
Revisãoartigo original Analysis of exploratory eye movements in patients 
with schizophrenia during visual scanning of projective 
tests’ figures

Análise dos movimentos oculares de pacientes com esquizofrenia durante a 
exploração visual de figuras de testes projetivos

Katerina Lukasova1, Lívia Lemos Zanin2, Marcel Valois Chucre2, Gamaliel Coutinho de Macedo3,  
Elizeu Coutinho de Macedo2,4

ABSTRACT

Objective: Compare pattern of exploratory eye movements during visual scanning of the Rorschach 
and TAT test cards in people with schizophrenia and controls. Method: 10 participants with schizo-
phrenia and 10 controls matched by age, schooling and intellectual level participated in the study. 
Severity of symptoms was evaluated with the Positive and Negative Syndrome Scale. Test cards were 
divided into three groups: TAT cards with scenes content, TAT cards with interaction content (TAT-
faces), and Rorschach cards with abstract images. Eye movements were analyzed for: total number, 
duration and location of fixation; and length of saccadic movements. Results: Different pattern of 
eye movement was found, with schizophrenia participants showing lower number of fixations but 
longer fixation duration in Rorschach cards and TAT-faces. The biggest difference was observed in 
Rorschach, followed by TAT-faces and TAT-scene cards. Conclusions: Results suggest alteration in 
visual exploration mechanisms possibly related to integration of abstract visual information. 

RESUMO

Objetivo: Comparar o padrão do movimento ocular durante a inspeção dos cartões dos tes-
tes projetivos Rorschach e TAT em pessoas com esquizofrenia e controles. Método: Partici-
param 10 sujeitos com esquizofrenia e 10 controles, pareados por idade, escolaridade e nível 
de inteligência. A severidade dos sintomas foi avaliada com a Escala das Síndromes Positiva e 
Negativa. Os cartões dos testes foram divididos em três grupos: figuras do TAT representan-
do ambientes, figuras do TAT com faces humanas e figuras abstratas do teste Rorschach. Os 
movimentos oculares foram analisados para: número total, duração e localização das fixações 
e comprimento dos movimentos sacádicos. Resultados: Foram encontradas diferenças no 
padrão do movimento ocular, e pessoas com esquizofrenia apresentaram menos fixações 
nos cartões do teste Rorschach e TAT-faces. Maiores diferenças foram observadas nos cartões 
do Rorschach, seguidos pelo TAT-faces e, por último, TAT-ambiente. Conclusões: Os resul-
tados sugerem alteração nos mecanismos de exploração visual, possivelmente relacionada 
com a integração da informação visual abstrata.
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INTRODUCTION

People with schizophrenia suffer from cognitive impairment 
related to memory, attention, and cognitive functioning1 
with impact on different activities2. Studies aim to identify 
physiological and cognitive dysfunction which are pres-
ent before and during the onset of the disease to enable a 
creation of new instruments and procedures for differential 
diagnosis3-5. The analysis of the eye movement pattern is 
one of the researched procedures that showed a possibility 
to distinguish, with 89.0% sensitivity, patients with schizo-
phrenia from those with other psychiatric diseases and from 
healthy subjects6. 

The basic properties of eye movements studied in schizo-
phrenia are fixations and saccadic movements. Fixation oc-
curs when the eyes stop for a brief time period (200-300 ms) 
enabling the visualized image to be focused and processed 
in different encephalic regions7. Rapid eye movements be-
tween two fixations are known as saccadic and their length 
depends on the characteristics of the stimulus observed, 
among other factors. 

Two research approaches in eye movements of patients 
with schizophrenia have been explored. The first one verifies 
the pattern of fixations regarding figures with different con-
tents and the second one analyzes the dynamic properties 
of the saccadic movements in the smooth pursuit tasks8. The 
following parameters are analyzed in both approaches to 
describe the pattern of visual scanning: total number of fixa-
tions the subject accomplishes during the visual scanning of 
a stimulus, mean duration of fixations and length of sacca-
dic movements6. Differences between patients with schizo-
phrenia and controls have been identified in different tasks: 
smooth pursuit eye movements3, closed-eye movements9, 
and exploratory eye movements10-12. 

