
HAL Id: hal-03653820
https://hal.science/hal-03653820v1

Submitted on 28 Apr 2022

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Cognitive disorganisation in schizotypy is associated with
deterioration in visual backward masking

Céline Cappe, Michael Herzog, Daniela Herzig, Andreas Brand, Christine Mohr

To cite this version:
Céline Cappe, Michael Herzog, Daniela Herzig, Andreas Brand, Christine Mohr. Cognitive disorganisation
in schizotypy is associated with deterioration in visual backward masking. Psychiatry Research, 2012, 200,
pp.652 - 659. ⟨10.1016/j.psychres.2012.07.001⟩. ⟨hal-03653820⟩

https://hal.science/hal-03653820v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Psychiatry Research 200 (2012) 652–659
Contents lists available at SciVerse ScienceDirect
Psychiatry Research
0165-17

http://d

n Corr

E-m
journal homepage: www.elsevier.com/locate/psychres
Cognitive disorganisation in schizotypy is associated with deterioration
in visual backward masking
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a b s t r a c t

To understand the causes of schizophrenia, a search for stable markers (endophenotypes) is ongoing.

In previous years, we have shown that the shine-through visual backward masking paradigm meets the

most important characteristics of an endophenotype. Here, we tested masking performance differences

between healthy students with low and high schizotypy scores as determined by the self-report O-Life

questionnaire assessing schizotypy along three dimensions, i.e. positive schizotypy (unusual experi-

ences), cognitive disorganisation, and negative schizotypy (introvertive anhedonia). Forty participants

performed the shine-through backward masking task and a classical cognitive test, the Wisconsin Card

Sorting Task (WCST). We found that visual backward masking was impaired for students scoring high

as compared to low on the cognitive disorganisation dimension, whereas the positive and negative

schizotypy dimensions showed no link to masking performance. We also found group differences for

students scoring high and low on the cognitive disorganisation factor for the WCST. These findings

indicate that the shine-through paradigm is sensitive to differences in schizotypy which are closely

linked with the pathological expression in schizophrenia.

& 2012 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Psychosis is a severe mental disorder affecting individuals
usually during late adolescence to early adulthood causing severe
personal, familial, and societal harm (see Ernst and Cacioppo,
1999 for overview; Patel et al., 2006; Salize et al., 2009).
Representative examples of harm include that many patients
show difficulties establishing close personal relationships, with-
draw socially even from family members, have drug problems,
depict cognitive impairments, and depend on public support such
as regular health service and financial support, because patients
are commonly unable to hold a job. Patients with psychosis face
unfavourable prognosis (Bottlender et al., 2003). Despite immense
scientific progress, full etiological understanding and successful
treatments are still desperately missing (Levine et al., 2012;
Tandon et al., 2008). Given that earlier detection of the disease
generally results in better prognosis (Bird et al., 2010; Larsen
et al., 2011; Marshall and Rathbone, 2006), factors predicting
vulnerability to the illness are warranted. Genetic analysis has
determined a plethora of candidate genes. However, each gene
d Ltd. All rights reserved.

: þ41 21 693 1749.
explains only a small share of the genetic risk to suffer from
psychosis (Sanders et al., 2008). For this reason, there is an
ongoing search for stable tests, so-called ‘‘endophenotypes’’
which are thought to reflect certain gene combinations under-
lying the disease. According to Gottesman and Gould (2003), an
endophenotype needs to: (i) be associated with the illness in the
population, (ii) be state independent, (iii) show a familial associa-
tion, (iv) co-segregate within families, and (v) be heritable.

We have established a potential endophenotype with a high
sensitivity and specificity based on visual backward masking
(Chkonia et al., 2010a; Herzog et al., 2004). We used the shine-
through masking paradigm in which a target vernier was pre-
sented. A vernier comprises two horizontally offset vertical lines
and observers indicate whether the lower line is offset to the left
or right relative to the upper line (Fig. 1; see also Herzog and
Koch, 2001; Herzog et al., 2001). Patients with schizophrenia as
compared to controls are only slightly impaired in this task
(Herzog et al., 2004). However, when a masking grating follows
the vernier, offset discrimination is dramatically deteriorated in
patients as compared to controls (Herzog et al., 2004). As required
for an endophenotype (Gottesman et al., 2003), firstly, unaffected
relatives of patients with schizophrenia showed stronger masking
deficits than healthy controls (Chkonia et al., 2010a). Secondly,
masking deficits in patients did not significantly change within
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Fig. 1. A vernier (duration adapted for each participant individually; 0–20ms is

