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Abstract

Social cognition and learning potential have been proposed as mediating variables between neurocognition and
functional outcome in schizophrenia. The present study examined this relation in a schizophrenia group (N5 26)
with normal IQ. Neurocognition was measured with a composite score from tests of verbal learning, psychomotor
speed, and executive functioning. Functional outcome was defined as social problem-solving skills and assessed
with a role-play test. Social cognition was indexed by tests of visual and auditory emotion perception; and learning
potential by estimating a gain score using a triple administration of the WCST. Neurocognition was confirmed to be
a strong predictor of social problem-solving, and emotion perception was related to both neurocognition and social
problem-solving. When controlling for emotion perception, the association between neurocognition and social
problem-solving was weakened, implying a mediating role of emotion perception. Learning potential was not
significantly related to neurocognition or social problem-solving, and thus not found to mediate the studied relation.
In conclusion, our study indicates that emotion perception is a mediator between neurocognition and functional
outcome as assessed with a social problem-solving task and thus a key factor in understanding functional outcome
of schizophrenia. (JINS, 2008, 14, 279–288.)
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INTRODUCTION

Compromised neurocognition is a hallmark characteristic
of schizophrenia with deficits seen on a range of the stan-
dard tests in use (Heinrichs & Zakzanis, 1998). Most peo-
ple with the diagnosis are affected, including individuals
with high or normal current IQ who nevertheless may show
signs of a decline from a higher premorbid level if assessed
adequately (Wilk et al., 2005). In addition, healthy relatives
of persons with schizophrenia present evidence of neuro-
cognitive deficits (Snitz et al., 2006). Thus, cognitive impair-
ment is central to schizophrenia, and it has been claimed to

represent a core dysfunction of the disorder (Elvevag &
Goldberg, 2000).

Neurocognition is an important predictor of functional
outcome in schizophrenia, which encompasses a range of
different skills such as community functioning, social
problem-solving and psychosocial skill acquisition (Green,
1996; Green et al., 2000). Neurocognition has been shown
to be related to social skills as assessed with role-play tests
in the laboratory (Addington & Addington, 1999), to com-
munity functioning rated from semi-structured interviews
(Velligan et al., 2000), and to direct assessment of indepen-
dent living skills (grocery shopping) in real-life (Rempfer
et al., 2003). Some of these skills are purely instrumental
(cooking, grooming, paying one’s bills), whereas others have
a strong social component (engaging in role-plays with
another person).
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Because of its significance for functional outcome, neuro-
cognition is considered an important treatment target. This
is evidenced in the Measurement and Treatment Research
to Improve Cognition in Schizophrenia (MATRICS) initia-
tive (Green et al., 2004), where the goal is to develop new
drugs specifically targeting cognitive dysfunction by using
a standardized neuropsychological test battery in drug tri-
als. However, far from all of the variance in functional out-
come can be explained by neurocognition, and other
predictors may exist, such as social cognition (Couture et al.,
2006). Hence, social cognition has been included as one of
the domains to be investigated in the MATRICS program
(Green et al., 2005). Social cognition includes various func-
tions, such as social perception (the ability to understand
social situations and the rules that govern them), emotion
perception (the capacity to decode emotional expressions
in other people), theory of mind (ToM; the capability to
infer what another person knows or experiences) and attri-
butional style (how a person explains the causes of events
in that person’s life). A recent review showed that social
cognition defined in all four manners seems to be related to
different aspects of functional outcome (Couture et al., 2006).
Among these, emotion perception has been examined most
thoroughly with the bulk of the evidence showing that peo-
ple diagnosed with schizophrenia in general perform poorer
than healthy controls (Kohler & Brennan, 2004; Mandal
et al., 1998).

Social cognition and learning potential have been pro-
posed as possible mediators of the relationship between
neurocognition and functional outcome (Green et al., 2000).
Several recent studies have found social cognition to be
involved in the relation between neurocognition and func-
tional outcome (Addington et al., 2006a; Pinkham & Penn,
2006; Sergi et al., 2006). Although it could be hypothesized
that the direction of the relation is uncertain, both theory
and empirical data support a model where social cognition
is the mediating variable between neurocognition and func-
tional outcome. The recognition of emotional expressions
in other people probably depends on neurocognitive abili-
ties such as working memory, visual scanning, speech and
face perception, and not the other way around (see for exam-
ple, Sergi et al., 2006). The suggested model aims at inves-
tigating to what extent emotional processing and learning
potential mediate input from cognitive modules. Identify-
ing mediators will help us understand the mechanisms in
which neurocognition impacts the everyday life of individ-
uals with schizophrenia. These mechanisms can be targeted
in clinical interventions, aiming at improving the lives of
affected individuals.

