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Abstract
Limited research has specifically examined the nature of the dysfunction in emotion categorization
representation in schizophrenia. The current study aimed to investigate the perception bias of
morphed facial expression in subjects with schizophrenia and healthy controls in the emotion
continua. Twenty-eight patients with schizophrenia and thirty-one healthy controls took part in
this study. They were administered a standardized set of morphed photographs of facial
expressions with varying emotional intensities between 0% and 100% of the emotion, in 10%
increments to provide a range of intensities from pleasant to unpleasant and approach to withdraw.
Shift points, indicating the time point that the subjects’ emotion identification begins to change,
and response slopes, indicating how rapidly these changes have happened at the shift points in the
emotion continuum, were measured. Patients exhibited a significantly greater response slope (i.e.,
patients’ perception changed more rapidly) and greater shift point (i.e., patients still perceived
mild expressions of anger as happy faces) with increasing emotion signal compared with healthy
controls when the facial expression morphed from happy to angry. Furthermore, patients with
schizophrenia still perceived mild expressions of fear as angry faces(a greater shift point) and were
less discriminative from angry to fearful emotion(a flatter response slope). They were sensitive to
sadness (a smaller shift point) and the perception changed rapidly (a sharper response slope) as
compared with healthy controls in the emotion continuum of happy to sad. In conclusion, patients
with schizophrenia demonstrated impaired categorical perception of facial expressions, with
generally ‘rapid’ but ‘late’ discrimination towards social threat-related stimuli such as angry facial
expression. Compared with healthy controls, these patients have a sharper discrimination
perception pattern in the emotion continua from positive valence to negative valence.
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1. Introduction
Individuals with schizophrenia demonstrate consistent and pervasive difficulties in their
ability to accurately perceive or decode universally recognized facial expressions of
emotions(Morrison et al., 1988; Tremeau, 2006; Chan et al., 2008; Kohler et al., 2009). The
difficulties in perceiving others’ emotion might be associated with the underlying
information processing dysfunctions in this clinical population (Gur et al., 2002; Chambon
et al., 2006; Bediou et al., 2007).

Previous studies have suggested that schizophrenia have specific deficits in encoding or
decoding other’s emotion (Bediou et al., 2005). For example, patients with schizophrenia
could respond quickly to certain negative emotions of fear and anger (Mandal et al., 1998).
Evidence further suggested that patients with schizophrenia could also have spatial bias in
response to the positively and negatively valence emotion chimeras (Gooding and Tallent,
2002). However, other studies suggest that schizophrenia might have general deficits in
emotion processing because the deficits in emotion perception associated with the disorder
are likely to involve the effective integration of emotion and cognition for adaptive
functioning in areas such as goal-setting, motivation, and memory (Silver and Shlomo,
2001; Herbener et al., 2008) or attentional abilities (Bruce and Young, 1986; Penn et al.,
2001; Combs et al., 2006, 2008). Johnston et al., 2001 suggested that a generalized deficits
could explain the differential pattern of impairment in schizophrenia without having to
postulate impairment of specific processing modules for negative emotion recognition
(Johnston et al., 2001). The general emotion processing deficits could be due to the failure
of limbic regions activation (Gur et al., 2002). Bilateral amygdale abnormalities were found
in paranoid schizophrenia when probing with morphed dynamic facial expressions (Russell
et al., 2007). One of the possible reasons for this controversy could be that schizophrenia
individuals are unable to render accurate interpretations when the facial expressions show
only subtle changes in eye and mouth positions (low valence)(Kington et al., 2000;
Loughland et al., 2002; Zhu et al., 2007).

An alternative perspective to explain this controversy is that schizophrenia might be over-
sensitive to some specific emotion salience and have general decoding (inferring) deficits
when processing emotion. Specific perception modules were used when processing specific
emotion valence. For example, fMRI study indicated that high risk individuals for psychosis
exhibited stronger activation related to neutral faces relative to emotional faces in brain
activations compared to control subjects, suggesting that these high risk individuals were
prone to attribute salience to neutral stimuli (Seiferth et al., 2008).Empirical findings also
suggest that schizophrenia patients not only have difficulty decoding facial expressions in
general (Kerr and Neale, 1993) but also demonstrate emotion-specific deficits in perception
because separate channels might be used for processing positive and negative
emotions(Silver et al., 2002).