shown as an example)’’ was followed by a grating comprising 25 lines (A). We

determined the SOA (VDþISI) between vernier and grating onset yielding a

predefined performance level (with VD for vernier duration). We also used a

grating comprising 5 lines (B).
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a year indicating state independency (Chkonia et al., 2010a,b).
Thirdly, masking deficits were specific to psychosis (schizophre-
nia, bipolar disorder, schizoaffective disorder) and were absent
in non-psychotic diseases such as depression (Chkonia et al., in
press). Fourthly, the test is very sensitive and specific in distin-
guishing patients with schizophrenia from unaffected controls as
determined with Receiver Operating Characteristics (ROC) analy-
sis (sensitivity: 87%; specificity: 89%, Chkonia et al., 2010a).
Further evidence for an endophenotype would be demonstrated
if patients with milder forms of psychosis (e.g. schizotypal
personality disorder, Reichenberg and Harvey, 2007 for a review)
or unaffected people with psychotic-like (i.e. schizotypal) features
show also deficient backward masking performance.

The schizotypy concept was originally introduced as a genetic
diathesis-stress model for schizophrenia (Meehl, 1962). This
concept is based on the assumption that symptoms of schizo-
phrenia exist on a spectrum. Patients with schizophrenia show
the most severe expression of these symptoms whereas schizo-
typal individuals in the general healthy population show mildest
expression. This dimensional approach is supported by studies
reporting that preselected, highly schizotypal subjects show cog-
nitive (Gooding et al., 1999; Kim et al., 2011; Park et al., 1995),
attentional (Gooding et al., 2006; Sarkin et al., 1998), behavioural
(Kelley and Coursey, 1992) and physiological (Klein et al., 1999;
Pizzagalli et al., 2000) deficits similar to those of patients with
schizophrenia. Such behavioural similarities between schizotypy
and schizophrenia were also observed in randomly selected indi-
viduals from the general population for whom schizotypal features
are quantitatively less prominent yet qualitatively equivalent
(Barnett and Corballis, 2002; Brugger and Graves, 1997; Ettinger
et al., 2005; Kalaycioglu et al., 2000; Mohr et al., 2001; Stefanis et al.,
2006). Because of these behavioural similarities along the spectrum,
the respective tests were considered endophenotypes (e.g. Ettinger
et al., 2005; Gooding et al., 2006). However, it is currently hard to
determine whether the deficits of high schizotypes in these tests lie
in between the ones of patients and controls, because the task
difficulty in these paradigms often differs between clinical and
schizotypy studies (Barch et al., 2003; Kerns and Becker, 2008;
Koychev et al., 2012) or even different paradigms are used across
studies to test for the same functions (for visual backward masking,
e.g. see Butler et al., 2002; Merritt and Balogh, 1989). When the
same paradigm was applied, performance was best for controls (low
in schizotypy), relatively deficient in schizotypal individuals (Kim
et al., 2011; Lenzenweger and Korfine, 1994), and worst in patients
with schizophrenia (Gold et al., 1997; Laurent et al., 2000).

Conventionally, in the search for endophenotypes of schizo-
phrenia, most research has focused on cognitive markers such as
deficits in sustained attention (Cornblatt and Erlenmeyer-
Kimling, 1985; Cornblatt and Malhotra, 2001), working memory
(Barrantes-Vidal et al., 2007; Glahn et al., 2003), cognitive flex-
ibility (Wobrock et al., 2009), and verbal fluency (Lin et al., 2011;
Wobrock et al., 2009). Cognitive tasks such as the Wisconsin Card
Sorting Task (WCST) have been shown to reveal deficits not only
in patients, but along the schizophrenia spectrum (Kim et al.,
2011; Rajji et al., 2009; Suhr, 1997; Szöke et al., 2005). Perfor-
mance in the WCST relies on a variety of (cognitive) sub-functions
such as mental flexibility, executive functioning, and working
memory (Eling et al., 2008; Hartman et al., 2003). This variety
may impede the understanding of the underlying brain mechan-
isms. Moreover, various studies reported no WCST deficits along
the schizophrenia spectrum (Jahshan and Sergi, 2007; Stratta
et al., 1997) as well as diminished WCST performance in other
psychiatric (Martin et al., 1991; Waford and Lewine, 2010) and
neurological (Paolo et al., 1996) conditions. For these reasons,
simpler tests and tests with a high sensitivity to distinguish
between different populations are of interest, such as the visual
backward masking paradigm (Chkonia et al., 2010a; Herzog et al.,
2004).