Learning potential refers to a person’s ability to benefit
from additional help and training. This approach focuses
on how well a person can perform given the best of cir-
cumstances. It grew out of criticisms raised against tradi-
tional intelligence classifications, which may be unfair to
those who have not had the chance to acquire the skills
necessary for performing well on such tests. Examples are
children of lower social economic status or of an ethnic

minority group (Hamers & Resing, 1993). From this it
followed that if these children were to be assessed in another
way, better and truer scores of their cognitive capacity
would be achieved. This was done through learning poten-
tial assessment, where one is interested in what the child
can achieve under optimal conditions, not what they already
know (IQ-testing). The dynamic learning potential approach
has been extended to the schizophrenia field through the
idea that a low degree of learning potential will indicate
less ability to benefit from rehabilitation. The method to
assess learning potential in schizophrenia has most com-
monly been a 64-card test-train-test version of the Wiscon-
sin Card Sorting Test (Heaton et al., 1993). Because learning
potential is assessed with a neuropsychological test, some
overlap is expected with other neuropsychological tests,
such as learning scores. But learning potential is not the
same as learning, since learning potential assessments con-
sider both the baseline before training as well as the degree
of improvement after training (learning). Thus, a person
who has a high baseline score will have less learning poten-
tial because less improvement can be achieved with an
initial high score. The most important difference between
learning scores from regular neuropsychological tests and
learning potential assessments is that the latter is dynamic
and seeks to identify to which degree the individual can
benefit from help and hints given. So far studies on learn-
ing potential in schizophrenia have focused mostly on meth-
odological issues and on how to best assess and validate
subgroups (Vaskinn et al, in press), but some have shown
that learning potential predicts problem-solving skills
(Wiedl, 1999) and the ability to learn simple work skills
(Sergi et al., 2005).

To our knowledge, no one has yet investigated the rela-
tionship between learning potential and interpersonal problem-
solving skills, and there are few studies on how emotion
perception relates to social problem-solving skills (e.g.,Add-
ington et al., 2006b). Additionally, studies have not focused
on schizophrenia with normal IQ. Research on samples with
normal IQ makes it possible to focus on what the specific
problems of schizophrenia might be, because they have fewer
deficits when compared to healthy samples, but still fulfill
the diagnostic criteria. The purpose of this study is to exam-
ine the hypothesis that emotion perception and learning poten-
tial mediate between neurocognition and social problem-
solving in schizophrenia participants with normal IQ.

METHOD

Participants

Twenty-six individuals with a DSM-IV diagnosis of schizo-
phrenia were consecutively included in the current sub-
study upon recruitment to the Norwegian Study Thematic
Organized Psychosis Research (TOP) from psychiatric
departments at Ullevål University Hospital in Oslo. The
TOP study is a large translational research study investigat-
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ing a number of clinical and biological characteristics of
schizophrenia and bipolar disorder. In addition to informa-
tion on clinical and neurocognitive features, genetic status
as well as functional and structural MRI data are collected.
The TOP study is approved by the Regional Committee for
Medical Research Ethics and the Norwegian Data Inspec-
torate and is completed in accordance with the Helsinki
Declaration. Diagnoses were confirmed by the Structured
Clinical Interview for DSM-IV Axis I disorders (First et al.,
1995), which was administered by trained and reliable psy-
chiatrists (k 5 0.77). Participants with a history of trau-
matic brain injury, neurological disease, and IQ below 70
were excluded. Current IQ was measured with the Wechsler
Abbreviated Scale of Intelligence (WASI; Psychological
Corporation, 1999), and premorbid IQ was assessed with a
research version of the National Adult Reading Test (NART;
Vaskinn & Sundet, 2001). All participants were prescribed
antipsychotic medication with a mean dose in chlorproma-
zine equivalents of 390 mg0day. One person used a first
generation antipsychotic medication as monotherapy,
whereas 12 used a second generation antipsychotic medi-
cation as the only drug. The rest were using different com-
binations of first and second generation antipsychotic
medication, antidepressants or antiepileptic drugs. One per-
son received anticholinergic medication.

