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Abstract

Conditional reasoning (if p then q) is used very frequently in everyday situations. Conditional reasoning is impaired in brain-lesion
patients, psychopathy, alcoholism, and polydrug dependence. Many neurocognitive deficits have also been described in schizo-
phrenia. We assessed conditional reasoning in 25 patients with schizophrenia, 25 depressive patients, and 25 controls, using the
Wason selection task in three different domains: social contracts, precautionary rules, and descriptive rules. Control measures
included depression, anxiety, and severity of schizophrenia measures as a Verbal Intelligence Scale. Patients with schizophrenia
were significantly impaired on all conditional reasoning tasks compared to depressives and controls. However, the social contract
and precautions tasks yielded better results than the descriptive tasks. Differences between groups disappeared for social
contract but remained for precautions and descriptive tasks when verbal intelligence was used as a covariate. These results
suggest that domain-specific reasoning mechanisms, proposed by evolutionary psychologists, are relatively resilient in the face
of brain network disruptions that impair more general reasoning abilities. Nevertheless, patients with schizophrenia could
encounter difficulties understanding precaution rules and social contracts in real-life situations resulting in unwise risk-taking and

misunderstandings in the social world.
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Schizophrenia is associated with broad neurocognitive deficits
across many cognitive domains (Dickinson, Ramsey, & Gold,
2007; Palmer, Dawes, & Heaton, 2009). Among these deficits,
impaired logical reasoning is prominent: patients with
schizophrenia often jump to conclusions, and they are too
certain of their choices, even if they have too little information
at their disposal (Moritz, Woodward, & Hausmann, 2006).
These impairments have also been found in individuals with
schizotypic characteristics in the general population (Sellen,
Oaksford, & Gray, 2005).

Conditional reasoning (if p then q) is used very frequently in
everyday situations. Disturbances in appropriate use of condi-
tional reasoning could lead to errors with serious consequences.
For example, reasoning about precaution rules (if the hazard
exists, then you must take the precaution) is an example of
conditional reasoning. It has been argued by evolutionary
psychologists that this kind of reasoning was so important
that it had led to the development of specialized reasoning
mechanisms (Cosmides & Tooby, 1992). The abilities to detect

cheaters in cooperative transactions (Cosmides, 1989) and to
adhere to appropriate precautions in hazardous situations
(Fiddick, Cosmides, & Tooby, 2000) have been proposed as
putative candidates of such specific “Darwinian algorithms.”
By contrast, it is not clear that would have been an evolutionary
advantage to reasoning about abstract rules. These ideas have
been tested using the Wason selection task, a standard test of
conditional reasoning (Wason, 1968).
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Story Paragraph 1

car, then you have to fill up the tank with gas.”

Story Paragraph 2

Story Paragraph 3

teenager has violated the rule:

Teenagers who do not have their own cars usually end up borrowing their parents’ cars. In return for

the privilege of borrowing the car, the Goldstein’s have given their kids the rule: “If you borrow the

You want to check whether any of the Goldstein teenagers ever cheat on this rule.

You will see cards representing some of the Goldstein teenagers. Each card represents one teenager.
One side of the card tells whether or not that teenager borrowed the car on a particular day, and the

other side tells whether or not that teenager filled up the tank with gas that day.

You are concerned that some of these teenagers may have cheated.

As you see each card, tell us if you would definitely need to turn over that card to find out if that

“If you borrow the car, then you have to fill up the tank with gas.”

Don’t turn over any more cards than are absolutely necessary.

Cards
Could this teenager have violated the rule?
P Not-P
Helen borrowed the Dave did not borrow
car the car
|
Q i Not-Q
Brianne filled up the Kirk did not fill up the
tank with gas tank with gas
[

“If you borrow the car, then you have to fill up the tank with gas.”

Figure |. Examples of Wason tasks.

