 

between the patient groups in the severity of contralesional disadvantage are qualitative in 

nature (i.e., reflecting different pathologies) or quantitative (i.e., reflecting basically the same 

pathology of spatial attention at different levels of severity). Within-group analyses of RT 

revealed an overall greater difficulty performing conjunction search compared to feature 

search in the three patient groups as well as in the normal control group. Extensive research in 

normal subjects revealed a similar pattern and was interpreted usually as implying greater 

attentional demands and effort in conjunction vs. feature search (9-11). The results of the 

present study that show greater sensitivity for conjunction search in demonstration of 

disadvantage of brain-damaged patients relative to normal subjects, and the fact that abnormal 

performance was revealed most clearly in the contralesional field, point to a strong attentional 

factor underlying the spatial asymmetry shown in the three pathological groups. It should be 

noted that USN is a multi faceted and multi factorial symptom complex, where the different 

diagnostic paradigms (e.g., cancellation, bisection and copying tasks) were shown to double 

dissociate (24, 33). There is no golden standard that can serve as a secure reference for 

neglect severity, and more importantly, for the complete exclusion of neglect related 

disturbances in spatial attention. 

The demonstration, in the present study as well as in earlier research (12, 14, 25), of 

significant lateral asymmetry in performance of  feature search tasks, in a syndrome 

conceived generally in terms of defective spatial attention, raises important questions 

concerning (a) basic theoretical claims for a feature-integration role of attention (9-11), and 

(b) the attentional accounts of the neglect syndrome (2). If attention is demanded for feature 

integration and lack of such demand is what makes feature search easier and distinct from 

conjunction search (9-11), than the robust evidence for contralesional impairment in USN, in 

feature as well as in conjunction search, seriously challenges the attentional explanations of 
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the syndrome. This finding points to an alternative mechanism in which improper 

representation of spatial relationships contralateral to the lesion side affects visual processing 

whether it is attention demanding or not. In fact, there is strong evidence for the existence of 

contralesional disadvantage in USN also in pre-attentive processing (e.g., 34); see (1, 2) for 

review of contrasting accounts, attentional and representational, of USN).  

As described earlier, it was also claimed that feature and conjunction search are sub 

served by two kinds of attention differing in spatial extent and resolution, namely, distributed 

and focused attention. In light of this account, the meaning of the spatial asymmetry shown in 

the two search modes is that USN affects both focused and distributed attention.  

From a clinical point of view, the greater sensitivity of conjunction search compared to 

feature search has a clear benefit in situations were residual impairment has to be monitored 

in partially recovered patients, for example, to detect residual contralesional inattention 

preventing safe driving of a car. However, in cases of severe USN, tasks employing 

conjunction search are likely to be too difficult for many patients, even with the use of small 

numbers of distracter stimuli. In such cases, testing the patients with feature search tasks can 

provide an accurate quantitative estimation of lateral bias in spatial attention, which is still 

more sensitive than paper-and-pencil tests (25).  

The possibility to use the VISSTA repeatedly in the same patient, first in the feature mode 

(close to onset time, when USN is severe) and afterwards in the conjunction mode (for 

quantification of residual USN in partially recovered patients), and the flexibility given to the 

clinician in choosing the degree of task difficulty in each mode, make it suitable for purposes 

of longitudinal monitoring of recovery, across a wide range of degrees of impairment.  

The dynamic nature of the task, with target stimuli changing their location in random 

manner in subsequent trials, makes performance less likely to be affected by learning. This 

was shown in test re-test reliability assessment (described in the Subjects and Methods 

section), in a group of healthy adult subjects who performed twice on the VISSTA, with an 

interval of several days between the two tests. In this group, both HR and RT remained 

without a significant change between the two testing sessions. This property is very important 

when using a test for evaluation of treatment efficacy. It is essential to know, when comparing 

post-treatment performance with baseline performance, that the gain is real, reflecting change 

in the spatial distribution of attention and not merely the formation of skill in performance of 
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a specific test. In this respect, conventional paper-and-pencil tests have a significant 

limitation. The static test format and the lack of time constraint make longitudinal assessment 

prone to under-estimation of residual neglect (with repeated test usage the scores raise, 

reflecting practice in performance of the specific test and not real amelioration in neglect 

severity).  