Here, we tested performance in 40 undergraduate students
with the same visual backward masking paradigm and the same
version of the WCST we used in our study on schizophrenia
previously (Chkonia et al., 2010a). In addition, we used the O-Life
schizotypy scale assessing positive symptoms, negative symp-
toms, and cognitive disorganisation, i.e. the same dimensions
usually described for schizophrenia (Liddle, 1987b; Mason et al.,
1995, 2005). As mentioned, if visual backward masking is a
reliable endophenotype, we expect deteriorated masking perfor-
mance for individuals with high scores on schizotypy, particu-
larly, for the positive and the cognitive disorganisation dimension
in accordance with previous schizotypy studies (e.g. Ettinger
et al., 2005; Herzig et al., 2010; Lenzenweger and Korfine, 1994;
Schofield and Claridge, 2007; Stefanis et al., 2006).
2. Methods

2.1. Participants

Thirty eight undergraduate psychology students from the University of

Lausanne (eight males) and two students from the Ecole Polytechnique Fédérale

of Lausanne volunteered. Participants were naı̈ve to the study question, fluent

French speakers, and had a mean age of 21.1 years (S.D. 2.0 years, range 19–27

years). Participants had normal or corrected to normal vision as determined with

the Freiburg visual acuity test (Bach, 1996), i.e. all participants reached a value of

40.8 for at least one eye. Most (n¼37) were right-handed according to a

standardized handedness questionnaire (Oldfield, 1971). Participants took part

to obtain course credit or a financial compensation for their time. The study was

conducted in accordance with the guidelines of the declaration of Helsinki. All

participants provided written informed consent prior participation after having

received detailed written study information. As indicated by self-report, none of

the participants reported a current or previous history of psychiatric or neurolo-

gical illness (Mohr et al., 2006).

2.2. Self-report questionnaire—short O-Life

The short O-Life questionnaire (Mason et al., 2005) is a validated 43-item self-

report questionnaire assessing schizotypy in terms of four dimensions. Positive

schizotypy is assessed by 12 items pertaining to Unusual Experiences (UnEx,

maximum score 12, including items such as ‘Are your thoughts sometimes so

strong that you can almost hear them?’), negative schizotypy is assessed by 10

items pertaining to Introvertive Anhedonia (IntAn, maximum score 10, including

items such as ‘Do you prefer watching television to going out with people?’), and

Cognitive Disorganisation is assessed by 11 items (CogDis, maximum score 11,

including items such as ‘Are you easily confused if too much happens at the same

time?‘). Finally, 10 items assess Impulsive Nonconformity (maximum score 10),

which does not represent a schizotypy dimension (Mason et al., 1995). For each

item, participants have to indicate whether the statement is true or false. The

number of positive responses (some items are reversely formulated) is summed so

that higher scores indicate higher schizotypy. Normative English values can be

found in Mason et al. (2005) and the scale has shown good internal consistency as

well as high correlations with the original O-Life questionnaire (Mason et al.,

1995, 2005). Here, we used a French version of the O-Life questionnaire that has

been translated and back-translated (normative values on the French version of

the O-Life questionnaire are to be presented elsewhere).



Table 1
Schizotypy subscores.

Current sample Mason et al. (2005)

Mean7S.D. Range Median Mean7S.D. Cohen’s d

UnEx 3.572.9 0–9 3 3.472.9 0.05

CogDis 4.872.7 0–10 5 4.472.9 0.14

IntAn 1.971.6 0–6 2 2.572.0 �0.28

Schizotypy subscores of the present sample together with normative values from a

previous sample (Mason et al., 2005). The means of the present sample are

compared with the normative sample using Cohen’s D. (SD: Standard Deviation,

UnEx: Unusual Experiences, CogDis: Cognitive Disorganisation, IntAn: Introvertive

Anhedonia).
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2.3. Low-level and high-level function tasks

2.3.1. Shine-through backward masking test paradigm

Stimuli were presented from a distance of 3 m in a dimly illuminated room.

