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Relation between emotional face memory and social
anhedonia in schizophrenia
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Jorge Armony, PhD; Martin Lepage, PhD
Harvey, Bodnar, Sergerie, Armony, Lepage — Douglas Mental Health University Institute and the Department of Neurology
and Neurosurgery; Armony, Lepage — Department of Psychiatry, McGill University, Montréal, Que.
Background: There is an interest in investigating the relation between emotional memory impairments in schizophrenia and specific
symptom dimensions. We explored potential links between emotional memory and social anhedonia severity in patients with schizophrenia and in healthy individuals. Methods: Twenty-nine patients with schizophrenia and 27 matched healthy individuals completed the
Chapman Revised Social Anhedonia Scale and then performed an emotional face recognition memory task involving happy, sad and
neutral face expressions. We calculated emotional memory performance using 2 independent measures: the discrimination accuracy
index Pr and the response bias Br. We also measured valence ratings of the face stimuli. We performed correlation analyses using the
inter-individual variability in social anhedonia severity and the individual score obtained for each memory performance variable and for
each face valence rating condition. Results: Patients with schizophrenia reported higher levels of social anhedonia compared with
healthy individuals. They also showed lower recognition accuracy for faces compared with healthy participants. We found no significant
correlation between social anhedonia severity and any of the memory performance variables for both patients with schizophrenia and
healthy individuals. Regarding potential links between social anhedonia severity and face valence ratings, we found that individuals with
elevated social anhedonia had a tendency to rate the face stimuli as more negative. Limitations: Our negative finding may be partly
explained by a lack of statistical power owing to our small patient sample. In addition, our patient sample had unusually high estimated
IQ scores, which highlights potential issues regarding the generalization of our findings. Finally, we used a yes–no recognition memory
task with a very short retention interval delay. Conclusion: Our results suggest that social anhedonia is not directly linked to emotional
memory deficits and biases and does not interfere with the modulatory effect of positively valenced emotion on memory.
Contexte : L’étude du lien entre les atteintes de la mémoire émotionnelle dans la schizophrénie et certaines dimensions spécifiques des
symptômes suscite l’intérêt. Nous avons exploré les liens potentiels entre la mémoire émotionnelle et la gravité de l’anhédonie sociale
chez des patients schizophrènes et des témoins en bonne santé. Méthodes : Nous avons administré l’échelle révisée d’anhédonie sociale de Chapman à 29 patients atteints de schizophrénie et à 27 témoins jumelés, avant de leur proposer une tâche mémorielle de
reconnaissance de visages arborant des expressions heureuses, tristes et neutres. Nous avons calculé la performance de la mémoire
émotionnelle à l’aide de 2 paramètres indépendants : l’indice Pr de précision de la discrimination et l’indice Br de biais de la réponse.
Nous avons aussi mesuré les cotes de valence correspondant aux stimuli faciaux. Nous avons effectué des analyses de corrélation à
partir de la variabilité interindividuelle de la gravité de l’anhédonie sociale et du score individuel obtenu pour chaque variable du rendement mémoriel et pour chaque score de valence faciale. Résultats : Les patients atteints de schizophrénie ont présenté des taux plus
élevés d’anhédonie sociale que les témoins en bonne santé. Ils ont aussi moins bien reconnu les visages, comparativement aux
témoins. Nous n’avons noté aucune corrélation significative entre la gravité de l’anhédonie sociale et les diverses variables du rendement mémoriel, tant chez les patients atteints de schizophrénie que chez les témoins en bonne santé. Quant aux liens potentiels entre la
gravité de l’anhédonie sociale et les cotes de valence émotionnelle, nous avons noté que les participants présentant une importante
anhédonie sociale avaient tendance à donner une interprétation plus sombre des expressions faciales. Limites : Ce résultat négatif peut
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en partie s’expliquer par le manque de puissance statistique inhérent à la petite taille de notre échantillon. De plus, les patients de notre
échantillon présentaient des QI inhabituellement élevés, ce qui peut empêcher la généralisation de nos résultats. Finalement, notre
tâche mémorielle demandait que l’on réponde par oui ou par non et l’intervalle de rétention était très bref. Conclusion : Nos résultats
donnent à penser que l’anhédonie sociale n’est directement liée ni aux déficits ni aux biais de la mémoire émotionnelle et n’interfère pas
avec l’effet modulateur d’une émotion à valence positive sur la mémoire.