Different stimuli are used to analyze the pattern of visual 
scanning among subjects with schizophrenia. Comparing 
patients with schizophrenia and healthy subjects, variation 
of exploratory eye movements pattern is less pronounced 
when viewing stimuli, such as a landscapes13 and is greater 
during the visual exploration of human faces or a social 
context14. Images of real and concrete objects tend to be 
more easily perceived than non-structured, ambiguous and 
abstract images. Thus, abstract Rorschach test cards15 elicit 
higher level association and projection than when perceiv-
ing a scene and people in the Thematic Apperception Test 
(TAT)16 cards. 

Rorschach test cards have been used to correlate eye 
movements with clinical symptoms and stimuli charac-
teristics among schizophrenia patients11. Eye movements 
were registered during the 15 seconds that the cards were 
presented and the clinical symptoms were assessed by the 
Brief Psychiatric Rating Scale. The results indicated that the 
total number of fixations and the number of fixations in the 

areas of interest were lower albeit their duration was longer 
among patients with schizophrenia. Besides, the number 
of fixations in the areas was inversely correlated with posi-
tive symptoms. Thus, the visual exploratory eye movement 
behavior in patients with schizophrenia was affected by the 
characteristics of the visual stimuli and was correlated to 
clinical symptoms. 

Other studies that used the Rorschach test cards17 aimed 
to verify whether abnormalities in visual tracking in schizo-
phrenia are associated with deficits in the executive function. 
Indeed, results have shown that schizophrenia patients dis-
play a decrease in the number of fixations and an increase 
in the duration of fixation, which suggest impairment in the 
abilities of visual organization and processing of complex 
information. These findings indicate the possibility of using 
the measure of visual tracking in the search of a marker that 
identifies cognitive deficits in schizophrenia patients. 

Other studies of exploratory eye movements use more 
concrete images, such as human faces with emotional and 
neutral expressions18. Results have shown that both patients 
with schizophrenia and healthy controls display more fixa-
tions in the faces with positive or negative emotional content 
than in neutral faces. However, subjects with schizophrenia 
showed fewer fixations, as well as fixations with longer dura-
tion. Besides, these eye movement parameters were related 
to the patients’ clinical condition and intellectual level, since 
the duration of fixation was inversely correlated to the scores 
in the Raven Intelligence Test and the Positive and Negative 
Syndrome Scale (PANSS). These findings indicated the rel-
evance of studies on eye movements, as for many psycho-
logical assessment tools used for assessment of people with 
schizophrenia require a good perception capacity1. 

This study aimed to compare the pattern of exploratory 
eye movements during the visual scanning of the Rorschach 
and TAT projective tests between patients with schizophre-
nia and healthy controls. In Brazil, projective tests are still in 
great use for assessment in psychopathologies, specifically 
for screening of psychodynamic aspects of personality19. Be-
sides, little validity and liability report, the performance on 
projective tests is influence by visual organization and pro-
cessing of complex information. There for, the study intends 
to assess visual uptake strategies on different projective 
stimuli.

METHODS

Participants 

Ten participants (7 men) with schizophrenia and 10 healthy 
controls matched at the individual level by gender, age, 
schooling, and intellectual level have participated. The mean 
age of participants was 29.3 years and they had 7.6 years of 
schooling. Participants with schizophrenia were diagnosed 
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according to the DSM-IV-R and all were outpatients under 
drug treatment with the atypical antipsychotic risperidone 
for 1 to 2 years time. The average age of schizophrenia on-
set was 22.7 years (SD = 3.0) and had the mean record of 
1.3 hospitalization (SD = 1.2). The exclusion criteria for both 
groups were: mental retardation, history of trauma or disease 
associated with sequels in the cognitive functions, history of 
schizoaffective disorder, substance abuse or disorders devel-
oped in childhood. None of the controls had a psychiatric 
history in their family members up to the third degree. All 
participants were with normal or corrected-to-normal vision. 
The participants had signed a written informed consent be-
fore the assessments, and the study was approved by the 
Institutional Ethical Review Board (nº 914/04/2006).