Measures of Clinical Characteristics and
Social Functioning

Psychopathology was assessed with the Positive and Neg-
ative Syndrome Scale; PANSS (Kay et al., 1987). Global
functioning was measured with the Global Assessment of
Functioning; GAF (split-version; Pedersen et al., 2007). The
interrater reliability of the raters (trained psychiatrists) was
satisfactory, corresponding to an intraclass coefficient
(ICC(1,1); Shrout & Fleiss, 1979) of 0.85 (95% CI: 0.76–
0.92) for GAF-f, and 0.86 (95% CI: 0.77–0.92) for GAF-s;
of 0.76 (95% CI: 0.58–0.92) for PANSS negative symp-
toms, 0.82 (95% CI: 0.66–0.94) for PANSS positive symp-
toms, and 0.73 (95% CI: 0.54–0.90) for PANSS general
symptoms. We used the Social Functioning Scale (SFS;
Birchwood et al., 1990) to assess level of social function-
ing. It is a seven-scale self-report questionnaire covering
social interaction, participation in community activities, inde-
pendent living and work functioning. The SFS was devel-
oped for individuals diagnosed with schizophrenia and has
been standardized with a mean of 100 and a standard devi-
ation of 15 for each of the seven scales. Means and standard
deviations for clinical and demographic variables and social
functioning are shown in Table 1. This sample is relatively
well-functioning with only moderate symptom load and IQ

Table 1. Sample characteristics (N5 26)

Variables (measures)

Demographics
Gender (males0females) 1709

M SD Range

Age 32.3 9.3 22–55
Education (years) 13.0 2.4 9–20
WASI IQ 107.5 11.6 87–132
NART (errors–maximum 50) 16.2 7.3 2–33

Clinical characteristics
Total psychopathology (PANSS–total score) 55.0 11.1 30–76
Positive symptoms (PANSS–positive scale) 11.7 3.9 7–21
Negative symptoms (PANSS–negative scale) 15.4 5.5 7–28
Level of functioning (GAF-f ) 49.0 9.3 30– 67
Level of symptoms (GAF-s) 47.5 10.9 29–78
Illness duration (years) 6.7 5.3 0–24

Social functioning (SFS)
Withdrawal0social engagement 106.1 10.6 90.5–124.5
Interpersonal communication 118.2 16.7 96–145
Independence–performance 108.6 8.6 85.5–127
Independence–competence 117.7 7.1 97.5–131
Recreation 112.9 12.2 93.5–140
Prosocial 113.5 14.7 65–133
Employment0occupation 108.4 9.3 81.5–122.5

PANSS5 Positive and Negative Syndrome Scale; GAF5Global Assessment of Function-
ing; WASI5Wechsler Abbreviated Scale of Intelligence; NART5National Adult Reading
Test (Norwegian research version); SFS5 Social Functioning Scale
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scores within the normal range, and level of social function-
ing as expected or better. However, few were competitively
employed or able to follow academic studies, either full or
part time. According to previous Norwegian research (Birke-
naes et al., 2006) these characteristics are fairly representa-
tive for younger participants with schizophrenia volunteering
to participate in a demanding study such as ours.