Introduction
In recent years, the candidate symptom approach in schizophrenia has led to a growing interest in social anhedonia.
Social anhedonia is defined as a reduced capacity to experience pleasure in social situations, and multiple studies have
reported elevated levels in people with schizophrenia.1–3
Social anhedonia among people with schizophrenia is a
stable condition across time and clinical status and is relatively independent of symptoms such as depression and psychosis.1 Moreover, elevated social anhedonia in healthy individuals has been associated with an increased vulnerability
to the development of schizophrenia.4–6 Further, it has been
proposed that anhedonia is an enduring trait in which the
severity varies based on a wide range of individual differences.7
It was recently hypothesized that the severity of anhedonia
measured by self-report questionnaires among patients with
schizophrenia may be moderated by episodic memory
deficits.8 Indeed, self-report anhedonia questionnaires, such
as the Chapman scales,9 require patients to reflect on hedonic
memories to estimate the intensity of their emotional experiences. Recalling the subjective experience of pleasure associated with past hedonic experiences could be quite difficult
for some patients in light of the episodic memory deficits that
characterize schizophrenia.10,11 Thus, the congruence between
the measurement of anhedonia through self-report questionnaires and the genuine reduction of the hedonic capacity
could be compromised by these memory deficits. This possible relation between anhedonia and episodic memory has
been examined in patients with schizophrenia 8,12 and in
healthy individuals. 13 Burbridge and Barch 12 examined
whether performance of a standard nonemotional episodic
memory task moderated the relation between anhedonia
questionnaire ratings and the ratings of affective eliciting
stimuli. Their results showed that better memory performance was not associated with a stronger relation between
anhedonia ratings and subjective emotional experience of
positive stimuli. In the experimental protocol by Horan and
colleagues, 8 patients had to first rate their emotional
responses to pleasant foods and film clips and then complete
a surprise memory recall task about their emotions after a
4-hour delay. Results showed no significant difference
between patients and controls in the delayed recall of the
pleasant emotions. They concluded that self-reported anhedonia is not secondary to deficiencies in encoding and shortterm retention for pleasurable experiences. However, as
acknowledged by the authors, their memory task might not
have been sensitive enough to variations in anhedonia, as
performance was quite high owing to the small number of
evocative stimuli and to the use of a short delay between

encoding and recalling the hedonic experiences. Finally, in
2006, Mathews and Barch13 showed that higher levels of
physical and social anhedonia in healthy individuals did not
influence the memory performance for emotional words.
Although recent findings suggest that self-reported anhedonia among patients with schizophrenia is not influenced
by episodic memory deficits, there is still a need for a more
precise investigation of potential links between anhedonia
and emotional memory. First, it is uncertain whether the
severity of a specific type of anhedonia modulates the memory performance for a congruent type of emotional stimuli.
This suggests that self-reported social anhedonia among
patients with schizophrenia may be moderated by memory
performance for social emotional information only. Second, it
is still unclear whether social anhedonia is directly associated
with the failure of positive emotional valence to enhance
memory among patients with schizophrenia.14 Finally, it may
be important to examine whether or not self-reported social
anhedonia is linked to specific memory biases. Psychiatric
symptoms can bias cognitive and affective information processing by altering the way such information is processed,
organized and represented. Brébion and colleagues15 examined the relation between memory biases and both positive
and negative symptoms in 40 patients with schizophrenia.
They found that hallucination scores correlated with an increased bias toward false recognition of nonpresented words
(familiarity bias), whereas anhedonia was significantly correlated with a more conservative bias, that is, with fewer
false recognitions of nonpresented words (novelty bias). As a
whole, emotional memory biases and deficits associated with
social anhedonia still need to be better understood.
The primary goal of our study was to determine whether
or not social anhedonia measured in people with schizophrenia and in healthy individuals would be associated with variations in emotional memory performance and/or biases
during an emotional face recognition memory task. We
hypothesized that the severity of social anhedonia among
patients with schizophrenia would be significantly and negatively correlated with the recognition memory accuracy for
happy faces and with the magnitude of the enhancement of
recognition memory accuracy by positively valenced information. We also expected that elevated social anhedonia
among patients with schizophrenia would be associated with
a novelty detection bias for happy faces.

Methods
To investigate these associations, we used an emotional face
recognition memory task validated by our research group.16,17
We used faces depicting different emotional expressions
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because these are powerful social stimuli that convey crucial
information used in social interactions; such facial expressions have been extensively employed to examine emotional
processing in both nonclinical 18,19 and psychiatric populations.20–23 One important advantage for using facial expressions as emotional stimuli is that they are not confounded by
the overlap between stimulus emotionality and complexity
or the unusualness that is often encountered with words or
complex pictures.24–26 We specifically chose sad and happy
expressions because these are basic emotions that are encountered in everyday life and are easily decoded, even among
psychiatric patients.21,22 In previous studies, our group used a
similar version of the emotional face recognition memory
task and demonstrated that both happy and sad expressions
significantly modulate recognition memory performance and
biases for face stimuli in healthy individuals.17,27