Instruments 

The Positive and Negative Syndrome Scale (PANSS) was used 
for the assessment of the severity of the positive and nega-
tive symptoms of the subjects with schizophrenia. PANSS is 
a widely used scale that provides balanced representation 
of symptoms and has been validated for Brazilian use20. The 
scale is composed by 30 items divided into 3 groups: posi-
tive, negative and general symptoms scales. The symptoma-
tological type is determined according to the scores in each 
of the scales, being each item scored from 1 (absent) up to 
7 (extremely severe). If three or more symptoms in the posi-
tive scale and less than three symptoms in the negative scale 
receive a score equal to or higher than 4, then the symptom-
tology is Positive. If three or more symptoms in the negative 
scale and less than three symptoms in the positive scale re-
ceive a score equal to or higher than 4, then the symptoma-
tology is Negative. If three or more symptoms receive a score 
higher than or equal to 4 in both scales, the symptomatol-
ogy is Mixed. When the former criteria are not met, the clas-
sification is None. 

The general intelligence quotient (IQ) was assessed with 
the Raven’s Progressive Matrices Test. The test consists of 60 
patterns from each of which a section has been removed 
and the correct answer is a best match selected from an ar-
ray of six options displayed bellow each matrice. The use of 
Raven’s Test was motivated by its less time consuming ap-
plication and the fact that it is a culture-free test suitable for 
the use with São Paulo’s low class population which due to 
migration has been exposed to different cultural influences. 

The cards of the Rorschach and TAT projective tests were 
digitalized and displayed on the computer’s screen. In this 
study, the cards I, II, V, VIII of the Rorschach test11 were used 
in addition to 8 cards of the TAT, that were divided in two 
groups according to the content of each card. Cards 2, 8, 9, 
and 13 depict scenes with images from nature, people, and 
other concrete objects. Cards 6, 7, 10, and 12 show faces of 
two persons involved in some type of interaction and re-
lationship not easily interpretable. Therefore, three stimuli 

groups were formed: 4 TAT cards with scenes contents (TAT-
scenes), 4 TAT cards with interaction content (TAT-faces), 
and 4 Rorschach cards with abstract images (ROR). 

For presentation of the stimuli and eye movements track-
ing, the Eyegaze System® (LC Technologies Inc) was used. 
The system records eye movements in real time from the re-
flection of the cornea in the pupil’s center (PCCR-Pupil-Cen-
ter-Corneal Reflection) at a sampling frequency of 60 Hertz. 
We used a PC with an Intel Pentium® III processor with 128 
Mb RAM memory, 2Mb screen board, 15” liquid crystal dis-
play with 800x600 pixels, camera support with high-speed 
infrared-sensitive lens and infrared light emitting diode. The 
average luminance of the screen with the stimulus frames 
presented was 85 cd/m2 and that of the assessment room 
was 4 cd/m2. We used an ophthalmologic device to sup-
port the subject’s head (LF-M4, DFV S/A) as to prevent head 
movements and to keep the participants’ eyes at 50 centi-
meters from the computer’s screen21.

Procedures

At first, we selected the medical charts of patients who at-
tended the mental health outpatient unit of a city in the 
Greater São Paulo and who met the inclusion criteria. In the 
first session we applied the PANSS scale and the Raven in-
telligence test22. In the second session, the eye movements 
were assessed during the visual scanning of the cards which 
were displayed on the screen for 10 seconds. At the end of 
the presentation of each card the participants should report 
what they had seen. Eye movement parameters registered 
were: Total Number of Fixations (NF), Mean Duration of Fixa-
tions (MDF), Mean Length of Saccadic Movements (MLS) and 
site of the fixations. The participants of the control group 
were selected among the outsourced employees of the Uni-
versity.

RESULTS

Characterization of the participants 

There was no significant difference (F[1,18] = 0.230, p < 0.64) 
between the groups in the Raven test scores, although con-
trols (M = 29.40, SD = 10.07) scored in average 3 points more 
than patients with schizophrenia (M = 26.50, SD = 16.23). The 
results on the PANSS scale indicated that 6 subjects scored 
for none, 2 for negative, 1 for positive and 1 for mixed symp-
tomatological type. The mean dose of risperidone used was 
4 mg/day (SD = 1.14).