In order to further clarify the underlying reasons and enrich our understanding on the nature
of the emotion perception deficits in schizophrenia, there are two issues, namely the
specificity and sensitivity of emotion perception, that we should take into consideration
(Schneider et al., 2006). The categorical emotion representation paradigm may enable us to
examine more carefully on these two issues (de Gelder et al., 1997; Pollak and Kistler, 2002;
Kee et al., 2006; Huang et al., 2009a, b). In the current study, we attempted to find out
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whether the differential response patterns of facial affect perception between patients with
schizophrenia and healthy controls would be due to the perception threshold, the ability of
inferring meanings or the perceiving sensitivity. For example, a sharper or shallower
discrimination slope when the facial expression morphed from happy to anger. Therefore,
the focus of this study was to investigate the discrimination accuracy of emotional stimuli in
subjects with schizophrenia and healthy controls using a standardized set of photographs of
facial expressions with varying emotional intensities. We would like to clarify the extent to
which perception accuracy of a range of positive to negative facial expressions was affected
by clinical status for some basic emotions, including happiness, sadness, fear, and anger. A
female served as an example of each emotion, morphed to produce an expression between
0% and 100% of the particular emotion, in 10% increments to provide a range of intensities
from pleasant to unpleasant, such as happy to angry and happy to sad (Aghevli et al., 2003),
and approach to avoidance, such as angry to fearful (Cheung et al., 1997). Our primary
questions focused on (a) will the schizophrenia group show a similar or a differential
categorical perception threshold compared with normal controls? (b) to what extent do
schizophrenia compared with normal controls show a response sensitivity in identifying
negative facial affect with increasing emotional valence?

2. Method
2.1. Morphed emotional stimuli

The facial emotional images were created from a set of black and white photographs of
Asian people, developed by Ekman & Friesen (Ekman and Friesen, 1976), which depict
differing expressions, including happy, sad, fearful, and angry. Using a computer algorithm,
the prototype photographs were morphed to create a linear continuum of eleven facial
images between two endpoints (e.g. 0% happy and 100% happy). Each intermediate image
was transformed by a 10% increment (shown in Fig. 1). Details of the morphing technique
were provided in Pollak and Kistler (Pollak and Kistler, 2002). Three continuums (happy to
sad, happy to angry, angry to fearful) were selected because they represent two basic
dimensions: pleasant-unpleasant (i.e., happy to sad, happy to angry) and approach-avoidance
(e.g. angry to fearful). The pleasant-unpleasant was subjective experience dimension of
emotion (Aghevli et al., 2003) while the approach–avoidance was behavioral consequence
dimension of emotion (Cheung et al., 1997). Use of facial expressions reflected a linear
continuum between the prototypes of 100% angry and 100% fearful, 100% happy and 100%
angry, and 100% happy and 100% sad. The middle faces were ambiguous images that
combined features of both ends in half signal strength. For the present study, we created
three continuums as follows:

2.2. Morphed emotion categorization representation task
Prior to testing, definitions of these emotions were presented on the screen to help subjects
become familiar with them. As illustrated in Fig. 2, during testing, a facial image was
presented in the middle of the screen with two different labels of emotion appearing beneath
the image. The subjects selected the one emotion that best described the facial expression by
pressing the ‘f’ button for the left label and ‘j’ button for the right label. Although there was
no time limit for responses, subjects were prompted to respond as quickly as possible to
maintain focus and approximate the real life timing of judgments. The facial image
remained in view until a response was made. At the end of each trial, the subjects were told
to rest their hands on the table before the next image appeared. Testing took between 20 and
30 minutes to complete. There were 33 facial stimuli (11 images within each of the 3
continua, with 1 female poser) that appeared as targets, each presented 8 times in random
order, yielding a total of 264 trials. These trials were administered in two separate blocks of
132, separated by a rest period. For each continuum, we would record the proportion of
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correct identifications of the eleven signal strengths from one prototypical facial emotion to
the other (signal strengths 1-11). The proportion of correct responses was expected to
approach 100% near the two endpoints (e.g., 100% angry or 100% fearful) and to 50% of
strength along the continuum where the facial expressions “switch” from one category to the
other.