In the Wason selection task, participants are given a condi-
tional rule (if P then Q) and four cards bearing information
about the antecedent (P or not-P) on one side of the card and
the consequent (Q or not-Q) on the other side of the card (see
Figure 1). However, only one side of each card is visible to
participants. The participants’ task is to determine which of the
four cards need to be turned over in order to determine whether
or not the rule has been violated. For example, participants
might be asked to reason about a conditional, social contract
rule of the form: If you take the benefit (P), then you must meet
the requirement (Q). The rule is violated when individuals take
the benefit (P) without meeting the requirement (not-Q). More
concretely, the social contract rule could be “if you borrow my
car, then you must fill the tank with gas.” A violation of this
rule occurs when the subject borrows the car (P), without filling
the tank with gas (not-Q). Therefore, the cards that must be
turned over in order to see if the contract has been broken are

P card and the not-Q card. Other sorts of rules that have been
employed in the Wason selection task are precautions: If the
hazard exists (P), then you must take the precaution (Q);
abstract rules: If there is a B on one side of the card, then there
is a seven on the other side of the card; and descriptive rules: If
a train is going to Rochester, then it must be on Track 2.

Reasoning about contents linked to problems encountered in
real-life situations (social contract and precautions) with evo-
lutionary relevance is better solved than purely descriptive
problems. Participants perform poorly on the Wason selection
task when the rules are descriptive or abstract (10-30%), but
they perform well when the rules are social contracts or pre-
cautions (65-85%; Cosmides & Tooby, 2005).

Although some have disputed the evolutionary psycholo-
gists’ conjecture that reasoning about social contracts and pre-
cautions is supported by distinct neurocognitive
mechanisms(Cheng & Holyoak, 1989; Manktelow & Over,
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1991; Oaksford & Chater, 1994), several neurological studies
exploring conditional reasoning have found dissociations sup-
porting the existence of the hypothesized mechanism. In a
brain-damaged patient with bilateral lesions in limbic, orbito-
frontal, and temporal regions, social contract reasoning was
selectively impaired while precautionary reasoning was pre-
served (Stone, Cosmides, Tooby, Kroll, & Knight, 2002). Sev-
eral neural imaging studies conducted on neurologically
normal participants have also found dissociations between rea-
soning about social contracts and precautions. These studies
found that reasoning about social contracts produced activation
in the right frontal and parietal lobes (Canessa et al., 2005);
bilateral ventrolateral Prefrontal Cortex (PFC), left angular
gyrus, and left orbitofrontal cortex(Laurence Fiddick, Spampi-
nato, & Grafman, 2005); anterior and posterior temporal cor-
tex, the regions associated with reasoning about theory of mind
(Ermer, Guerin, Cosmides, Tooby, & Miller, 2006); and right
medial frontal gyrus, the temporal lobe, a portion of the occi-
pital cortex and frontal cortex(Reis et al., 2007). Precaution
reasoning was associated with activation in bilateral insula, left
lentiform nucleus, and cingulate and right postcentral gyrus
(Fiddick et al., 2005); activation of middle and ventral prefron-
tal, middle and posterior temporal, right insula and cingulate
for precautions compared to social contract (Ermer et al.,
20006), posterior cingulate cortex, the anterior cingulate cortex,
and the parahippocampal gyrus for precautions compared to
social contracts (Reis et al., 2007). Overall, it seems that think-
ing about precautions recruits cingulate region, that is, for the
detection of potential threats (Fiddick, 2011).

Given the range of brain regions implicated in these neuro-
logical studies, dissociations in impairments could theoreti-
cally be found in neurological and psychopathological
conditions as recruited neuronal circuits vary according to the
context involved. Conditional reasoning has been studied in
different psychopathological conditions, namely, in psychopa-
thy, alcoholism, and polysubstance dependence patients. Ermer
and Kiehl (2010) investigated a group of incarcerated adults.
Individuals with psychopathy showed impairment reasoning
about social contract and precautionary rules, but not descrip-
tive ones, relative to incarcerated individuals without psycho-
pathy. Their results could not be accounted for by differences
in intelligence or motivation. Kornreich et al. (2011) have
investigated conditional reasoning in a group of alcoholic
patients compared to normal controls. Impairment was present
on social contract, precautionary, and descriptive reasoning in
alcoholics, but was especially severe with descriptive rules,
where alcoholic patients’ performance was at chance. In poly-
substance dependence patients (Kornreich et al., 2012), social
contract and descriptive reasoning was not above chance level,
while precautionary reasoning was relatively preserved—
worse than in controls but largely above chance level. All these
results could reflect dysfunctions in prefrontal functioning.
Chronic alcohol (Uekermann & Daum, 2008) or polysubstance
abuse (Verdejo-Garcia, Bechara, Recknor, & Pérez-Garcia,
20006) is certainly detrimental to the functioning of prefrontal
areas and prefrontal dysfunction is found in psychopathy

(Finger et al., 2008). However, a certain degree of functional
sparing is still present in these patients as their results are above
chance level for precautionary reasoning in all the psycho-
pathological conditions studied and for social contract condi-
tions in psychopathy and alcoholism.