A pixel of the screen comprised about 1800 (arcsec) at this distance. The stimuli

were white (100 cd/m2) on a black background. In a first step, we presented

vernier stimuli which consisted of two vertical bars of 100 (arc min) length which

were offset in the horizontal direction. In each trial, the vernier offset direction

was chosen randomly. Participants indicated the offset direction of the lower bar

compared to the upper bar (binary task). Errors were indicated by an auditory

signal. For each observer, we determined the individual vernier duration (VD) to

reach 75% correct responses using a staircase procedure (Fig. 1; for details, see

Herzog et al., 2004). In the second step, we used a vernier offset size of 1.150 for all

observers and individual VD as defined in the first step. The vernier was followed

by a variable inter-stimulus interval (ISI), i.e. a blank screen, and then a grating

was displayed for 300 ms (Fig. 1). The grating consisted of either 5 or 25 verniers

without offset of the same length as the target vernier (referred to as BM5 or

BM25 respectively, BM for backward masking).

The 5 element grating leads to stronger masking than the 25 element grating

even though the 5 element grating is contained in the 25 element grating (Herzog

and Koch, 2001). This difference in masking strength indicates that a substantial

part of the masking power is not of retinal origin because retinal processing is

mainly determined by the sheer amount of light, e.g., the number of grating

elements presented. In addition, we used both the 5 and 25 element gratings to

cover the different ranges of sensitivity of patients and controls. Patients with

schizophrenia showed strong deficits with the 25 element grating whereas

controls performed in the ceiling regime. In the current study, we again expect

ceiling performance with the 25 element grating in the high and low schizotypy

populations, but expect the 5 element grating to be more sensitive to reveal

differences between the schizotypy populations.

The horizontal distance between grating elements was about 3.330 . We varied

the ISI adaptively using a staircase procedure (PEST; Taylor and Creelman, 1967).

We assessed the ISI target which yields a performance level of 75% correct

responses (in the figures, we plot Stimulus-Onset Asynchrony (SOA)¼VDþ ISI,

rather than ISI). The starting value of the SOA was 200. Conditions were presented

in blocks of 80 trials.

2.3.2. Wisconsin Card Sorting Test (WCST)

We administered a computerised version of the WCST (Berg, 1948; used from

the PEBL Psychological Test Battery: http://pebl.sourceforge.net/battery.html) in

which four cards were displayed at the top of the computer screen. Each card

showed items that differed from the other three cards in three dimensions,

namely, in shape (crosses, triangles, circles or stars), number (1–4 items) and

colour (red, blue, yellow, and green). A fifth card was then presented on the

bottom of the screen, and participants needed to match the fifth card according to

either the shape, number of items or colour by clicking on one of the four cards

displayed at the top of the screen.

Participants were not told according to which dimension they were supposed

to match the cards. After 10 correct trials, the matching criterion changed.

The maximum number of trials was 128. The experiment always ended as soon

as participants had completed nine categories (three times for each rule). Feed-

back about whether or not cards were successfully matched was given after each

response.

From the WCST, various measures can be extracted (Gooding et al., 1999;

Wagman and Wagman, 1992). Here, we used the total number of errors (sum of

total errors, perseverative errors, and non-perseverative errors) as the dependent

variable, in line with our previous study (Chkonia et al., 2010a).

2.4. Overall procedure

The tests were administered in the following order: shine-through backward

masking paradigm, WCST, and O-LIFE questionnaire. The procedure took about

90 min to complete. Additional visual tests were conducted to assess effects of

broader visual perception. These tests were conducted at the end of all other tests

and are not reported here.

2.5. Data analysis

To best compare our current findings with previous clinical studies (Chkonia

et al., 2010a; Herzog et al., 2004), we split our population into high and low groups

at the median scale scores (Table 1) for each subscale separately resulting in a high

(n¼21) and low (n¼19) UnEx group, a high (n¼22) and low (n¼18) CogDis group,

and a high (n¼22) and low (n¼18) IntAn group. It is important to note that a

participant can belong to the high group in one dimension and to the low group in

another dimension. A further consequence of this approach is that the number of

participants differs between the high and low schizotypy groups. Because of that,

we computed statistics for each schizotypy dimension separately.
In the case of the shine-through masking task, to test whether performance

differed between the respective schizotypy groups, we performed separate

repeated measures ANOVAs for each schizotypy dimension with performances

(SOA) in the two masking conditions (BM5, BM25) as repeated measure and

schizotypy group (high, low) as between-subject factor. To investigate whether

significant differences between schizotypy groups for the shine-through masking

task are also observed for the higher cognitive task (total number of errors in the

WCST), we compared this measure between the high and low schizotypy subscale

groups in three independent samples t-tests.