Measures of Neurocognition

Acomprehensive neuropsychological test battery was admin-
istered.Test instruments for theTOPbattery was selected prior
to the MATRICS initiative, but include measures from mainly
the same neurocognitive domains: Digit Symbol (WAIS-III,
Wechsler, 1997), Semantic Fluency (D-KEFS, Delis et al.,
2001), and Grooved Pegboard (Matthews & Kløve, 1964)
from the domain Speed of Processing; Continuous Perfor-
mance Test (CPT-II, Conners & MHS Staff, 2000) from
Attention0Vigilance; Digit Span Forwards and Backwards
(WAIS-III,Wechsler, 1997) and Color-Word InterferenceTest
(D-KEFS, Delis et al., 2001) from Working Memory (and
Executive Function); California Verbal Learning Test (CVLT-
II, Delis et al., 2000) from Verbal Learning; ContinuousVisual
Memory Test (CVMT, Trahan & Larrabee, 1998) from Visual
learning; Matrix Reasoning (WASI, Psychological Corpo-
ration, 1999) from Reasoning and Problem Solving; and Face0
Voice Emotion Identification and Discrimination Test (Kerr
& Neale, 1993) from Social Cognition. The latter measure is
our mediating variable and will be described in the next para-
graph. Reducing the more than 10 neuropsychological test
measures into valid components by factor analysis could not
be performed because of the low sample size. Instead we chose
to focus on the four measures that were significantly related
to social problem-solving: Digit Symbol (Pearson’s r5 .55,
p , .01), Semantic Fluency (Pearson’s r 5 .49, p , .05),
Inhibition0Switching (Pearson’s r 5 2.48, p , .05), and
CVLT-II, Total List A learning (Pearson’s r5 .39, p, .05).
The sample performed relatively well on all these measures

(see Table 2); within one standard deviation below the nor-
mative mean, but slightly below what is expected from their
WASI IQ score (107.5). These measures were found suitable
for data reduction by principal components analysis (Bartlett’s
test was significant, p, .001, and the Kaiser-Meyer-Olkin
measure of sampling adequacy was 0.77).All four tests loaded
significantly on the first factor, which accounted for 70.3%
of the variance. Based on the factor loadings, a z-transformed
composite score was computed (see Table 2). The resulting
index had good internal consistency (Cronbach’s a 5 .86)
and constitutes our measure of neurocognition.

Measures of Social Cognition

Emotion perception was selected as the chosen domain
within social cognition because of its leading role in schizo-
phrenia research (Kohler & Martin, 2006) and because a
Norwegian adaptation of the Face0Voice Emotion Identifi-
cation and Discrimination Test (Kerr & Neale, 1993) already
has been shown sensitive to impaired emotion perception in
schizophrenia (Vaskinn et al., 2007). It consists of visual
(facial pictures) and auditory (tape-recorded sentences) stim-
uli where the subject is asked first to identify the expressed
emotion from a given set of six alternatives and then to
judge whether two presented stimuli carry the same or dif-
ferent emotional messages. These four measures of emo-
tion perception were reduced by principal component factor
analyses (Bartlett test was significant, p , .001, and the
Kaiser-Meyer-Olkin measure5 .66) with all four tests load-
ing on one factor that accounted for 57.3% of the variance.
A z-transformed composite score was computed from the
factor loadings (see Table 2). The resulting emotion percep-
tion index had good internal consistency (Cronbach’s a 5
0.75) and is our measure of social cognition.

Measure of Learning Potential

Learning potential was assessed with a 64-card test-train-
test version of the WCST. Thus, the test is administered 3

Table 2. Means and standard deviations for measures of neurocognition and emotion
perception in participants with schizophrenia; and factor loads from separate principal
component analyses of measures of neurocognition and emotion perception

Variables (measures) M (SD) Range Factor load

Neurocognition
Psychomotor speed (Digit Symbol; SS) 7.2 (2.1) 4–14 0.93
Semantic fluency (Animals & Boys’ Names; SS) 10.6 (4.3) 3–19 0.87
Executive control (Inhibition0Switching; SS) 8.8 (3.4) 1–15 0.71
Verbal learning (CVLT-II; T-score) 50.2 (10.7) 30–71 0.83

Emotion perception
Visual emotion identification (maximum 19) 12.9 (2.5) 8–18 0.79
Visual emotion discrimination (maximum 30) 25.4 (2.3) 20–29 0.55
Auditory emotion identification (maximum 21) 16.3 (2.8) 11–21 0.78
Auditory emotion discrimination (maximum 22) 17.5 (2.9) 9–22 0.87