Analysis of eye movements

The visual scanning pattern of the three groups of cards was 
analyzed by means of MANOVA for NF, MDF e MLS. Besides, 
the area in which fixations in the Rorschach test cards oc-
curred was also described. The significance level adopted 
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was 5%. Levene’s Test of Equality of Error Variances was per-
formed to measure if the sample had equal variances. The 
mean values and the standard deviation for NF, MDF, and 
MLS are described in table 1.

ence between groups of cards (F[2,36] = 26.338, p < 0.0001). 
Post-Hoc LSD Analysis revealed that ROR had a significantly 
higher MDF (M = 445.86, SD = 96.16, p < 0.001) when com-
pared to the TAT-faces (M = 358.11, SD = 77.92) and the TAT-
scenes (M = 337.36, SD = 57.75). There was no significant dif-
ference between the two types of TAT cards. In the group 
analyses, there was not a significant main effect (F[1,18] = 3.064, 
p < 0.1).  

The MLS was also significantly different between the 
groups of cards (F[2,36] = 177.851, p < 0.0001). Post-Hoc LSD 
Analysis indicated that in the TAT-scenes cards, the mean 
length of saccades was significantly higher (M = 5.25o, SD 
= 0.72o) than those in the TAT-faces cards (M = 4.68o, SD = 
0.70o, p < 0.0001) and the ROR (M = 3.33o, SD = 0.52o, p < 
0.0001). MLS was not significantly different between groups 
(F[1,18] = 0.80, p = 0.383) although schizophrenia participants 
had in average a lower mean saccade length between two 
fixation points. 

Table 1. Visual scanning measures for the three groups of cards. 
Means and standard deviation (SD) are reported for Number of 
Fixations (NF), Mean Duration of Fixation in milliseconds (MDF) and 
Mean Length of Saccadic movements in degree of visual angle 
(MLS) in participants with schizophrenia and healthy controls 

Participants 
with 
schizophrenia 
(N = 10)

Healthy 
controls 
(N = 10)

Total

(N = 20)

MANOVAs 
F[1,18]

NF 
(ROR)

20.32 (4.24) 23.45 (2.26) 21.89 (3.67) F = 4.23 
p = 0.05

NF 
(TAT-faces)

24.33 (4.20) 28.15 (3.36) 26.24 (3.86) F = 6.29 
p = 0.02

NF 
(TAT-scenes)

25.95 (4.09) 29.08 (3.06) 27.51 (3.86) F = 3.74 
p = 0.07

MDF (ms) 
(ROR)

478.09 
(122.75)

413.62 (46.3) 445.86 (96.16) F = 2.42 
p = 0.12

MDF
(TAT-faces) 

385.98 (15.30) 330.24 (34.48) 358.11 (77.92) F = 2.80 
p = 0.11

MDF
(TAT-scenes) 

352.66 (72.52) 322.36 (35.49) 337.36 (57.75) F = 1.44 
p = 0.25

MLS (deg)
(ROR) 

3.16 (0.63) 3.50 (0.34) 3.33 (0.52) F = 2.28 
p = 0.15

MLS
(TAT-faces) 

4.52 (0.92) 4.84 (0.39) 4.68 (0.70) F = 1.16 
p = 0.30

MLS
(TAT-scenes) 

5.22 (0.93) 5.26 (0.55) 5.25 (0.72) F = 0.01 
p = 0.90

The NF in the three groups of cards was significantly 
different (F[2,36] = 37.244, p < 0.0001). Post-hoc analysis indi-
cated that the number of fixations in the ROR (M = 21.89, 
SD = 3.67) was significantly lower (p < 0.001) compared to 
the TAT-faces (M = 26.24, SD = 3.86) and the TAT-scenes (M 
= 27.51, SD = 3.86). No significant difference was found in 
NF between both types of TAT cards (p < 0.09). In the group 
analyses, there was a significant main effect (F[1,18] = 6.294, 
p = 0.02). Indeed, an analysis with MANOVAs showed that 
participants with schizophrenia made significantly less fixa-
tions than controls for TAT-faces and ROR (both p < 0.05), 
but not for TAT-scenes (p < 0.1). Levene’s Test of Equality of 
Error Variances revealed that the variances were equal across 
groups.