Participants
We screened all participants to exclude those with a past or
current neurologic condition (including head trauma with
loss of consciousness) that could affect cognition; current
drug or alcohol abuse (i.e., DSM-IV28 criteria not met for
abuse for at least 3 months); and family history of hereditary
neurologic disorders. We obtained written informed consent
from all participants after providing them with a complete
description of the study. The institutional review board of the
Douglas Mental Health University Institute approved our
protocol.
We recruited outpatients with schizophrenia from various
clinics of the Douglas Institute. Patients’ treating psychiatrists
diagnosed schizophrenia according to the DSM-IV criteria. A
trained research assistant independently confirmed the diagnosis using the Structured Clinical Interview for DSM-IV
Axis I Disorders (SCID-I).29 We assessed positive and negative symptoms with the Scale for the Assessment of Positive
Symptoms30 and the Scale for the Assessment of Negative
Symptoms,31 respectively. We measured overall function
using the Global Assessment Scale.32
We recruited healthy individuals through advertisements
in local newspapers, and we examined them according to
the nonpatient edition of the SCID-I to rule out any current
or past Axis I psychiatric disorders. We excluded healthy
individuals with a family history (first-degree relative) of
schizophrenia spectrum disorders. We selected a group of
healthy individuals who were representative of the normal
population; we did not assess Axis II disorders and other
personality traits. Efforts were made to match healthy individuals and patients with schizophrenia based on sex, age
and education.

Procedure
We conducted the study at the Douglas Mental Health University Institute. Participants first completed the social anhedonia scale, and we subsequently assessed them using the
Rey Auditory Verbal Learning Test,33 a standardized verbal
memory measure to estimate nonemotional verbal episodic
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memory performance. We estimated full-scale IQ using the
Wechsler Abbreviated Scale of Intelligence34 to ensure that
any possible group differences in terms of episodic memory
performance could not be attributed to a substantial disparity
in intellectual ability. Three patients and 1 healthy individual
refused to be assessed with the Rey Auditory Verbal Learning Test, and 3 healthy individuals refused to be assessed
with the Wechsler Abbreviated Scale of Intelligence. Finally,
participants performed the experimental emotional face
recognition memory test in our laboratory on a personal computer using E-Prime software (Psychology Software Tools).

Measurement of social anhedonia
We used the Chapman Revised Social Anhedonia Scale35 to
measure trait anhedonia severity. The Chapman anhedonia
questionnaires9,35 are by far the most common anhedonia
scales used to study the trait-like dimension of anhedonia.1,5,36–40 The Social Anhedonia Scale is a 40-item self-rated
questionnaire with true or false answers on items that
describe various common social situations. Some examples of
the items presented are “I have always enjoyed looking at
photographs of friends” and “I have often found it hard to
resist talking to a good friend, even when I have other things
to do.” The total score ranges from 0 to 40 (the lower the
score, the less severe the anhedonia). In both patients with
schizophrenia and healthy individuals, internal reliability for
the Social Anhedonia Scale is consistently good with the α
coefficient typically exceeding 0.80.41

Emotional face recognition memory task
We selected photographs of individuals depicting sad, happy
or neutral facial expressions from 4 databases: Karolinska
Directed Emotional Faces,42 the Psychological Image Collection at Stirling (http://pics.psych.stir.ac.uk), the Computer
Vision Laboratory (http://lrv.fri.uni-lj.si/facedb.html) and
the Purdue Robot Vision Lab AR (http://rvl1.ecn.purdue
.edu/_aleix/aleix_face_DB.html) data sets, which our group
has used as part of 2 functional magnetic resonance imaging
(fMRI) emotional memory studies.16,17 We modified all images
using Adobe Photoshop 7.0 (Adobe Systems) to achieve uniform face size, contrast and resolution and to convert them to
grey-scale. In addition, we removed hair from the images so
that the sex discrimination task was based only on the facial
features. Overall, we used 168 stimuli, each corresponding to
a different individual. We divided stimuli into 2 subsets, each
with 28 sad, happy and neutral faces (half of the faces were
male). The emotional face recognition memory task consisted
of 2 phases: encoding and recognition.
During the encoding phase, 84 faces taken from one subset (counterbalanced across subjects) were presented twice,
in a pseudorandom order. We instructed participants to
make a sex judgment by clicking predetermined “male” and
“female” buttons and to remember the stimuli. We chose
this incidental task during the encoding phase to limit group
differences in emotion discrimination and identification. Previous studies have shown that people with schizophrenia

Rev Psychiatr Neurosci 2009;34(2)