SS5 Scaled score
*N5 25 due to missing data
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times (T1, T2, and T3) with instructions described by Green
et al. (1992) given during the training administration (T2).
The person receives information on the sorting rules (“There
are three ways to match the cards: you can match the card
by color, by the number of objects on the card, or by shape”)
and gets continuous feedback during the training. After each
correct answer, the person is told why it was right (“That’s
right, we are matching to color”), and after each wrong
answer the alternatives (“That was wrong, so we are not
matching to the number of objects, we must be matching to
color or shape”). After 10 consecutively correctly sorted
cards, the participant is informed of the rule change (“After
you get 10 correct in a row, the rule changes; you are no
longer matching to color, you must be matching to the num-
ber of objects or to the shape”). We calculated gain scores
as proposed by Sergi et al. (2005) (i.e., by dividing actual
gain by potential gain). The following formula was used:
Gain score5 (post-training performance–pre-training per-
formance)0(582pre-training performance). Sorting 58 cards
correctly was considered perfect performance, since six
errors are expected because of the maximum six rule-
changes that can occur on a 64-card WCST version. The
significant differences between T1 performance and T3 per-
formance on the WCST (correct responses; paired samples
t-test; t523.14, p5 .04, df5 24) imply that the training
intervention was effective and that improvement took place
(see Table 3).

Measure of Functional Outcome

Functional outcome was assessed with the Assessment of
Interpersonal Problem Solving Skills (AIPSS; Donahoe et al.,
1990), a social problem-solving task. In this test, partici-
pants are exposed to 13 videotaped social situations of which
10 present a problem where one person prevents another
person from reaching a desired goal. The participant is
probed for receiving, processing, and sending skills. Receiv-
ing Skills is based on the person’s answer to the question of
whether there is an interpersonal problem in the situation
and the explanation of what this problem is. Processing
Skills is the subject’s response to what he would do to solve
the problem. Sending Skills is scored from the participant’s
role-play with the test administrator, where he is told to
solve the situation. The person is evaluated for verbal and
nonverbal skills and of how likely it is that he will solve the

problem. Percentage correct responses are computed for
each of the three AIPSS skills.

The AIPSS has been translated to Swedish with good psy-
chometric properties (Stålberg et al., 2008).We used the Swed-
ish version, but added dubbed-over Norwegian voices. In order
to check the reliability of the Norwegian version we had one
Swedish expert, who was blind to the subject’s group status,
rate 10 videotaped recordings and compared the subject’s
scores with that of the Norwegian administrator (AV).Accord-
ing to the AIPSS manual, two raters are in agreement if their
ratings are within 0.5 points of one another. This was the case
for 99% of the scored items, whereas the corresponding num-
ber for total agreement was 88%. In addition, an intraclass
correlation coefficient (Shrout & Fleiss, 1979) was calcu-
lated. It corresponded to a value of ICC(3,1)50.96 ( p, .001,
CI: 0.95–0.96). In this study, we investigate AIPSS Sending
Skills as functional outcome, where the mean score was 47.1%
(SD5 13.3) correct items.

Statistical Analyses

The Statistical Package for the Social Sciences (SPSS for
Windows, version 14.0; SPSS Inc., Chicago, IL, USA) was
used. The first step when examining mediation consisted of
several analyses using Pearson’s r for bivariate correla-
tions. The associations between social problem-solving and
its hypothesized predictor variables; neurocognition, emo-
tion perception, and learning potential, as well as back-
ground variables, such as symptom level, demographic
information and social functioning were analyzed.

We followed the method described by Baron & Kenny
(1986) to determine whether emotion perception and learn-
ing potential mediated between neurocognition and social
problem-solving. A mediating effect is said to be present if
the following three conditions are fulfilled: (1) the indepen-
dent variable (neurocognition) is related to the mediator
(emotion perception or learning potential), (2) the mediator
(emotion perception or learning potential) is related to the
dependent variable (social problem-solving), and (3) a pre-
viously significant relationship between the independent vari-
able (neurocognition) and the dependent variable (social
problem-solving) is no longer significant, or at least greatly
reduced, when the mediator (emotion perception or learn-
ing potential) is controlled.