Kolmogorov–Smirnov tests revealed normal distribution for all behavioural

measures and questionnaire scores. All p-values were two-tailed and the a-level

was 0.05.
3. Results

3.1. Participants’ schizotypy scores

Schizotypy subscores can be found in Table 1 including means
(7S.D.) and ranges. Spearman’s correlations between schizotypy
subscores show similar values as in previous reports (Herzig et al.,
2010; Mason et al., 1995; Tsakanikos and Reed, 2003) showing
positive correlations between UnEx scores and CogDis scores and
between UnEx and IntAn scores (Table 2). There was no significant
correlations between CogDis and IntAn scores (Table 2). Self-report
measures were compared to a previously published normative
English sample (Mason et al., 2005) via calculations of Cohen’s d. In
accordance with Cohen (1992), values of 70.2/70.5/70.8 are
indicative of a small/ medium/ large effect size, respectively, meaning
the higher the value, the greater the difference between groups. The
present sample was comparable with the normative sample (nor-
mative O-LIFE values for the total sample were obtained on request
from Oliver Mason, UCL, see Table 1), as all effect sizes were small.

3.2. Visual backward masking and WCST

The mean (7s.e.m.) shine-through backward masking threshold
(SOA) was 27.9 ms (72.6 ms) for the 25 element grating and
68.3 ms (74.4 ms) for the 5 element grating. In the WCST, partici-
pants made on average 17.1 (70.9) total errors. Spearman correla-
tions between the number of total errors in the WCST and
thresholds in the visual backward masking task were not significant
for the 25 element grating and the 5 element grating (Table 2).
Thresholds for the 25 and 5 elements grating were positively and
significantly correlated (Table 2). This result is not unexpected
because the two measurements differ only in the number of mask
elements, and thus tap into potentially similar mechanisms.

3.3. Visual backward masking, WCST, and schizotypy groups

For the shine-through backward masking task, the ANOVA on
UnEx group revealed a significant main effect of task
(F(1,38)¼118.06; po0.001, BM54BM25 (see previous para-
graph)), but no main effect of UnEx group (F(1,38)¼1.04;

http://pebl.sourceforge.net/battery.html


Table 2
Spearman correlation results.

Unusual

experiences

Cognitive

disorganisation

Introvertive

Anhedonia

BM25 BM5 WCST_total

errors

Unusual experiences 1 r¼0.450 r¼0.314 r¼�0.049 r¼�0.002 r¼0.214

p¼0.004 p¼0.049 p¼0.764 p¼0.992 p¼0.186

Cognitive

disorganisation

r¼0.450 1 r¼0.162 r¼0.109 r¼0.190 r¼0.220

p¼0.004 p¼0.317 p¼0.504 p¼0.240 p¼0.172

Introvertive Anhedonia r¼0.314 r¼0.162 1 r¼-0.025 r¼�0.297 r¼0.069

p¼0.049 p¼0.317 p¼0.876 p¼0.063 p¼0.671

BM25 r¼�0.049 r¼0.109 r¼�0.025 1 r¼0.528 r¼0.056

p¼0.764 p¼0.504 p¼0.876 po0.001 p¼0.730

BM5 r¼�0.002 r¼0.190 r¼-0.297 r¼0.528 1 r¼0.161

p¼0.992 p¼0.240 p¼0.063 po0.001 p¼0.321

WCST_total errors r¼0.214 r¼0.220 r¼0.069 r¼0.056 r¼0.161 1

p¼0.186 p¼0.172 p¼0.671 p¼0.730 p¼0.321

BM 25 and BM 5: Backward Masking with 25 or 5 elements; WCST_Total errors: total number of errors in the Wisconsin Card Sorting Test. Results with p-values o0.05 are

highlighted in bold.

Table 3
Mean values (7standard error of the mean) for different tasks.