Emotional memory and social anhedonia in schizophrenia

have difficulties with the explicit evaluation of emotional
faces.43,44 Hence, using an incidental task that can be performed
equally well by both groups likely minimizes this difference.
We assessed the recognition phase immediately after the
encoding phase. During the recognition phase, the same
stimuli were presented with an equal number of new faces.
We asked participants to judge whether each face had been
previously presented by clicking on predetermined “old”
and “new” buttons. The stimulus time presentation was
2.5 seconds with an intertrial of 1.5 seconds. After the recognition phase, we asked participants to rate all the faces in
terms of valence. To achieve a more precise and idiosyncratic
rating from participants, each face was accompanied with a
continuous line with the label “very negative” at the left end
of the line and the label “very positive” at the right end of the
line. We informed participants that the middle of the line was
associated with neutrality. Using a mouse, participants
moved an arrow on this line and clicked the left button once
the arrow was well positioned on the line according to the
emotional valence of the face. This procedure indicated their
personal emotional valence rating for each face presented.
The continuous line was in fact an ordinal scale ranging from
“1” (very negative) to “323” (very positive).
Because of the nature of face stimuli, it is possible to objectively determine the degree of physical similarity among
stimuli within and between emotional categories. This latter
point is critical when investigating the potential expressioninduced modulation of memory performance, although it has
rarely been taken into account in previous research. Specifically, the degree of similarity is determined among the faces
belonging to each emotional category with the eigenface
method on the basis of a principal component analysis technique.45 This eigenface method has been used for our face
stimuli, and the results of this analysis are published else-

where.17,27 Briefly, the eigenface analysis has shown that any
modulation of memory performance by emotion was unlikely to be caused by differences in the degree of similarity
among faces for the 3 expressions.
We calculated memory performance according to the TwoHigh Threshold Model46 by means of the discrimination
accuracy index Pr (Pr = H – FA) and the response bias Br
(Br = FA / [1-(H – FA)]), where H and FA represent proportions of hits and false alarms, respectively. The former provides an unbiased estimate of the accuracy in the response to
old and new items, where higher values correspond to better
(more accurate) memory. The response bias, in contrast, is an
index of the overall tendency to respond “old” or “new”
regardless of accuracy. In this case, positive values indicate a
tendency to say “old” (i.e., familiarity or liberal bias),
whereas the negative side of the scale represents a novelty or
conservative bias (that is, a propensity to say “new”). Importantly, the Pr and the Br measures are independent.46 We also
calculated an index of the modulatory effect of positive emotion on the discrimination accuracy by subtracting the accuracy index Pr for neutral faces from the accuracy index Pr for
happy faces. The result reflects an index of the positive modulation (i.e., Pollyanna effect), that is, the increased discrimination accuracy for happy faces compared with neutral faces.

Statistical analysis
For each group separately, we verified normality of distribution for the demographic variables and measures on the Rey
Auditory Verbal Learning Test, Wechsler Abbreviated Scale
of Intelligence, Social Anhedonia Scale and the emotional
face memory task for each face expression condition (accuracy Pr, response bias Br, gender identification task at the
encoding phase, reaction time at the recognition phase and

Table 1: Demographic, cognitive and clinical data
Group; mean (SD)*
Characteristic

Schizophrenia, n = 27†

Control, n = 27

Statistical test

p value‡

t52 = 0.69
t52 = 0.51

16:11

32.2 (10.5)
13.7 (2.2)
12:15

χ 1 = 1.18

0.49
0.62
0.28

11.1 (5.6)
106.3 (17.2)

7.6 (6.1)
107.5 (15.1)

t52 = –2.20
t49 = 0.26

0.032
0.79

10.8 (3.0)
10.8 (2.9)

12.7 (2.4)
13.1 (2.1)

t48 = 2.46
t48 = 3.22

0.017
0.002

Demographic
Age, yr
Education, yr
Sex, male:female
Anhedonia and cognition
Social Anhedonia Scale35 score
Estimated IQ§
RAVLT
Immediate recall
Delayed recall
Clinical
SAPS, total
SANS, total
Global Assessment Scale32 score

30.4
13.3

(9.1)
(2.6)

2

13.4 (16.3)
17.8 (10.2)
57.6 (21.0)