Specifically, condition one and two were analyzed by
computing zero-order correlations (Pearson’s r) between
the investigated set of variables as described in the para-
graph above. Condition three was analyzed by three regres-
sion analyses. In Model I the predictive power of the
independent variable (neurocognition) on the dependent vari-
able (social problem-solving) was investigated. In Model II
the mediating effect of emotion perception on the relation
between neurocognition and social problem solving was
analyzed by conducting a stepwise hierarchical regression
analysis. Emotion perception was entered in the first block
and neurocognition in the second block. In Model III the
same procedure was performed in order to analyze the medi-

Table 3. Performance on the Wisconsin Card Sorting Test in
participants with schizophrenia (N5 25)

M SD Range

WCST
T1 Correct responses 48.8 8.0 24–57
T2 Correct responses 60.1 2.8 52– 64
T3 Correct responses 54.7 6.2 39– 64
Gain score 0.38 1.22 23.00–2.50
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ating effect of learning potential on the relation between
neurocognition and social problem-solving. Learning poten-
tial was entered in the first block, neurocognition in the
second. Standard statistics are reported (R, R2, adjusted R2,
increase in R2 (DR2 ), and significance testing of the model
(F-values)), followed by partial r, standardized regression
weights (b) and significance testing of each effect (t-tests).
Comparing the partial correlations (or standardized regres-
sion weights, b) from Model II (and Model III) with those
from Model I, the mediating effect of emotion perception
(or learning potential) on the effect of neurocognition on
social problem-solving, can be shown. A reduction in the
correlation (or regression weight) of neurocognition on social
problem-solving when controlling for emotion perception
(or learning potential), gives an estimate of the size of the
mediating effect.

RESULTS

Correlations between AIPSS Sending Skills and demo-
graphic, clinical and social function variables are presented
in Table 4. AIPSS Sending Skills was not significantly related
to any of the clinical characteristics, nor to any of the self-
reported social functioning measures. Among the demo-
graphic variables, a significant association with gender and
a trendwise association with age were found. Women and

younger participants performed better than men and older
participants.

The mediating effect was studied by analyzing whether
the three conditions specified earlier were fulfilled. In Table 5
the zero-order correlations between the study variables are
shown. Conditions one and two were fulfilled for emotion
perception being a mediating variable through its signifi-
cant relation to both the independent (neurocognition: r 5
.67, p, .001) and the dependent variable (social problem-
solving, r 5 .50, p , .001). Conditions one and two were
only partly met for learning potential as a mediator. Neither
the relation to the independent (neurocognition, r 5 0.32,
p 5 .06), nor to the dependent variable (social problem-
solving, r5 .29, p5 .06) were significant. However, because
both correlations equaled a medium effect size (Cohen,
1988), and the lack of statistical significance may be
explained by the small sample size, we decided not to exclude
learning potential in the condition three analyses.

Condition three was examined by three regression analy-
ses (see Table 6). In Model I the previously reported sig-
nificant relation between neurocognition and social problem
solving (r 5 .57) was restated by showing that its effect
amounted to 30% explained variance with a standardized
regression weight of b 5 0.57. In Model II the effect of
emotion perception on social problem-solving was restated
in step 1 with 22% explained variance. In step 2, the net
effect of neurocognition on social problem-solving when
controlling for the mediating variable was shown as a non-
significant partial correlation of .37 and standardized regres-
sion weight of b 5 .43. Both Model I and Model II were
highly significant and explained approximately the same
amount of variance in social problem-solving (Adjusted
R2 : .30 vs. .29). In Model II, however, the effect of neuro-
cognition was reduced from a significant (p 5 .002) to an
insignificant contribution ( p 5 .071). For learning poten-
tial the same change did not occur. Whereas both models
(I and III) significantly explained approximately the same
amount of variance in social problem-solving (Adjusted
R2 : .30 vs. .27), no major change in the effect of neuro-
cognition on social problem-solving occurred when con-
trolling for the mediating effect of learning potential ( p5
.002 vs. p 5 .009).

DISCUSSION

To the best of our knowledge this is the first study to simul-
taneously investigate the mediating role of both emotion

Table 4. Pearson’s correlations between clinical and
demographic characteristics, social funtioning and social
problem-solving skills in participants with schizophrenia

Variables (measures)

AIPSS
Sending

Skills

Demographics
Gender 0.42*
Age 20.36
Education 20.03
WASI IQ 20.03
NART errors 20.15

Clinical characteristics
Total psychopathology (PANSS–total score) 20.11
Positive symptoms (PANSS–positive scale) 20.12
Negative symptoms (PANSS–negative scale) 20.20
Level of functioning (GAF-f ) 0.04
Level of symptoms (GAF-s) 20.04
Illness duration 20.22