An important aspect of the VISSTA validation process, in addition to its correlation with 

standardized diagnostic paper-and-pencil tests, was to examine its correlation with a multi-

dimensional functional measure of USN, the ADL checklist (21, 22). USN patients showed 

significant negative correlation between the ADL checklist scores (higher scores meaning 

more inattention) and the hit rate in both feature and conjunction search modes. This finding 

is of special importance in view of the growing evidence that behavioral measurement of 

USN might be more sensitive than traditional paper-and-pencil diagnostic measures, in 

showing the important impact of this condition on daily living (23, 27, 31, 33).  

Due to the devastating implications of USN for rehabilitation outcomes and activity level 

post stroke (3, 29) further ecological validity analysis was done where performance on the 

VISSTA was correlated with the FIM score. As shown in Table I, patients with USN 

demonstrated higher disability in basic ADL compared to the two other patient groups. The 

performance of the RHD USN+ group in the VISSTA (HR in both feature and conjunction 

search modes) correlated with the FIM score, showing the relatedness of inattention as 

measured by the VISSTA with disability level in this group. RHD patients that scored above 

the cut-off point in the standardized USN tests, still showed correlation between HR in the 

more difficult conjunction task and FIM score. Lack of such correlation in the LHD group 

possibly means that lateralized inattention is less important than other factors (e.g., aphasia 

and apraxia) in these patients.    

One major limitation for the conclusions that can be drawn from the findings of this study 

relates to the fact that the subjects in the pathological groups were recruited from a population 

of patients that does not represent the entire stroke population. This is a consequence of (a) 

the policy of patient referral to rehabilitation (bias created by pre selection only of patients 

judged to have a potential for functional improvement; tendency to refer older victims of 

stroke to geriatric wards and not to specialized rehabilitation wards), and (b) the inclusion 

criteria set for this first assessment of the VISSTA, which aimed to reduce the number of 
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confounding variables (only first-event patients, only right handed patients, only stable 

patients, etc.). A much larger sample will have to be tested in order to enable control of all 

demographic, clinical and cognitive variables that might affect applicability and test results. 

Despite this limitation, it can be concluded that the VISSTA is a useful sensitive tool for 

the assessment of visual-spatial inattention after stroke. It provides both HR and RT 

quantitative measures that can serve for longitudinal monitoring of recovery and for 

evaluation of the efficacy of rehabilitation efforts directed toward normalization of lateralized 

inattention and neglect.  
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Table I.  Participants' demographic, neglect, and functional data 

LHD 
N=20 

RHD USN- 
N=27 

RHD USN+ 
N=25 

Healthy 
N=39 

 

 
12 / 8 

 

 
21 / 6 

 

 
17 / 8 

 

 
14 / 25 

 

Gender 
   male / female 
    

 
62.1 (10.3) 

43-78 

 
61.4 (9.4) 

39-74 

 
57.4 (12) 

29-75 

 
63.5 (13.6) 

40-83 

Age 
   mean (SD) 
   range 

 
12.0 (3.8) 

 
11.3 (5.1) 

 
11.6 (3.2) 

 
13.7 (4.1) 

 
Education years (SD) 

  
 
 

 
 

83.2 (35.4) 
26-130 

  
BIT total score 
   mean (SD) 
   range 
  

 
27.1 (2.8) / 26.8 (2.9) 

 
27.3 (4.1) / 27.2 (4.9) 

 
7.5 (6.9) / 18.2 (9.2) 

 
29.1 (2.1) / 29.3 (1.9) 

MWCT score 
   mean (SD)  left / right 

  
 

 
13.7 (7.5) 

  
ADL Checklist 

 
 

52.8 (16.5) 
22-86 

 

 
 

57.5 (21.7) 
21-91 

 
 

37.4 (22.2) 
13-85 

  
FIM (motor) 
   mean (SD) 
   range 

 
30.7 (4.6) 

25-35 

 
29.3 (6.8) 

14-35 

 
27.6 (5.1) 

16-35 

 FIM (cognition) 
   mean (SD) 
   range 

     
 
BIT = Behavioral Inattention Test (maximal score – 146 (20);  MWCT = Mesulam Weintraub Cancellation Test (maximal score per each side – 30 (18);  FIM motor = 
Functional Independence Measure, motor score (maximal score – 91) cognition score (maximal score – 35); ADL Checklist (intact – 0, maximal severity – 30 (22); RHD / 
LHD = right- / left-hemisphere damage; USN+/- = patients with/without unilateral spatial neglect. SD = standard deviation. 
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Table II a.  Hit rate in feature and conjunction search; One way ANOVA between groups 