IQ = intelligence quotient; RAVLT = Rey Auditory Verbal Learning Test;33 SANS = Scale for the Assessment of Negative Symptoms;31
30
SAPS = Scale for the Assessment of Positive Symptoms; SD = standard deviation.
*Unless otherwise indicated.
†We removed 2 patients from the analyses. We present the data for the 27 patients included in the subsequent analyses.
‡We set the statistical significant for all between-group comparisons at p < 0.05.
34
§As determined by the Wechsler Abbreviated Scale of Intelligence.
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face valence rating). We did not consider normality correction to be necessary for any of these variables. We removed
2 patients from the analyses: 1 owing to an extreme score
(34) on the Social Anhedonia Scale (Grubb test for outliers:
G statistic for suspected outlier score = 3.18; critical value for
n = 29: 2.73) and 1 owing to technical problems during the
emotional face memory task. We compared demographic,
cognitive and clinical data between groups using Student
t tests, except for the sex variable, for which we used a
χ2 test. We explored potential relations among severity of
social anhedonia, face valence ratings and memory performance measures using parametric correlation analyses. We
correlated the individual scores measured with the Social
Anhedonia Scale with the subjective ratings of the happy,
sad and neutral faces and with the individual scores for the
Pr-happy, Br-happy, positive modulation index, Pr-sad,
Br-sad, Pr-neutral and Br-neutral performance measures.
We performed statistical tests using SPSS for Windows
(version 15.0, SPSS Inc.). We performed Student t tests and
2-factor mixed design analyses of variance (ANOVA), with
group as a between-subject factor and emotional face expression (neutral, sad or happy faces) as a within-subject factor,
to compare patients with schizophrenia and healthy individuals for the different task variables. We performed paired
t tests to test whether a specific condition bias (Br-sad for
instance) was significantly different from the baseline “0”
(i.e., no novelty or familiarity bias). For each group separately, we also used the parametric Pearson r coefficient to
correlate severity of social anhedonia with the emotional
memory task variables. A straight Bonferroni correction
across all correlations would have been too conservative
given the number of a priori hypotheses. However, to provide additional false-positive protection, we considered correlations to be significant only if they had a p < 0.01.

Results
Participants
We included in our study participants (29 with schizophrenia
and 27 healthy individuals) aged 20–56 years with an estimated IQ of at least 75. At the time of assessment, all patients
had been clinically stable for at least 4 weeks and had been
on a fixed medication regimen for at least 6 weeks. All but
3 patients were taking antipsychotic medication. Twenty-three
were taking second-generation antipsychotics (8 olanzapine,
9 risperidone, 3 quetiapine and 3 clozapine) and 3 were
taking conventional antipsychotics (1 loxapine and 2 zuclopenthixol) — no patients were taking a combination of
both. The mean dose of medication was equivalent to
313 mg/day of chlorpromazine (standard deviation [SD]
340 mg/d),47 and medication was not discontinued for the
purposes of the study. None of the patients had a concurrent
mood disorder at the time of the study, although 7 patients
were receiving concomitant antidepressant medication
(1 venlafaxine, 2 citalopram, 1 mirtazapine, 1 paroxetine,
1 fluoxetine and 1 trazodone), and 2 patients were taking a
mood stabilizing medication (valproic acid). No patients
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were taking benzodiazepines. Table 1 provides demographic,
cognitive and clinical data for all participants.

Anhedonia and cognition
Table 1 reports the mean scores on the Social Anhedonia
Scale for each group. Patients with schizophrenia reported
significantly higher levels of social anhedonia compared
with healthy individuals. They also showed a significant
impairment compared with the healthy individuals for both
immediate and delayed recalls on the standardized measure
of nonemotional verbal episodic memory (Rey Auditory
Verbal Learning Test). This verbal memory deficit was not
explained by a difference in global intellectual ability, as
suggested by the absence of a significant group difference in
estimated IQ.

Valence ratings of the faces
We used a 2-factor mixed design ANOVA to test whether
patients with schizophrenia and healthy individuals differed
for the face valence ratings. The analysis showed no significant main effect of group (F1,52 = 0.02, p = 0.90) and no significant
group by face expression interaction (F2,104 = 0.98, p = 0.38),
indicating that patients with schizophrenia and healthy individuals rated the faces comparably. A significant main effect
of face expression (F2,104 = 380.48, p < 0.001) showed that the
3 face expression conditions were rated differently in terms
of valence (pairwise comparisons: sad < neutral < happy).
Table 2 shows the valence rating data.

Emotional face memory task
Sex identification task: encoding phase
A nonsignificant main effect of group (F1,52 = 0.49, p = 0.49)
and nonsignificant group by face expression interaction
(F2,104 = 0.21, p = 0.80) suggest that patients with schizophrenia
and healthy participants were not significantly different

Table 2: Behavioural data for the face emotional recognition task
Group; mean (SD)
Data
Valence rating
Neutral faces
Sad faces
Happy faces
Recognition accuracy, Pr
Pr-neutral faces
Pr-sad faces
Pr-happy faces
Positive modulation index
Response bias, Br
Br-neutral faces
Br-sad faces
Br-happy faces
SD = standard deviation.

Rev Psychiatr Neurosci 2009;34(2)

Schizophrenia, n = 27

154.44 (15.90)
95.56 (18.76)
240.41 (15.50)
0.37
0.31
0.42
0.04

(0.13)
(0.12)
(0.16)
(0.13)

–0.11 (0.21)
–0.05 (0.21)
–0.13 (0.21)

Control, n = 27

157.85 (24.79)
87.11 (23.48)
246.52 (43.89)
0.44
0.35
0.52
0.08

(0.12)
(0.17)
(0.16)
(0.17)

–0.10 (0.21)
0.02 (0.21)
–0.14 (0.18)