Social functioning (SFS)
Withdrawal0social engagement 0.24
Interpersonal communication 0.08
Independence–performance 0.10
Independence–competence 20.14
Recreation 0.26
Prosocial 20.10
Employment0occupation 0.24

*p, .05

Table 5. Pearson’s correlations between study variables

AIPSS Neurocognition
Emotion

perception

Neurocognition 0.57** — —
Emotion perception 0.50** 0.67** —
Learning potential 0.29 0.32 0.31

**p, .01
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perception and learning potential between neurocognition
and social problem-solving skills in schizophrenia. We found
that a neurocognitive factor, based on four neuropsycholog-
ical tests, predicted the ability to role-play the solution to
an interpersonal problem. Thus, our study confirmed that
neurocognition is an important contributor to social problem-
solving skills, with about 30% of the variance explained.
The neuropsychological tests comprising our neurocogni-
tive composite score and the social problem-solving test
require similar skills. The need for rapid processing of stim-
uli and the ability to change strategies depending on the
surroundings is involved both in a social role-play situa-
tion, as well as in the solving of these neuropsychological
tests. If trying to solve a challenging social situation by one
approach is not successful, the smart thing to do is to try
another. A similar type of flexibility is involved in the suc-
cessful solving of a set shifting executive test. Our measure
of social cognition, a composite score based on four emo-
tion perception measures, also predicted social problem-
solving, and neurocognition predicted emotion perception.

The main finding of our study was a weakened associa-
tion between neurocognition and social problem-solving
when emotion perception was controlled for. Although estab-
lishing causal effects is difficult in a cross-sectional design,
our results imply that emotion perception may be seen as a
partial mediator of the relationship between neurocognition
and social problem-solving, and that neurocognition has
both direct and indirect effects on social problem-solving.
Because it appears less likely from a theoretical standpoint
that neurocognition is a mediator between emotion percep-
tion and social problem-solving, this issue was not studied.

Although we were not able to show that emotion percep-
tion eliminated the previously significant relationship
between neurocognition and interpersonal skills, which is
the formal requirement for total mediation (Baron & Kenny,
1986), our results are in line with the emerging literature on
this matter. Several studies have examined this relation-

ship, using different measures and statistical methods. Using
methods similar to the one in our study, Addington and
colleagues have found that facial affect recognition was a
partial mediator between neurocognition and social func-
tioning (quality of life) in psychosis (2006b), and that social
perception mediated between neurocognition and interper-
sonal role-playing skills (2006a). Using path analysis, Brekke
et al. (2005) found support for biosocial pathways to func-
tional outcome, that is, the influence of neurocognition on
functional outcome (work, social functioning, and indepen-
dent living) was mostly indirect through emotion percep-
tion, social support, and social competence. Using structural
equation modeling, Sergi et al. (2006) showed that social
perception was a mediator between neurocognition and social
functioning, whereas Vauth et al. (2004) found social per-
ception to have a stronger influence on work-related skills
than neurocognition had, but social perception could, to a
large degree, be explained by neurocognition. Thus, there is
growing evidence that social cognition is a mediator between
neurocognition and functional outcome. This has led to a
search for new clinical interventions, and there are cur-
rently several efforts to incorporate training of social cog-
nitive deficits in therapeutic approaches. Combs et al. (2007)
recently reported improvement in social cognition and self-
reported social relationships in an inpatient sample of indi-
viduals diagnosed with schizophrenia spectrum disorders
after participation in a social cognitive training program.

For learning potential the picture is somewhat different
from that of emotion perception. Contrary to our hypoth-
esis, learning potential did not significantly predict social
problem-solving skills and was not shown to mediate the
relation between neurocognition and social problem-solving.
Earlier studies have found learning potential to predict non-
social problem-solving skills (Wiedl, 1999) and readiness
for psychosocial rehabilitation (Fiszdon et al., 2006), phe-
nomena that can both be considered as functional out-
comes. These outcome measures are less socially demanding

Table 6. Regression analyses showing the effect of neurocognition on social problem-solving before and after
controlling for the two proposed mediators (emotion perception and learning potential)