As for the MDF, within a limited stimulus presentation 
time of 10 seconds, the MDF and NF are proportionally re-
lated and the higher number of fixations reflects  on the 
shorter fixation`s durations. Although, the MDF – NF rela-
tion is not linear since some time is spend on saccades and 
drifts, a high similarity between the NF and MDF analyses is 
expected. For MDF, MANOVA indicated a significant differ-

Figure 1. Example of scanning behavior on Rorschach cards 
showing the distribution of fixations of all participants with 
schizophrenia (the left figure of each pair) and healthy controls 
(right figure of each pair). 

Card I

Card II

Card V

Card VIII

Card I

Card II

Card V

Card VIII
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Figure 1 shows the fixations of both groups of partici-
pants in the Rorschach cards. Considering that both groups 
differed regarding the number of fixations in the Rorschach 
cards, a new analysis was done to verify if they also differed 
regarding the area of the fixations. For quantitative assess-
ment of fixations’ distribution, three areas of interest (AOI) 
were defined in three regions: central (C), left (L) and right (R). 
These regions were defined according to the areas outlined 
in the Classification Manual of the Rorschach Comprehensive 
System15. Thus, the AOIs comprised different areas. In card I, 
region C corresponded to areas 1 and 2; region E, to areas 3 
and 5, and region D, to areas 4 and 6. In card II, region C cor-
responded to areas 3 and 4; region E, to areas 1 and 5; and 
region D, to areas 2 and 6. In card V, region C corresponded 
to areas 1 and 2; region E, to areas 3 and 5, and region D, to 
areas 4 and 6. Finally, in card VIII, region C corresponded to 
areas 1, 2, 3 and 4; region E, to area 5 and region D, to area 6. 
The fixation rate for each AOI was calculated by dividing the 
absolute fixation number in AOI area by the card’s total num-
ber of fixations and multiplied by 100.

Between-groups MANOVAs were accomplished, but 
there was no significant difference in the proportion of fixa-
tion for AOIs of any card (F[1,18] = 2.63, p < 0.2). Within-subjects 
analysis showed a main effect for AOIs (F[2,36] = 73.46, p < 
0.001), with both groups showing more fixations in the cen-
tral AOIs, than in the peripheral ones (Table 2).

cards, followed by the TAT-faces and TAT-scenes. Changes 
in visual scan pattern was found in other studies indicating 
that eye movement properties are altered in schizophrenia 
patients6,11-13,23,24 and in their first-degree relatives4. 

Eye movement studies show that even in simple tasks, 
such as saccades directed to a target, the generation of eye 
movements is mediated by bottom-up sensorial processes 
and top-down complex cognitive processes. During the 
visual perception, there is an intermediation between the 
encephalic stem structures, such as the superior colliculos, 
which are involved in the mapping of the visual space and 
are connected to cortical structures, such as the frontal cor-
tex, which is involved in the planning of the direction and 
inhibition of the saccades25. Therefore, even in the simple 
visual scanning tasks, the pattern of eye movement is in-
fluenced and can be also modified by the type and com-
plexity of the stimulus and the instruction received26. In-
deed, eye movement patterns differ between subjects with 
schizophrenia and attention-deficit hyperactivity disorder 
(ADHD) depending on the type of instruction given and the 
requested response. Subjects with schizophrenia showed 
longer fixations and shorter lengths of saccadic movements 
when they watched simple drawings and answered to 
global questions about what was happening. However, fo-
cal questions about a specific fact of the figure did not gen-
erate different pattern from those found in healthy controls 
and participants with ADHD27. 

In this study, the instruction given was the same for all 
the cards, independently of their content. Thus, the differ-
ences found in exploratory eye movement pattern changed 
according to the cognitive demand that each stimulus rep-
resented for the observer’s perceptual processing. In ROR 
cards, a concrete object is perceived from abstract inkblots. 
As for the TAT-faces and TAT-scenes, the presence of two hu-
man faces suggesting interaction and landscape requires a 
global processing. The results of this study showed that all 
the participants responded to the change in stimulus by the 
change in number of fixation. Since there is expected an 
inverted relation between number of fixations and fixation 
duration in limited exposition time, one could suggests that 
highly structured stimulus such as TAT-scenes evoke more 
dynamic externally driven eye scan, while less structured ab-
stract inkblots and TAT faces stimulate less fixations of longer 
duration, possibly a reflection of internally driven stimulus 
integration. It was on these kind of stimulus that participants 
with schizophrenia differed from healthy controls and pre-
sented reduced visual exploration. 