Emotional memory and social anhedonia in schizophrenia

regarding their capacity to properly identify the sex of each
face during the encoding phase (% accuracy for both
groups combined: neutral faces 98%, sad faces 95% and
happy faces 95%). Their was a significant main effect of
face expression (F2,104 = 13.82, p < 0.001), suggesting that
both patients and healthy individuals were more accurate
in the sex identification of neutral faces compared with sad
and happy faces.
Reaction time: recognition phase
As shown by the nonsignificant main effect of group
(F1,52 = 0.03, p = 0.87) and the nonsignificant group by face
expression interaction (F2,104 = 0.47, p = 0.63), there was no difference between patients with schizophrenia and healthy
participants regarding reaction time during the recognition
phase. Furthermore, the emotional face expressions did not
significantly modulate reaction time (main effect of face
expression: F2,104 = 0.77, p = 0.47).
Discrimination index Pr and positive modulation index
Patients with schizophrenia showed an overall lower recognition accuracy for faces (Pr) compared with healthy individuals (Table 2), as revealed by a significant main effect of
group (F1,52 = 4.66, p = 0.036). Moreover, a significant main
effect of face expression (F2,104 = 23.68, p < 0.001) indicated
that face expressions modulated recognition accuracy (pairwise comparisons: Pr-sad < Pr-neutral < Pr-happy). Thus,
faces depicting a sad expression were recognized less well
compared with both neutral and happy faces. On the other
hand, participants had a better memory for the happy faces
compared with both neutral and sad conditions. The absence
of a significant group by face expression interaction
(F2,104 = 1.39, p = 0.25) suggests that the sad and happy face
expressions had a similar modulatory effect on recognition
accuracy for both groups.
We used a Student t test to directly compare patients and
healthy individuals for the positive modulation index.
Healthy individuals were not significantly different from
patients with schizophrenia (t52 = 0.99, p = 0.33) regarding the
enhancement of memory for the happy expression compared
with the neutral expression.
Response biases
Patients with schizophrenia and healthy individuals did not
significantly differ in their overall tendency to respond “old”
(familiarity bias) or “new” (novelty bias) (main effect of
group: F1,52 = 0.16, p = 0.68). In addition, there was no significant group by face expression interaction (F 2,104 = 2.02,
p = 0.14). We observed a significant main effect of face expression (F2,104 = 14.75, p < 0.001), indicating an overall modulatory
effect of emotional face expression on response bias (both
groups combined: Br-neutral –0.10, Br-sad –0.02, Br-happy
–0.13). Both groups showed a significant novelty bias for
happy faces (Br-happy v. baseline “0”; patients: t26 = –3.08,
p = 0.005; healthy individuals: t26 = –4.17, p < 0.001) and neutral faces (Br-neutral v. baseline “0”; patients: t26 = –2.64,
p = 0.014; healthy individuals: t26 = –2.45, p = 0.021). However,
there was no significant familiarity or novelty bias for sad

faces for either patients with schizophrenia or healthy individuals (Br-sad v. baseline “0”; patients: t26 = –1.23, p = 0.23;
healthy individuals: t26 = 0.43, p = 0.67) (Table 2).

Social anhedonia severity, face valence ratings and
emotional memory variables
For each group separately, we performed correlation analyses using the individual scores on the Social Anhedonia Scale
and the individual scores obtained at each memory performance measure (Pr-happy, Br-happy, positive modulation
index, Pr-sad, Br-sad, Pr-neutral and Br-neutral) and at each
face valence rating condition.
Patients with schizophrenia
No happy, sad and neutral face valence ratings were significantly correlated with severity of social anhedonia (p < 0.01
required for significance). Regarding memory performance
per se, there was no significant correlation between any of
the memory performance variables and severity of social
anhedonia (Table 3).
Healthy individuals
There was no significant correlation between happy face
valence ratings and severity of social anhedonia. Conversely,
scores on the Social Anhedonia Scale were significantly and
negatively correlated with ratings of sad faces, suggesting
that healthy individuals with high levels of social anhedonia
rated the sad faces more negatively. In addition, we also
observed a significant correlation between neutral face
valence ratings and scores on the Social Anhedonia Scale,
suggesting that healthy individuals with elevated social
anhedonia perceived neutral stimuli more negatively.
Finally, we observed no significant correlation between any
of the memory performance variables and severity of social
anhedonia (Table 3).
Table 3: Correlations between the SAS scores, the emotional
memory performance measures and the valence ratings in patients
with schizophrenia and healthy controls
Schizophrenia, n = 27
Data
Valence rating
Neutral faces
Negative faces
Happy faces
Recognition accuracy, Pr
Pr-neutral faces
Pr-sad faces
Pr-happy faces
Positive modulation index
Response bias, Br
Br-neutral faces
Br-sad faces
Br-happy faces