Social problem-solving:
AIPSS Sending Skills

Explained variance Partial effects

R R2 Adj. R2 DR2 F (df ) Partial r b t p

Model I 11.6 (1,24)
Neurocognition 0.57 0.33 0.297 0.33 p5 0.002 0.57 0.57 3.40 0.002

Model II 6.2 (2,23)
1. Emotion perception 0.50 0.25 0.216 0.25 p5 0.007 0.19 0.21 0.91 0.372
2. Neurocognition 0.59 0.35 0.292 0.10 0.37 0.43 1.89 0.071

Model III* 5.4 (2,22)
1. Learning potential 0.29 0.08 0.042 0.08 p 5 0.012 0.13 0.12 0.62 0.537
2. Neurocognition 0.57 0.33 0.269 0.25 0.53 0.53 2.86 0.009

*N5 25 due to missing data
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than performance on a role-play test dealing with problem-
atic interpersonal situations, thus constituting functional out-
come of a different nature. Our outcome measure is one of
social functioning, and it can be speculated that the reason
we did not find learning potential to be related to AIPSS
performance, is that it is closer to non-social than to social
functional outcome. Measures of non-social functional out-
come were not included in the current study, but future
studies should look into this. Following the same argument,
it is not surprising that emotion perception, a social cogni-
tive measure, showed stronger potential as a mediator, given
the social nature of our outcome variable.

The sample showed gender effects for social problem-
solving skills. Women performed better than men, an effect
that we also found in an earlier study on auditory emotion
perception in the same sample (Vaskinn et al., 2007), with
females outperforming males. Thus, our results support the
finding that schizophrenia strikes harder in men than in
women (Leung & Chue, 2000), and future studies should
investigate how gender influences the relation between
neurocognition and social problem-solving. We found no
significant associations between social functioning and social
problem-solving, both measures of functional level. This
could be because of the fact that these measures differ in
terms of scoring procedures. The AIPSS is scored by an
expert watching a videotaped role-play, whereas the SFS is
a self-report measure. People diagnosed with schizophrenia
have poor insight (Aleman et al., 2006), and it is possible
that the current sample overrated their own level of social
functioning on the SFS.

The participants in our study, mostly outpatients, com-
prise a reliably diagnosed schizophrenia group with mod-
erate symptom load and normal intellectual functioning.
The present group performed slightly better than individ-
uals diagnosed with schizophrenia in most previous stud-
ies. The TOP schizophrenia sample (N5 110) reported on
in a previous study from our group (Vaskinn et al., in
press), represents the largest group of people with schizo-
phrenia studied at that time with neurocognitive measures
in Norway. Their WASI IQ was 104.6 (SD5 14.0), which
is not substantially different from the present sample’s IQ
of 107.5 (SD 5 11.6). Although it is likely that the more
affected individuals refused to partake in a demanding study
such as ours, we are lead to believe that acquiring a mean
WASI IQ of slightly above 100 is typical for participants
diagnosed with schizophrenia of mostly outpatient status
volunteering for research. In spite of the normal IQ, we
still found that the well-established relation between neuro-
cognition and functional outcome was mediated by emo-
tion perception, albeit not by learning potential. We thus
conclude that also in well-functioning participants with
schizophrenia emotion perception impacts on how well
participants solve social problems. Learning potential seems
not to, although it is unclear whether samples with greater
memory problems than our group show different associa-
tions between neurocognition, learning potential, and func-
tional outcome.

Our study has several limitations. First, our sample is
small with reduced statistical power as a result. This may
explain the lack of statistical significant associations between
learning potential and other measures. The sample size also
reduces the number of variables that can be reliably inves-
tigated and prevented us from building more complicated
regression models. Also, the effect of neurocognition on
social problem-solving still approached significance after
controlling for emotion perception ( p 5 .071), although it
was reduced. With a larger sample size, the same effect
would be significant, and emotion perception can only be
claimed to be a partial mediator. Finally, we have restricted
our analyses to AIPSS Sending skills, but acknowledge the
need to examine other outcome measures.

In conclusion, our study indicates that emotion percep-
tion partially mediates the relationship between neurocog-
nition and functional outcome as assessed with a social
problem-solving task. Learning potential seems to have less
potential as a mediating variable between neurocognition
and social aspects of functional outcome.
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