As schizophrenia is associated with prefrontal dysfunction,
we would expect a similar difficulty, solving conditional rea-
soning problems. We want to explore whether some functional
sparing still occurs for conditional reasoning in social or pre-
caution conditions. If not, it could have clinical implications, as
detecting cheaters in social exchanges and taking precautions
to mitigate hazard have real-world importance.

We have chosen to contrast results in patients with schizo-
phrenia with a population of depressive patients to exclude the
possibility that any psychopathological condition could end up
with the same results, that is, conditional reasoning difficulties.
Although cognitive deficits are present in major depression and
include disruption of frontosubcortical pathways (Austin,
Mitchell, & Goodwin, 2001), they don’t have the same severity
as in schizophrenia (Harvey, 2011).

Method
Subjects

Three groups have been compared: a schizophrenia group and
two control groups, a pathological (depressive group) and a
normal control group.

The schizophrenia group consisted of 25 inpatients (17men
and 8 women) diagnosed with schizophrenia, according to the
DSM-IV-TR criteria. Patients who were diagnosed in the acute
phase or who were diagnosed with the catatonic subtype were
excluded. Patients were recruited from several different psychia-
tric units: CHU-Brugmann, Erasme Hospital, Clinique Saint
Jean, Chéne aux Haies, and Saint-Jean-de-Dieu hospitals. All
subjects were medicated for their psychotic symptoms.

The depressive group consisted of 25 patients (14 men and
11 women) hospitalized in a psychiatric unit in Brugmann
Hospital. All met the DSM-IV-TR criteria for a major depres-
sive episode. All patients were taking standard antidepressant
medication. Exclusion criteria were bipolar 1 or 2 disorder,
schizophrenia, organic brain disorder, and substance abuse or
dependence assessed during the intake interview.

The healthy control group consisted of 25 volunteers
(15 men and 10 women) with no psychiatric record. The healthy
group was recruited in the social circle of the investigators.

All groups were similar in gender proportion or education
levels. Demographic data about the three groups described
above are detailed in Table 1. Written informed consent was
obtained from all participants. The Université Libre de Brux-
elles ethical board approved this research project.

Measures

Wason selection tasks. Twenty-four different versions of the
Wason selection task were employed in this study. These were
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Table |. Characteristics of Groups (Schizophrenics, Depressives, and Normal Controls).

Schizophrenics Depressives Controls
Characteristics (N = 25) (N = 25) (N = 25)
Male/female 17/8 14/11 15/10
Age: Mean (SD) 41.56 (10.56) 38 (12.06) 37.28 (12.45)
Education level 1/2/3* 5/9/11 3/9/13 5/9/11
Paranoid/undifferentiated/Schizo affect 5/18/2 — —
Duration: Mean (SD) 15.52 years (10.40)  8.12 months (7.17) —
Previous number of hospitalizations: Mean (SD) 5.36 (3.33) 0.76 (1.05) 0
Drug use antecedents (including alcohol, cannabis, cocaine, and opiates) 9 0 0
Current medication: Neuroleptics/antidepressive/anxiolytics/thymo stabilizers 23/14/14/3 0/24/15/0 0
PANSS positive symptoms 12.56 (6.44) — —
PANSS negative symptoms 16.28 (4.58) — —
PANSS general psychopathology 31.16 (9.63) — —
Mill Hill vocabulary scores 23 (6.15)%** 24.68 (3.77) 27.68 (3.02)
BDI 9.44 (6.52)*F+* 25.24 (7.16)*++* 212 (2.11)
State-Trait Anxiety Inventory part A (STAIA) 39.2 (1)* 70.24 (8.04)*+** 31.16 (11.7)
State-Trait Anxiety Inventory part B (STAIB) 46.48 (11.61)*rrx 70.12 (6.32)%Fk* 34.76 (9.4)
Note. SD = standard deviation; PANSS = Positive and Negative Syndrome Scale; BDI = Beck Depression Inventory; A = State and B = Trait.
?Level of education was coded as follow: Level | = completion of the first 3 years of secondary school or equivalent; Level 2 = completion of secondary school or

equivalent; and Level 3 = postsecondary school training.
Fp = .01. F¥p = .001. ¥*p < .0001.