2.3. Subjects with schizophrenia
Twenty-eight inpatients with schizophrenia were recruited to this study. The Chinese
version of the structural clinical interview of SCID for DSM-IV was administered to assess
psychiatric diagnoses. Exclusion criteria included a history of head injury, illicit substance
abuse, and co-morbid diagnoses. The clinical characteristics of these patients were
summarized in Table 1. All of these patients were native Chinese. Two of them were
ambidextral. Three of them were left-handed and twenty-three of them were right-handed.
They were all on atypical antipsychotics. Mean dose of typical antipsychotic medication in
CPZ equivalents (mg/day) were 380.69±222.01, SEM=42.73. Symptoms were assessed by
Positive and negative syndrome scale (PANSS) within the same week of administrating
emotion perception task so that the PANSS score should be the current symptom description
of these patients.

2.4. Healthy controls
Thirty one subjects served as controls. Structured interview was used to confirm these
healthy controls did not have psychiatric or neurologic disorders. These healthy volunteers
(healthy controls) were recruited by advertisement on the internet. Informed consents were
signed by all the participants in the healthy control group as well as the schizophrenia group.
They matched the schizophrenia group in gender, age and education (Table 1). All the
controls were native Chinese and were screened for personal or family history of
schizophrenia by interview. Only one of them was left-handed and the rest were all right-
handed.

2.5. Data analysis
We analyzed the data using the method described by Pollak and Kistler (Pollak and Kistler,
2002) in their study of abused and non-abused children. This approach involved fitting
separate logistic function models for each emotion continuum to the data from each
individual participant, deriving estimates of category shift points and slopes for each
individual, and comparing group means on these parameters. However, visual inspection of
the data suggested that a logistic model did not fit some patients in the happy-to-angry and
happy-to-sad continuum (about 11%) and some patients in angry-to-fearful continuum
(about 47%). The unfitness or invalid data could be due to the careless or randomly response
selection of patients and should be excluded to avoid the data contamination. To ensure
including valid data for further analysis, we calculated the increment for each signal strength
interval in percent of correct responses and the data were judged by two independent raters.
After we examined the data pattern for all the subjects, we had a discussion and reached a
consensus that 0.4 would be a suitable cutoff. So we excluded the subjects’ data when their
groups of increments were not significantly larger than 0 with p-value less than 0.4.

Thus, eighteen patients’ data were included in the angry-to-fearful continuum and twenty-
three patients’ data were included in the happy-to-angry continuum and happy-to-sad
continuum. They were all male patients. Table 2 illustrates the demographic characteristics
of the patients being retained and excluded for the subsequent analysis for each emotion
continuum.
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Then we used the logistic function (y=a+b/(1+e−[(x−c)/d]) (Pollak and Kistler, 2002) to fit the
emotion categorization data in the retained subjects. In this equation, y=probability of
identification, x=signal strength, a=lower asymptote, b=difference between upper and lower
asymptotes, c=signal threshold at midpoint, d=slope, and e=exponential function. The “shift
point”–signal threshold at midpoint (c) and the slope (d)–was the parameter we would
estimate to characterize the emotion perception performance in the data analysis. The
meaning of this parameter was the same as that described elsewhere (Kee et al., 2006). The
“signal strength” is the angry emotion signal, increasing steadily in each morphed facial
expression. In the current study, for example, in the emotion continua of “happy” to
“angry”, we regarded the “signal strength” in the “happy” facial expression as 1 and the
“angry” facial expression as 11. The “signal strength” in other morphed facial expression
between these two ends was an integer value between 1 and 11. The “shift point” is the point
on the signal strength continuum at which the most likely choice of emotion shifts from
“happy” to “angry”. The “slope” indicates how abruptly this change happens. A high value
for the slope indicates a clear and relatively abrupt shift from classifying photos as one
specific emotion to another. A flatter slope indicates more ambiguity in the shift from one
emotional pole to the other.