Pearson
correlation, r p value

Control, n = 27
Pearson
correlation, r p value

–0.26
–0.38
0.22

0.20
0.05
0.27

–0.51*
–0.49*
0.17

0.007
0.009
0.39

0.29
0.24
0.14
–0.12

0.15
0.24
0.47
0.56

0.07
< –0.01
–0.04
–0.09

0.72
0.99
0.86
0.66

–0.06
–0.11
–0.06

0.77
0.60
0.78

–0.02
0.04
0.02

0.91
0.85
0.93

SAS = Social Anhedonia Scale.35
*Statistical significance set at p < 0.01.
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Discussion
Social anhedonia is a prevalent symptom among patients with
schizophrenia that can interfere with the initiation and maintenance of social interactions. In this exploratory study, we
examined potential links between the severity of this symptom
and emotional memory. We used an emotional face recognition memory task to assess 2 different populations on both
their accuracy in recognizing emotional faces (Pr) and their
response bias (Br) during the recognition. Among our main
hypotheses, we predicted that social anhedonia in schizophrenia would have a detrimental effect on recognition memory
accuracy for happy faces and on the enhancement of memory
for positively valenced information. We also expected social
anhedonia to be associated with a novelty bias for happy faces.
Contrary to our hypotheses, the memory performance measures did not significantly correlate with severity of social anhedonia in patients with schizophrenia or healthy individuals.

experiences among patients with schizophrenia. In general, it
is logical to expect that a reduced capacity to feel pleasure
will significantly impact the immediate self-report of emotional response to positive stimuli. However, equivocal
results in the literature suggest that interfering variables,
such as cognitive deficits, may alter the link between selfreported anhedonia and immediate report of hedonic experiences among patients with schizophrenia. It should be noted
that we did not require our participants to rate their own
pleasure during the observation of the faces; we asked them
to evaluate the extent of which a facial expression looked
happy, sad or neutral. Happy expressions are intense social
stimuli that serve a communicatory function and are automatically and quickly processed by highly specialized neural
systems.50 Thus it is possible that variations in the capacity to
experience pleasure with others are not directly associated
with the capacity to consciously and accurately evaluate the
emotional valence of positively valenced social stimuli.

Severity of social anhedonia and face valence ratings

Social anhedonia and emotional face recognition memory

We explored whether social anhedonia influences face
valence ratings. We found that healthy individuals with elevated social anhedonia rated the sad faces more negatively.
We observed a similar nonsignificant trend among patients
with schizophrenia. Social anhedonia could be linked to an
altered evaluation of negatively valenced information, thus
individuals with elevated social anhedonia may perceive
more negativity from social information. This assumption is
supported by the presence of a significant negative correlation
found among healthy individuals between severity of social
anhedonia and neutral face valence ratings. This significant
correlation suggests that healthy individuals with elevated
social anhedonia perceive more negativity even in neutrally
valenced social information. In both his original48 and revised49
theories, Paul Meehl pointed out that anhedonia could contribute to or be a consequence of what he described as the
aversive drift (i.e., the tendency to take on a burdensome,
threatening, gloomy, negative emotional charge). The fact that
participants with elevated social anhedonia rated the neutral
and sad faces as more negative could reflect this aversive
drift. However, variations in social anhedonia did not influence happy face valence ratings in either group.
The relation between anhedonia ratings and the evaluation
or experience of emotional stimuli has been investigated in
recent studies,8,12–14 yielding mixed results. Consistent with
our findings, Burbridge and Barch12 did not find any significant correlation between social and physical Chapman anhedonia ratings and self-reported experience of multiple types
of positive stimuli in either patients with schizophrenia or
controls. On the other hand, Mathews and Barch13 reported
that in healthy individuals both physical and social anhedonia are associated with less positive valence ratings of positive words. Similarly, Herbener and colleagues14 observed the
same association using positive scenes in their healthy sample but not in their schizophrenia sample. The authors suggested a dissociation between immediate reports of positive
emotional responses and estimation of delayed hedonic