comprised of eight social contract tasks (SC; e.g., “If you bor-
row the car, then you must fill up the tank with gas™), eight
precautionary tasks (PRE; e.g., “If you work with TB patients,
then you must wear a surgical mask™), and eight social descrip-
tive tasks (DES: describing the habits and traits of people; e.g.,
“If a person becomes a biologist, then that person enjoys
camping”). Scoring was done as follows: 1 point was given for
a completely correct response (P and not-Q cards selected, Q
and not-P cards not selected) and 0 point for all other
responses. The maximum score was 8 for each condition (eight
stories per condition). Results are converted into percent
correct.

Control measures. We have used three different types of control
measures: a measure of the severity of schizophrenia (Positive
and Negative Syndrome Scale [PANSS]), measures of the
severity of depression and anxiety (Beck Depression Inventory
[BDI] Scale and State Trait Anxiety Inventory [STAI-1 and
B]), and a verbal intelligence test to ensure that vocabulary
processing was not impaired in participants (Mill Hill).

a. The PANSS (Kay, Fiszbein, & Opler, 1987) is com-
posed by 30 items, coded from 1 (absent) to 7 (extreme).
It assesses psychopathological symptoms existing in
psychotic syndromes, such as the “schizophrenic state.”
Three scores are obtained: positive symptoms (7 items),
negative symptoms (7 items), and general psycho-
pathology (16 items).

b. BDI Scale (BDI short version in 13 items; Beck, Steer,
& Carbin, 1988) and STAI for adults (STAI A and B;
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983).
As schizophrenia is frequently comorbid with

depression and anxiety problems, the BDI and the STAI
A and B were added as control measures.
c. Mill Hill Vocabulary Test (Part B; Deltour, 1993).

This test was added to ensure that vocabulary processing
was not impaired and to ensure sufficient comprehension of
the stories on the Wason selection task. This test consists of
36 items. For each item, the subject must give the best syno-
nym, choosing among six options. The maximum score is 36
(French validation). Results obtained for the control measures
are detailed in Table 1.

Results

Reasoning Performance

A two-way analysis of variance was performed on the Wason
scores with rule domain (SC versus PRE versus DES) as a
within-subjects factor and group (schizophrenia group, depres-
sives, or controls) as a between-subjects factor (Table 2). Post
hoc comparisons using a Bonferroni correction were performed
when needed.

Main effects for rule domain. There were significant differences
between SC, PRE, and DES: F(2, 144) = 86,997, p < .0001,
n? = .547. Pairwise comparisons showed that both SC
(M =0.57,8SD = 0.29) and PRE (M = 0.62, SD = 0.33) elicited
higher levels of correct performance than DES (M = 0.26,
SD = 0.233), p <.0001, but did not differ between themselves.

Main effects for participant group (schizophrenia versus depression
versus controls). (see Figure 2) There were significant differ-
ences between groups: F(2, 72) = 8.710, p < .0001, n* =
.195. Pairwise comparisons showed that participants with
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Table 2. Wason Selection Tasks Scores.

Characteristics Schizophrenics: M (SD)

Depressives: M (SD) Controls: M (SD)

Woason performance
Social contract
Precaution 0.44 (0.36)<P*
Descriptive 0.12 (0.16)sHirbsk

Differences of performance between conditions: t test
Social contract—descriptive 1(24) = 6.742%FF*
Precaution—descriptive t(24) = 5.628%*¥¥k

0.46 (0.32)