In the current study, we employed an asymptotic method to generate the mean and the
standard error of two parameters, which was based on the 11 data points of the signal
strength in each condition. The principle underlying the asymptotic method was to estimate
the curve parameters making the curve close to the axles in unlimited way.

3. Results
Patients with schizophrenia were significantly different from healthy control both in shift
point and slope (please see Table 3). The slope of patients with schizophrenia were lower
than that of the healthy control in the angry to fearful continuum [t(20)=−3.06, P<0.01,
Cohen’s d=−1.34], but higher than that of the healthy control in both happy to angry
continuum[t(20)=8.92, P<0.001, Cohen’s d=3.87] and happy to sad continuum[t(20)=9.79,
P<0.001, Cohen’s d=4.12]. The smaller slope indicates the less sensitive towards the
increasing intensity of facial expressions.

For the analysis of the shift points, patients with schizophrenia had a significantly higher
shift point than the healthy control in the angry to fearful continuum[t(20)=36.87, P<0.001,
Cohen’s d=15.59], and in the happy to angry continuum[t(20)=8.21, P<0.001, Cohen’s
d=3.50], but a lower shift point in the happy to sad continuum[t(20)=−10.72, P<0.001,
Cohen’s d=−4.55]. A higher categorization threshold indicates the ‘late’ perception in the
emotion continuum.

Fig. 3 illustrated the logistic data pattern in three emotion continua of patients with
schizophrenia and healthy control based on their raw data.

4. Discussion
There is increasing support for the existence of erroneous information processing among
individuals with psychiatric disorders that are measurable when identifying ambiguous
emotional facial expressions. This study examined the group differences in discrimination
accuracy of emotional stimuli among patients with schizophrenia compared with healthy
controls. Using a standard method to generate the emotional stimuli, this study analyzed the
shift points, which indicated when the subjects changed their judgments of emotion
representation, and the slope, which indicated how rapidly these changes at the shift point
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occurred among three emotional continua comprised of positive and negative facial images
across the two groups.

Our data showed that there was a differential response pattern between the patients with
schizophrenia and healthy control because shift points in the assignment of emotional
categories across the three emotional continua differ across groups. Specifically, when facial
expressions shift from happy (positive) to angry (negative), subjects with schizophrenia tend
to categorize angry expressions as happy, compared with the healthy control. Their
perception of subtly negative stimuli is positive, which is incongruent with the stimuli
valence and suggests a deficit of accurate categorization of emotional facial cues. Likewise,
when the stimuli set initially presented angry (approach) and then shifted to fearful
(avoidance), subjects with schizophrenia categorized the fearful expressions as angry
compared to the healthy subjects. In the continuum from happy to sad, patients with
schizophrenia tended to categorize the facial expression as sad rather than happy. This result
provides further information for researchers to understand the cognitive impairment in
specific emotions as previous study found (Silver et al., 2009). These responses may reflect
a dysregulated affective organization that deviates from healthy responding to facial
expressions. This finding might suggest that the deficits of patients with schizophrenia in
perceiving emotion could be due to their insensitivity towards the increasing intensity of
facial expressions, which was consistent with the previous study (Kohler et al., 2003).