There have been a limited number of studies that have
directly investigated the link between anhedonia and
episodic memory performance. 8,12,13 These studies were
mostly driven by the “anhedonia paradox” usually found in
schizophrenia. Indeed, there is a contradiction between the
high levels of anhedonia usually reported by patients with
schizophrenia through questionnaires and clinical interviews
and the immediate report of normal levels of positive emotions during exposure to hedonic stimuli in a laboratory.
Results from these recent studies do not support the hypothesis that memory deficits among patients with schizophrenia
explain the anhedonia paradox. Consistent with these studies
and contrary to our hypotheses, our results also suggest that
interindividual variability in social anhedonia is not linked to
the memory performance and bias for emotional social
stimuli. It is important to continue the investigation of potential links between cognitive/memory deficits and severity of
social anhedonia for several reasons. First, elevated social
anhedonia in healthy individuals increases the likelihood of
psychiatric illnesses such as schizophrenia developing. The
reduced capacity to feel pleasure in social situations does not
by itself explain the vulnerability; thus a better characterization of the cognitive and psychological features that accompany social anhedonia in healthy individuals is needed.
Second, it has been proposed that anhedonia characterizes
subgroups of patients with schizophrenia.9,51,52 Linking anhedonia to specific cognitive deficits such as emotional memory
impairments could therefore contribute to the cognitive characterization of more homogeneous subgroups of patients.
Moreover, the possible link between anhedonia and emotional memory was of particular interest in schizophrenia
given the anhedonia paradox. Several key questions remain
regarding the nature of anhedonia in schizophrenia. The
anhedonia paradox raises 2 important questions.
First, what do self-report anhedonia questionnaires measure
among patients with schizophrenia? Researchers have recently
proposed that neurocognitive deficits could interfere with the
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measurement of a genuine capacity to feel pleasure among
patients with schizophrenia using self-report questionnaires.
Recent data suggest that episodic memory impairments do not
explain the anhedonia paradox. An alternative target could be
related to the anticipation of pleasure. Indeed, Gard and colleagues53 recently proposed that patients with schizophrenia
experience disturbances in the experience of pleasure related
to future activities. They found that patients with schizophrenia predicted that future events would be less pleasurable and
reported less pleasure in anticipation of future positive events.
In addition, ratings of anhedonia on the Scale for the Assessment of Negative Symptoms were significantly correlated with
the patients’ reports of anticipatory pleasure but not with consummatory pleasure (i.e., genuine rewarding feeling of pleasure in the presence of a positive stimulus/activity). Anticipation of an upcoming pleasure is likely influenced by several
factors, including current mood, memory of past hedonic
experiences and personality traits. Pleasure anticipation
impairments among patients with schizophrenia may originate from an abnormal integration of these factors.
Second, is there a genuine reduction in the capacity to feel
pleasure among patients with schizophrenia? Do people with
schizophrenia always feel comparable levels of pleasure compared with healthy individuals when directly engaged in an
enjoyable activity? This is quite unintuitive given the apparent flat affect and lack of interest that clinicians continuously
observe among these individuals. One could propose that
people with schizophrenia “manage” to feel normal levels of
pleasure in simple hedonic situations (smoking a cigarette,
viewing beautiful pictures, eating cookies) involving more
basic positive emotions. Since these simple hedonic
situations/stimuli are often used in experimental paradigms,
this would explain the absence of a significant difference
between patients and controls for the subjective pleasure felt
during these experiments (consummatory pleasure is apparently preserved). On the other hand, it is possible that people
with schizophrenia will struggle in their capacity to genuinely feel pleasure when confronted with more complex
hedonic situations that involve more complex positive emotions such as pride, accomplishment or complicity. These
positive emotions are more rarely experimentally tested but
are, nonetheless, just as important and are often involved in
multiple real-life situations. Anhedonia is usually divided
into 2 dimensions: social anhedonia and physical anhedonia.
It seems that social anhedonia, as measured by self-report
questionnaires, refers to a greater extent of complex positive
emotions than physical anhedonia. One wonders if an experimental paradigm distinguishing simple basic pleasures
(mostly sensory-based pleasures) from more complex ones
(e.g., pride, accomplishment) could demonstrate that consummatory pleasure is indeed impaired among patients with
schizophrenia, but only for hedonic stimuli/situations
involving complex positive emotions.

Limitations

size of our patient sample (n = 27) was equivalent to that of
similar recent studies,8,12,14 it was still a limited number of participants for a correlational approach. It is possible that our
negative finding was partly explained by a lack of statistical
power.
Second, our patient sample had unusually high estimated
IQ scores, which highlights potential issues regarding the
generalization of our findings. All patients recruited for this
study also participated in an independent fMRI study.
Patients with schizophrenia who accept to participate in our
fMRI studies are usually highly functional and interested in
medical research. To prevent potential problems during the
scanning session, we usually avoid recruiting patients who
are not clinically stable, not functional or who show a total
absence of motivation for participating in the study. This
could partly explain why patients recruited in this study
showed such a high mean estimated IQ. Yet, it is possible
that our findings only apply to a subgroup of highly functional patients with elevated IQ.
Finally, we used a yes–no recognition memory task with a
very short retention interval delay (i.e., a few minutes). One
could suggest that greater modulation of recognition memory
by emotion could have been observed with a task involving a
longer retention interval delay. However, previous studies,
including several from our group, have shown that a simple
yes–no recognition memory task using an incidental encoding
task can nonetheless produce a significant enhancement of
memory for emotional stimuli.16,17,54 Based on these studies, we
felt our task was appropriate to answer our research questions.

Conclusion
Our results suggest that social anhedonia is not directly
linked to emotional memory deficits and biases and does not
interfere with the modulatory effect of positively-valenced
emotion on memory.
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