Unusual experiences Cognitive disorganisation Introvertive Anhedonia

High (n¼21) Low (n¼19) p-values High (n¼22) Low (n¼18) p-values High (n¼22) Low (n¼18) p-values

BM 25 25.4 30.8 0.298 30.6 24.7 0.257 28.8 26.9 0.714

(73.8) (73.4) (73.9) (73.1) (73.9) (73.2)

BM 5 64.8 72.0 0.420 77.0 57.6 0.026 64 74 0.252

(75.8) (þ76.7) (76.8) (74.1) (75) (77)

WCST 17.8 16.2 0.395 18.6 15.1 0.045 17.5 16.4 0.533

Total errors (71.4) (71.1) (71.4) (70.7) (71.1) (71.5)

Mean values for backward masking threshold (in ms) with 25 (BM 25) or 5 (BM 5) elements, total number of errors in the Wisconsin Card Sorting Test (WCST Total errors)

regarding the different schizotypy dimensions categorized according to a median split into a high and low scoring group for each dimension into high and low scores in

each dimension. We compared the groups’ performances using independent t-tests; results are indicated as p-values. Results with p-values o0.05 are highlighted in bold.

C. Cappe et al. / Psychiatry Research 200 (2012) 652–659 655
p¼0.32) and no significant interaction between task and UnEx
group (F(1,38)¼0.06; p¼0.81). The analogue ANOVA on CogDis
group showed again the significant main effect of task
(F(1,38)¼128.97; po0.001), and a significant main effect of CogDis
groups (F(1,38)¼4.52; p¼0.04: high CogDis group4 low CogDis
group, Fig. 2), and a statistical trend for the interaction between
task and CogDis groups (F(1,38)¼3.58; p¼0.07) (see also Table 3).
Post-hoc Tukey HSD test comparisons (controlling for multiple
testing) showed that thresholds were higher for the five than 25
element gratings in both groups (p-valueso0.001), but that the
high CogDis group showed higher threshold than the low CogDis
group for the 5 elements grating (p¼0.04) while no such
difference was observed for the 25 elements grating (p¼0.83;
Fig. 2). Finally, the analogue ANOVA for the IntAn group showed
only the significant main effect of task (F(1,38)¼126.67; po0.001;
main effect of IntAn group: F(1,38)¼0.44; p¼0.51; interaction
between task and IntAn group: F(1,38)¼2.83; p¼0.10).

The independent t-tests on the total number of errors in the
WCST were not significant for the UnEx groups and IntAn groups,
but showed that the high CogDis group performed more errors
than the low CogDis group (Fig. 3, Table 3).
4. Discussion

Stable markers of schizophrenia (endophenotypes) are of theore-
tical and clinical relevance (Allen et al., 2009; Keri and Janka, 2004;
Wickham and Murray, 1997). A wide range of endophenotypes was
proposed including structural brain abnormalities such as ventricle
volume (Chua et al., 2007), physiologic abnormalities such as niacin
flushing (Lin et al., 2007) and neuromotor abnormalities such as
smooth pursuit eye movement (Holahan and O’Driscoll, 2005). In the
cognitive domain, research on endophenotypes has mostly focused on
higher cognitive functions (e.g. WCST) (Allen et al., 2009), which often
depend on a variety of sub-functions, in the case of the WCST on
mental flexibility, executive functioning, and working memory (Eling
et al., 2008; Hartman et al., 2003). This variety in sub-functions might:
(i) complicate the understanding of underlying brain mechanisms, (ii)
result in heterogeneous findings along the schizophrenia spectrum
(Jahshan and Sergi, 2007; Stratta et al., 1997; Thurston-Snoha and
Lewine, 2007), and (iii) may explain why WCST deficits might also be
found in other psychiatric (Martin et al., 1991; Waford and Lewine,
2010), and neurological (Paolo et al., 1996) conditions. We suggest
that visual tasks tap into fewer and simpler mechanisms yielding
better signal to noise ratios and, hence, less performance variability. In
previous studies, we found reliable masking deficits in patients with
schizophrenia and their unaffected relatives when compared to
controls (Chkonia et al., 2010a,b). In addition, masking deficits were
specific for psychotic patients (schizophrenia, bipolar, and schizoaf-
fective) compared to both healthy controls and non-psychotic patients
(depression’, abstinent alcoholics’; Chkonia et al., in press).