The reason why patients with schizophrenia were less sensitive to the increasing intensity of
facial expressions but would engage in some facial expressions once the emotion signal
became evident could be due to several possibilities: First, when facial expressions shift
from angry (approach) to fearful (avoidant), patients with schizophrenia tended to categorize
avoidance signals as approach. One interpretation is that these individuals may be trying to
avoid recognizing a social threat signal even in the context of threatening signals, but will
‘dwell on’ the social threat when it cannot be avoided. Supporting data could also be seen in
the previous review (Green and Phillips, 2004). Previous findings suggested that anxiety-
related attentional biases would vary over time—initial vigilance for high threat cues and
followed by avoidance (Mogg et al., 2004). The current study replicates and extends this
hypothesis in such a way that the perceptual bias of schizophrenia may vary over emotion
intensity – patients would try to avoid perceiving the angry facial expression when it was
subtle as manifested in greater shift point and then become highly vigilant to the angry
expression as manifested in greater slope. Second, from an emotion regulation perspective, it
is possible that, in comparison to healthy controls, subjects with schizophrenia initially
underestimate the negative or distressing facial images to limit or distract themselves from
the greater negative affect that may be evoked. The current result supports the emotion
regulation model proposed by Gross in 1998 that one would move attention away from the
negative emotion-eliciting stimulus at the early emotion regulation process (Gross, 1998,
2002). Inactivation of the negativity bias permits the individual to reduce physiological
arousal as previous study found increased physiological response in schizophrenia was
limited to those with positive emotional content (Hempel et al., 2005). Further evidence
should be provided later to have more exploration on the emotion regulation mechanism of
schizophrenia.

This data may reveal that schizophrenia subjects engage negative stimuli when it reaches a
certain valence threshold (Gooding and Tallent, 2002). In comparison to healthy controls,
schizophrenia subjects may endorse lower negativity bias as part of a response strategy:
They react to stimuli and select choices that regulate perception of threat. These individuals
provide a unique response set as they are attuned to decreasing the valence of the negative
facial expression to regulate affect. The current findings may shed light on how patients with
schizophrenia regulate their affect when they came across negative stimuli by investigating
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their perceptual bias in emotion categorization in morphed facial expression. This may be
helpful for us to develop any potential intervention for the social-cognitive remediation for
schizophrenia. In doing so, we may re-direct their attention to avoid the perceptual bias as
previous study has suggested (Russell et al., 2008).

One of the limitations in the current study was the exclusion of invalid data from clinical
patients. This would more or less reduce the power of the analysis though the function
model might be robust and should not be influenced by individual data too much (Kee et al.,
2006). Moreover, we only recruited the inpatients and the groups were not matched for
gender. Inpatients might be more impaired than outpatients. Samples with more male
controls might be associated with lesser impairment in facial emotion perception in
schizophrenia according to a previous meta-analysis study (Kohler et al., 2009). Further
studies should recruit outpatients with a balanced gender proportion in the near future.

In summary, the current study was important in demonstrating the specific differential
response patterns in schizophrenia. Notably, patients with schizophrenia demonstrated
impaired categorical perception of facial expressions, with generally ‘rapid’ or ‘late’
discrimination in the continua of angry to fearful and happy to angry. Compared with the
healthy controls, patients with schizophrenia have a different categorical perception pattern
in the emotion continua from happy to sad and similar pattern in the emotion continua from
angry to fearful and happy to angry.
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Fig. 1.
Facial images between the prototypes of 100% angry to 100% fearful, 100% happy to 100%
angry, 100% happy to 100% sad. The middle faces are ambiguous images that combine
features of both two ends in half signal strength.
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Fig. 2.
Trial illustration in categorical emotion representation paradigm.
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Fig. 3.
Three emotion continua of two groups. Note: ‘Signal strength’ means the ‘angry’ expression
signal in happy-to-angry continuum, ‘sad’ expression signal in happy-to-sad continuum,
‘fear’ expression signal in ‘angry-to-fear’ continuum. Response percent means the all photos
each signal strength in the group were collapsed into a summary score representing the
proportion of times the photo was classified into the higher (right-end) emotional category.
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Table 1

Demographic characteristics of schizophrenia, healthy controls.

Schizophrenia
(n = 28)

Healthy control
(n = 31)

t-value

Age (years) 34.89(11.82) 30.16(12.02) t(65) = 1.16, n.s.

Education (years) 11.61(2.62) 11.73(3.28) t(65) = 0.049, n.s.