For the saccades length, the difference between the 
groups on Rorschach inkblots was bigger, though not sig-
nificantly, than on TAT-scenes and the lack of significance 
can be due to the small size of sample. Other studies found 
significance differences in saccades length on Benton Test12 
and schematic drawings of human faces13,28. 

Table 2. The fixation rate and Standard Deviation (SD) for the 
three Areas of Interest (AOI) in the Rorschach test cards 

Participants with schizophrenia 
(N = 10)

Healthy controls
(N = 10)

MANOVAs 
F[1,18]

AOIs Left Central Right Left Central Right

Card I 
(%)
(SD)

18.34
(15.74)

56.95
(19.78)

23.32
(17.45)

19.19
(11.89)

63.56
(18.44)

17.23
(9.81)

F = 1.8 
p = 0.2

Card II
(SD)

16.01
(10.27)

72.92
(12.96)

11.06
(11.85)

20.31
(16.59)

71.95
(15.30)

7.74
(5.93)

F = 0.4 
p = 0.7

Card V
(SD)

19.51
(7.95)

47.64
(25.07)

32.84
(26.73)

19.27
(13.48)

54.07
(8.86)

26.03
(9.62)

F = 0.3 
p = 0.7

Card 
VIII
(SD)

15.88
(6.41)

69.56
(20.27)

13.80
(14.71)

25.56
(13.98)

54.17
(23.61)

20.24
(11.48)

F = 2.1 
p = 0.1

DISCUSSION

This study aimed to describe and compare the exploratory 
eye movement pattern displayed in the scanning of cards 
of the Rorschach and TAT projective tests in patients with 
schizophrenia and controls. There were differences in the 
pattern of eye movements according to the type of stimu-
lus with schizophrenia patients making fewer fixations when 
compared to controls. The difference in these properties of 
exploratory eye movement was higher in the Rorschach test 
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Visual-processing deficit, a well documented difficulty to 
perceive figure-ground pictures and objects partially obstruct-
ed or fragmented, was found in individuals at clinical high 
risk for psychoses, which did not differ from in-patients with 
schizophrenia on Rorschach inkblots perception29. Reduced 
visual exploration can be responsible for visual-processing def-
icit. As our results indicate, such a deficit is more top-down re-
lated considering a similar intake strategy showed by fixations 
proportion on Rorschach cards areas of interest. Schizophre-
nia participants placed their fixations proportionally in similar 
areas as their healthy controls. Thus, an uptake of visual infor-
mation was accomplished but its integration might be slowed 
on high level bases. To what extent this is due to medication 
remains unclear. Studies correlating eye movement proper-
ties, symptomatology and medication dose have shown dis-
cordant results6,11-13,23,28. Controlled studies comparing the ef-
fects of risperidone and olanzapine have found a decrease in 
the mean length of the saccadic movements in schizophrenia 
patients compared to controls but no difference was found 
among patients due to the medication type30.

To explain a cause of a reduced visual exploration is beyond 
the scope of this study and further studies are needed to inves-
tigate the role of executive function in visual information inte-
gration and the effect of medication on eye movements. One of 
the draw backs of the present study was the limited number of 
participants with schizophrenia. This should be taken in consid-
eration for the findings’ generalization. Other limitation is a lack 
of interrogation after the cards application so that correlation 
could be made between an eye movements and the person’s 
perception. The last point to be addressed is a need to include  
experimental groups with different medication, so that a pos-
sible influence of drugs on the eye movements is assessed.

CONCLUSION

This study described eye movement properties during the 
scanning of projective tests’ cards and found different pat-
tern of eye movements in participants with schizophrenia in 
abstract stimulus that can be attributed to altered integration 
of visual information. It pointed to the relevance of studies 
on eye movements, since projective tests are instruments fre-
quently used in the psychological assessment. Other studies 
with larger groups of participants should replicate the pro-
cedure and further investigate the attention mechanisms in-
volved in abstract stimulus processing. 
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