0.59 (0.24) 0.67 (0.27)
0.73 (0.31) 0.7 (0.26)
0.26 (0.18)* 0.42 (0.25)

t(24) = 8.2225k
t(24) = 7.784%w5k
t(24) = —3.134%

1(24) = 4.20 |k
t(24) = 5.584wwk
t(24) = —0.663

Social contract—precaution t(24) = 0.569
*Significant level compared to controls.
bSignificant level compared to depressives.
*p < .05. FFp < .01. *¥*p = 00I.
1
09
0,8
07
0,6
$
‘s- 0s ¥ , ¥ Schizophrenic Patients
@ 04 " Depressive Patients

03 = Healthy Controls

0,2
.
0,1

Social Contract Precaution Descriptive

Reasoning type

Figure 2. Wason scores according to groups. Significant differences
between patient groups (schizophrenics and depressive) and controls:
*p < .05, ¥¥Fp < .0001.

schizophrenia (M = 0.34, SD = 0.25) were both worse than
depressives (M = 0.52, SD = 0.21), p = .004, and controls (M
=0.59, SD = 0.21), p <.0001.

Interaction Rule Domain x Group

Social contract. Differences between groups were significant:
F(2, 72) = 3.49, p = .036, n* = .088. Pairwise comparisons
showed that participants with schizophrenia were worse than
controls, p = .032.

Precautions. Differences between groups were significant:
F(2, 72) = 6.53, p = .002, n* = .154. Pairwise comparisons
showed that participants with schizophrenia were worse than
both controls (p = .013) and depressives (p = .005).

Descriptives. Differences between groups were significant:
F(2,72) = 14.007, p < .0001, n*> = .280. Pairwise comparisons
showed that participants with schizophrenia performed worse
than controls (p < .0001) and depressives (p = .038), while
depressives performed worse than controls (p = .024).

There were no Pearson correlations within the schizophrenia
group between total PANSS scores and the Wason scores with

SC scores: r = —.018, p = .931; with PRE scores: » = —.259,
p = .212; and with DES scores: » = —.83, p = .694.

Comparisons were made between the Wason scores in the
schizophrenia group comparing positive drug antecedents
patients (n = 9; means in percent correct for social contracts:
.51; precautions: .56; and descriptives: .13) and negative drug
antecedents patients (» = 16; means in percent correct for
social contracts: .43; precautions: .37; and descriptives: .11).
There were no significant differences in scores between these
subgroups.

An analysis of covariance was conducted on the Wason
Scores with rule domain as the within-subjects factor and group
as the between-subject factor was computed with BDI, STAI A
and B, and Mill Hill scores as covariates. The only covariate
having a significant influence on the model was the Mill Hill
Vocabulary Score. Therefore, we dropped the other variables
and retained only Mill Hill scores in the model.

When the Mill Hill score was put as a covariate, the differ-
ences between groups were no longer significant for social
contract scores, F(2, 71) = 1.053, p = .354, n* = .029. Dif-
ferences remained significant for the precaution score: F(2, 71)
= 4372, p = .016, n* = .110. Pairwise comparisons showed
that patients with schizophrenia had lower scores than depres-
sive ones (p = .04).

Differences remained significant for the descriptive scores,
F(2,71) = 8.034, p = .001, n* = .185. Pairwise comparisons
showed that patients with schizophrenia had lower scores than
depressive patients (p = .029) and controls (p < .0001), while
depressive patients had lower scores than controls (p = .046).

Discussion

Schizophrenia is associated with difficulties in conditional rea-
soning compared to both depressives and controls. Our results
demonstrate that while conditional reasoning is impaired in
patients with schizophrenia, their performance improves sub-
stantially in specific contexts. Reasoning about descriptive
rules was significantly impaired in schizophrenic and control
patients compared to healthy controls; this difference remained
after controlling for differences in verbal intelligence. Reason-
ing about social contracts and precautions was impaired in
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patients with schizophrenia, but not in depressives, compared
to controls; however, the differences between patients with
schizophrenia and controls disappeared for social contract rea-
soning but remained for precautionary reasoning after control-
ling for verbal intelligence.