WAIS-R, estimated IQ 101.32(20.91) 106.10(17.86) t(65) = −0.914, n.s.

Gender (m/f), n 28:0 27:4 χ2 = 3.876, P = 0.049

Illness duration (years) 12.31(8.69)

PANSS

 Positive symptom 13.24(5.90)

 Negative symptom 15.52(6.14)

 General symptom 28.84(6.33)

PANSS total score 57.60(13.52)

Values are given as mean (standard deviation), or n.

n.s.: non-significant.
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Table 2

Demographic characteristics of patients with schizophrenia retained and excluded for the slope and shift points
analysis in three emotion continua.

Angry to fear continuum Patients retained Patients excluded

Mean(std) range Mean(std) range

Age (years) 35.0(12.08) 37.00 34.7(11.98) 36.00

Education (years) 12.17(2.18) 7.00 10.6(3.13) 10.00

Illness duration (years) 13.03(9.22) 26.42 22.0(11.00) 22.00

WAIS-R, estimated IQ 104.28(20.66) 65 96.00(21.35) 57

CPZ(mg/day) 403.72(198.75) 711.16 341.54(263.54) 907.00

PANSS

 Positive symptom 12.38(3.98) 15.00 14.78(8.41) 24.00

 Negative symptom 14.88(6.51) 22.00 16.67(5.59) 16.00

 General symptom 27.19(5.44) 17.00 31.78(7.05) 23.00

PANSS total score 54.44(11.01) 43.00 63.22(16.28) 54.00

Happy to angry continuum

Age (years) 34.73(12.28) 37 35.5(10.48) 26

Education (years) 11.73(2.45) 9 11.7(3.37) 10

Illness duration (years) 11.8(8.99) 26.42 14.17(7.96) 23

WAIS-R, estimated IQ 102.00(21.3) 69 98.83(21.10) 49

CPZ(mg/day) 387.08(251.55) 945.16 358.33(49.16) 100

PANSS

 Positive symptom 11.81(3.76) 15 20.75(9.74) 20

 Negative symptom 15.43(6.02) 22 16.00(7.70) 16

 General symptom 27.33(5.30) 20 36.75(5.85) 13

PANSS total score 54.57(10.73) 48 73.5(17.10) 35

Happy to sad continuum

Age (years) 34.27(11.77) 37 37.17(12.83) 29

Education (years) 11.55(2.26) 9 11.83(3.92) 10

Illness duration (years) 11.80(8.99) 26.42 14.17(7.96) 23

WAIS-R, estimated IQ 100.91(20.78) 69 102.83(23.30) 49

CPZ(mg/day) 391.84(250.76) 945.16 341.67(49.16) 100

PANSS

 Positive symptom 11.55(3.66) 15 20(8.60) 20

 Negative symptom 15.85(5.85) 21 14.2(7.79) 17

 General symptom 27.3(5.44) 20 35(6.40) 15

PANSS total score 54.7(10.99) 48 69.2(17.66) 39

Values are given as mean (standard deviation), or n.
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Table 3

Slopes and shift points of two groups for each continuum.

Schizophrenia Control t-test (df) Cohen’s d

Slope

 Angry to fearful 0.84(0.09) 0.99(0.13) t(20) = −3.06** −1.34

 Happy to angry 0.84(0.08) 0.53(0.08) t(20) = 8.92*** 3.87

 Happy to sad 1.12(0.08) 0.81(0.07) t(20) = 9.79*** 4.12

Shift points

 Angry to fearful 6.51(0.11) 4.46(0.15) t(20) = 36.87*** 15.59

 Happy to angry 8.52(0.84) 6.43(0.09) t(20) = 8,21*** 3.50

 Happy to sad 4.45(1.12) 8.06(0.08) t(20) = −10.72*** −4.55

Values are given as mean (standard deviation).

Since the mean and std were generated on the basis of 11 data points in each group, degrees of freedom should be calculated as : df = n1 + n2−2 =
11+11−2 = 20.

**
P<0.01,

***
P<0.001.
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