Group  Feature search  Conjunction search 

 Target Left Target Right Catch Trials Target Left Target Right Catch Trials 

Healthy 0.98 (0.03) 0.96 (0.06) 0.98 (0.06) 0.93 (0.10) 0.92 (0.11) 0.92 (0.12) 

LHD 0.90 (0.21) 0.87 (0.19) 0.86 (0.22) 0.94 (0.07) 0.94 (0.06) 0.93 (0.09) 

RHD USN- 0.83 (0.24) 0.87 (0.15) 0.83 (0.24) 0.86 (0.13) 0.89 (0.13) 0.80 (0.22) 

RHD USN+ 0.53 (0.33) 0.86 (0.15) 0.72 (0.23) 0.41 (0.27) 0.77 (0.18) 0.67 (0.19) 

F (p) 23.2 (< 0.001) 3.7 (0.014) 9.7 (< 0.001) 61.7 (< 0.001) 9.6 (< 0.001) 14.3 (< 0.001) 

 

Table II b. Reaction time (msec) in feature and conjunction search; One way ANOVA between groups 

Group  Feature search  Conjunction search 

 Target Left Target Right Catch Trials Target Left Target Right Catch Trials 

Healthy 940 (451) 984 (420) 1123 (421) 1455 (617) 1590 (646) 2028 (507) 

LHD 1091 (295) 1189 (283) 1516 (580) 1697 (448) 1919 (523) 2644 (483) 

RHD USN- 1378 (977) 1225 (445) 1479 (420) 2024 (707) 1910 (700) 2538 (698) 

RHD USN+ 2523 (1261) 1421 (913) 1806 (682) 3702 (1000) 2256 (906) 2936 (1223) 

F (p) 20.5 (< 0.001) 3.2 (0.026) 9.2 (< 0.001) 53.5 (< 0.001) 4.6 (0.005) 7.8 (< 0.001) 

 
Mean and standard deviation values (in brackets) of hit rate (IIa) and reaction time (IIb) in the different conditions.  
RHD / LHD = right- / left-hemisphere damage; USN+/- = patients with/without unilateral spatial neglect.  
Catch trials = trials where no target was presented (in catch trials success rate refers to the rate of trials ending with 'correct rejection', as explained in the Method section).  
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Table III. Contrasts coefficients between groups 

Condition                                                      Target Contrast Hit Rate  Reaction Time 
   t p (2-tails)  t p (2-tails) 

Feature search Left 1 5.3 < 0.001  - 5.3 < 0.001 
  2 2.1 0.041  ns  

  3 ns   ns  

  4 4 < 0.001  - 3.8 < 0.001 

 Right 1 ns   - 2.3 0.026 
  2 ns   ns  

  3 2.1 0.049  ns  

  4 ns   ns  

 Catch trials 1 3.3 0.002  - 2.9 0.006 
  2 ns   ns  

  3 2.1 0.038  - 2.7 0.012 

  4 ns   - 2.1 0.038 

Conjunction search Left 1 8.8 < 0.001  - 9.4 < 0.001 
  2 2.7 0.011  - 2.9 0.006 

  3 ns   ns  

  4 7.5 < 0.001  - 4.9 < 0.001 

 Right 1 4 < 0.001  - 2.3 0.026 
  2 ns   ns  

  3 ns   - 2.1 0.044 

  4 ns   2.7 0.009 

 Catch trials 1 5.1 < 0.001  - 2.1 0.044 
  2 2.7 0.011  ns  

  3 ns   - 4.5 < 0.001 

  4 ns   ns  

Contrasts: 1 = RHD USN+ vs. the other 3 groups   3 = Healthy subjects vs. LHD 
2 = RHD USN- vs. healthy subjects and LHD   4 = RHD USN+ vs. RHD USN- 

In catch trials success rate refers to the rate of trials ending with 'correct rejection', as explained in the Method section.   ns = not significant 
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Figure 1. Example of feature and conjunction search tasks 

 

Feature search task (left panel): detection of the red circle (here illustrated by the gray circle) amongst the distracters – blue circles (here illustrated by the lined-gray circles). 
Conjunction search task (right panel): detection of the red circle (illustrated by the gray circle) amongst two types of distracters – blue circles (illustrated by the lined-gray 
circles) and red squares (illustrated by the gray squares). The increment in task difficulty and detection time in conjunction search can be experienced even in these simple 
examples. 