Verbal intelligence as assessed here does not only reflect
verbal comprehension but also requires access to memory and
attentional skills. In a previous study of psychopathic subjects
(Ermer & Kiehl, 2010), verbal 1Q, measured with the Wechsler
Adult Intelligence Scale (WAIS), was not responsible for the
differences observed in conditional reasoning for social con-
tract or precautionary reasoning, whereas in the present study,
verbal IQ was correlated with appropriate social contract rea-
soning but not reasoning about precautions or descriptive rules.
The same assessment of vocabulary scales (Mill Hill) was used
in a study on conditional reasoning in alcoholics (Kornreich
et al., 2011) and in polydrug abusers (Kornreich et al., 2012)
and was not responsible for the differences observed in the
Wason test between patients and controls. As verbal IQ reflects
not only vocabulary extent but also attentional and memory
functioning, further neuropsychological assessments, that is,
memory, attention, and more generally executive functions,
should be used in future studies to disentangle what kind of
precise neuropsychological impairment is responsible here for
conditional reasoning scores differences between patients with
schizophrenia patients and controls.

More than a third of the patients in the schizophrenic group
had drug abuse antecedents but this factor failed to yield dif-
ferent conditional reasoning results between subgroups,
although the small size of subgroups warrant to look at the
results with caution.

As depressive patients in our study show conditional reason-
ing difficulties only for descriptive situations, it demonstrates
that this ability is not indifferently affected whatever the psy-
chopathological condition. It is plausible although speculative
to incriminate prefrontal impairments in the difficulties
encountered here. Prefrontal dysfunction must probably be rel-
atively severe to have an impact on conditional reasoning, a
level usually not observed in depressive patients (Harvey,
2011). Schizophrenia is also associated with prefrontal dys-
functions, both at the orbitofrontal level with an influence on
decision-making (Larquet, Coricelli, Opolczynski, & Thibaut,
2010) and at the dorsolateral level with an influence on work-
ing memory performances (Barch & Ceaser, 2011). Patients
with schizophrenia show the “classical” improvement usually
observed in the Wason task in social contract or precautions
situations compared to purely descriptive ones. Nonetheless,
conditional reasoning in these particular contexts is impaired,
relative to healthy controls, and could have clinical implica-
tions: Patients with schizophrenia have difficulties in the social
world (Cutting & Murphy, 1990). These difficulties may be
linked to impairment in the perception of nonverbal clues and
to motivation problems. Difficulties of reasoning in social con-
tract conditions could add an obstacle as they could lead to
misunderstandings in very common situations implicating the
reciprocation of services.

Similarly, patients with schizophrenia are known to put
themselves in risky situations (Brown, 1997; Saha, Chant, &
McGrath, 2007). Again, a lack of motivation and difficulties of
predicting the consequences of their deeds are probably at
work. But a difficult to understand conditional reasoning relat-
ing to precautions situations could also contribute to a diffi-
culty to avoid unnecessary risks.

Limitations

Our samples were relatively small and larger studies would be
required to confirm our results. Our patients were taking med-
ication and stabilized, but antipsychotic medication was not
controlled for. Executive functioning was not controlled for
and should be in future studies, as shifting abilities may inter-
fere with conditional reasoning. Duration of illness was differ-
ent between the schizophrenia group and the depressive groups.
Years of living with mental illness, taking medications, and
having limited social circles could have contributed to the
results. Almost half of our patients had drug abuse antecedents
and it would be useful to have patients devoid of any such
antecedent although it didn’t make a difference in our results.
Future studies could follow the longitudinal course of this kind
of reasoning impairment and investigate the effects of disease
stage and medication treatment on reasoning performance.
Finally, it would have been interesting to measure whether
social contract reasoning would correlate with other measures
of social cognition, for example, theory of mind.

Conclusion

Conditional reasoning is impaired in patients with schizophre-
nia compared to depressive patients and to controls. However,
reasoning results about social contract and precautionary rules
are better than in purely descriptive situations, showing that
evolutionary important mechanisms are still working in this
population. Differences between groups disappeared for social
contracts when verbal IQ was taken into account, which means
that general abilities deficits explain at least part of the condi-
tional reasoning difficulties observed in schizophrenic patients.
These results suggest that evolved domain-specific reasoning
mechanisms display resiliency in the context of brain network
disruptions that impair more domain-general reasoning abil-
ities. This resiliency is nonetheless not sufficient enough and
schizophrenic patients could put themselves at risk, not reason-
ing well in precautionary contexts, and display difficulties
moving themselves in the social world, as it requires a good
comprehension of social contract situations.
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