If visual backward masking is sensitive to trait variations along
the schizophrenia spectrum, we expected stronger visual back-
ward masking in individuals with high as compared to low
schizotypy scores, in particular for UnEx and/ or CogDis. Results
show indeed that high as compared to low scoring individuals on
CogDis revealed significant visual backward masking deficits,
which were most evident for the 5 element masking grating.
However, we found no significant group differences for the UnEx
or IntAn groups.

The three symptom dimensions of schizotypy, also described
for schizophrenia, are thought to differently relate to the patho-
logical condition. In the case of negative symptoms, these were
found to precede acute psychotic symptoms (Cornblatt et al.,
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2003) and to predict an unfavourable outcome (Brill et al., 2009;
Ventura et al., 2009). Positive symptoms, on the other hand, are
most responsive to antipsychotic treatment (Walker et al., 2009),
and are those that fluctuate most over the course of the illness
(Cornblatt et al., 2003). Disorganisation symptoms seem relevant
to cognitive functioning deficits, e.g. performance in the WCST
(Nieuwenstein et al., 2001), or other tests of concentration and
memory (Liddle, 1987a; Walter and Wolf, 2008). In the case of
schizotypy, it has been argued that positive schizotypy is of minor
clinical relevance (McCreery and Claridge, 2002; Schofield and
Claridge, 2007), and might associate with enhanced creative
potential (Gianotti et al., 2001; O’Reilly et al., 2001). High
cognitive disorganisation, on the other hand, might lack this
experiential advantage (Schofield and Claridge, 2007) and is also
associated with cognitive attenuations in schizotypal populations
(Kerns and Becker, 2008). Our present findings support a parti-
cular role of CogDis to relative impaired visual backward masking
performance, suggesting that this dimension might be more
clinically relevant than UnEx and IntAn.

We additionally found that high as compared to low scoring
individuals on CogDis made more total errors in the WCST. The same
WCST was used in our previous study on visual backward masking in
patients with schizophrenia (Chkonia et al., 2010a). In this previous
study, the WCST showed also a good sensitivity and specificity for
schizophrenia when compared to controls, but the sensitivity and
specificity was higher for the visual backward masking paradigm.
Interestingly, in this former clinical study, total errors in the WCST did
not correlate with the shine-through masking performance, as it was
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also the case in the present study. As described earlier, we proposed
that both tests tap into different underlying mechanisms (Chkonia
et al., 2010a), a proposition supported by our present findings. For
example, visual load is minor in the WCST because stimuli are clearly
visible and presented for a long duration. In the shine-through task,
the opposite is true: stimuli differ on a very fine spatial scale, are
presented shortly and masked. Possibly, the visual task needs good
iconic memory and efficient target processing whereas this is not
necessary in the WCST. On the other hand, the task requirements are
extremely simple in the shine-through paradigm (binary forced
choice task), but depend on flexible executive functions and good
working memory in the WCST (adapting to new response strategies).

We found stronger performance differences for the 5 element
grating compared to the 25 element grating, possibly because of a
ceiling effect (see also Section 2.3.1). All students, independent of
their schizotypy scores, performed close to optimal with the 25
element grating because of its weak masking power. Variance was
much larger for the more potent 5 element grating. In our previous
study, patients, to the contrary, were also strongly affected by the 25
element grating in comparison to healthy participants (Chkonia et al.,
2010a). As a comparison, mean SOAs of students with high CogDis
scores were 77 ms and 30.6 ms for the 5 and 25 grating respectively
and 57.6 ms and 24.7 ms for students with low CogDis scores
(current study). For patients with schizophrenia these values were
235 ms and 143 ms (Chkonia et al., 2010a).

Our results are well in line with previous studies showing
increased visual masking deficits in individuals scoring high in
schizotypy (Merritt and Balogh, 1989) as well as in those with a
schizotypal personality disorder (Braff, 1981; Saccuzzo and Schubert,
1981) in particular with increasing symptomatology (Cadenhead
et al., 1996). In the case of the schizotypy studies, the Minnesota
Multiphasic Personality Inventory (MMPI) (Merritt and Balogh,
1985), a combined measure of positive schizotypal features (percep-
tual aberration and magical ideation) (Balogh and Merritt, 1985;
Merritt and Balogh, 1989), or a total schizotypy score (Bedwell and
Orem, 2008) were used. None of these measures distinguishes
between positive schizotypy and disorganisation though.

For many years, masking deficits were attributed exclusively
to dysfunctions of the magnocellular system sensitive to low
spatial frequencies. The parvocellular system is assumed to be
intact. In this line, Merritt and Balogh (1989) found no masking
deficits in high scoring positive schizotypal students when using a
spatial high frequency mask, assumed to trigger the parvocellular
system, but performance deficits with a low spatial frequency
mask, assumed to trigger the magnocellular system. However, the
shine-through masking paradigm uses a high spatial frequency
mask which may be processed rather by the parvocellular system
than the magnocellular one. For this it remains an open question
how much dysfunctions of either system contribute to masking
deficits in schizophrenia and elevated schizotypy (see also
Skottun and Skoyles, 2011; Plomp et al., in press).

The masking deficits in high as compared to low scoring
CogDis individuals support the notion of a dimensional model of
schizophrenia. According to this model, symptoms of patients
with schizophrenia are also observable, although quantitatively
less severe, in the general population. Dimensional models of
psychopathology have been debated by personality researchers
for decades (Meehl, 1962; Rado, 1953), and, more recently,
received increasing attention from the clinical community (van
Os et al., 2009, for a recent review). Within this tradition, the
specificity of our findings to CogDis raises the question of
pathologically relevant and irrelevant symptom dimensions
(Chapman et al., 1994; Cornblatt et al., 2003; Kerns and Becker,
2008; Schofield and Claridge, 2007) triggering future studies in
which high scoring individuals could be preselected (e.g. Gooding
et al., 1999; Kim et al., 2011), or even high and low scorers on
different symptom dimensions could be contrasted in their
performance (Laws et al., 2011; Leonards and Mohr, 2009). It
might be that scoring high on positive schizotypy only relates to a
well-adapted cognitive profile, while high scores in CogDis alone
and/or in combination with high scores in positive schizotypy
might yield the most disadvantageous cognitive profile.

Admittedly, the present study suffers from various limitations.
One common limitation in the field is the question whether our
sample was sufficiently large. If sample sizes of previous studies are
representative, our own sample size falls within the common range
of the field (Bedwell and Orem, 2008; Herzig et al., 2010; Merritt and
Balogh, 1989; Mohr et al., 2003). In addition, our sex distribution
favoured female over male participants as common in studies
performed in undergraduate populations (e.g. Barnett and Corballis,
2002; Ettinger et al., 2005; Gooding et al., 1999) contrary to sex
proportions in clinical studies where the sex ratio is frequently
reversed (e.g. Barch et al., 2003; Bottlender et al., 2003; Chkonia
et al., 2010a). Accordingly, future studies should balance or even
reverse the sex composition (men4women) which may result in
even stronger masking differences between groups. Another limita-
tion is the median-split analysis. We used this approach because of
its previous use in schizotypy research (e.g. Laws et al., 2011; Mohr
et al., 2003) and to compare our findings with previous studies using
the shine-through backward masking paradigm in which also group
comparisons, schizophrenic patients versus healthy controls, were
performed (Chkonia et al., 2010a,b; Herzog et al., 2004). No sig-
nificant findings were observed for correlations (r¼�0.049, r¼0.109
and r¼�0.025 for BM25 vs. UnEx, CogDis, and IntAn, p40.5 for all
three comparisons; r¼�0.002, r¼0.190, and r¼�0.297 for BM 5 vs.
UnEx, CogDis, and IntAn, p40.07 for all three comparisons, see also
Table 2). The potential relevance of our findings to the CogDis
dimension is new, and could be clinically relevant as well as
important for personality studies.

In summary, we observed visual backward masking deficits as
a function of high CogDis, but not as a function of UnEx or IntAn
scores in a healthy undergraduate sample. Future studies will
have to investigate whether this specificity to CogDis could be
clinically relevant. Our findings add further evidence to the
dimensional approach to schizophrenia showing that masking
deficits can be found along the schizophrenia spectrum with
masking deficits becoming stronger the more severe schizophre-
nia symptoms are expressed. In this respect, these findings add
further evidence to the shine-through masking paradigm as a
sensitive endophenotype potentially detecting dysfunctions
which may contribute to schizophrenia.
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