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Impairment in recognizing facial emotions is a prominent fea-
ture of schizophrenia patients, but the underlying mechanism
of this impairment remains unclear. This study investigated
the specific aspects of visual information that are critical
for schizophrenia patients to recognize emotional expression.
Using the Bubbles technique, we probed the use of visual in-
formation during a facial emotion discrimination task (fear
vs. happy) in 21 schizophrenia patients and 17 healthy con-
trols. Visual information was sampled through randomly lo-
catedGaussianapertures(or‘‘bubbles’’)at5spatialfrequency
scales. Online calibration of the amount of face exposed
through bubbles was used to ensure 75% overall accuracy
foreach subject. Least-square multiple linear regression anal-
yses between sampled information and accuracy were per-
formed to identify critical visual information that was used
to identify emotional expression. To accurately identify emo-
tional expression, schizophreniapatients requiredmore expo-
sure of facialareas (i.e., more bubbles) compared with healthy
controls. To identify fearful faces, schizophrenia patients re-
liedlessonbilateraleyeregionsathigh-spatial frequencycom-
pared with healthy controls. For identification of happy faces,
schizophrenia patients relied on the mouth and eye regions;
healthy controls did not utilize eyes and used the mouth
much less than patients did. Schizophrenia patients needed
more facial information to recognize emotional expression
of faces. In addition, patients differed from controls in their
use of high-spatial frequency information from eye regions
to identify fearful faces. This study provides direct evidence
that schizophrenia patients employ an atypical strategy of
using visual information to recognize emotional faces.
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spatial frequency/bubbles tasks/potent information/
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Introduction

Emotional expression of faces is one of the most impor-
tant sources of socially relevant information that is

needed for adaptive behavior. Schizophrenia patients
have difficulty in identifying and discriminating emo-
tional expression of faces.1,2 These impairments are
found consistently in first episode and chronic phases
of illness3,4 and are less associated with the severity or
chronicity of the illness.5,6 Impairments in emotional
face recognition cannot be explained by antipsychotic
medications7,8 and appear to be closely related to daily
functioning of patients.9,10

A growing body of research has attempted to better
understand the nature of impaired recognition of facial
emotion in schizophrenia. Patients appear to have less
clear categorical boundaries between emotions compared
with controls.11 Using signal detection indices, some
studies showed that schizophrenia patients have diffi-
culty in differentiating one emotion from others and
also tend to misattribute one emotion to others.12,13 In
addition, several studies found that impaired emotional
recognition of faces was associated with impaired visual
processing in schizophrenia.14–18 However, the mecha-
nisms through which visual processing is related to im-
paired emotional recognition in schizophrenia remain
to be determined. To better characterize the relationship
between impaired emotional recognition and visual pro-
cessing, this study aimed to address an important ques-
tion: how do schizophrenia patients utilize facial visual
information to recognize facial emotion?
In studies with healthy individuals, it has been well

established that distinct spatial frequency ranges play
different roles in facial processing, including emotional
face recognition. In general, low-spatial frequency is as-
sociated with global configural facial information and
provides coarse emotional cues, whereas high-spatial fre-
quency is related to featural facial processing and is im-
portant for detailed analysis of facial traits, such as the
precise recognition of identity.19,20 Furthermore, healthy
individuals show a particular strategy of collecting infor-
mation of distinct spatial frequencies from certain facial
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regions when recognizing facial emotions.21 For example,
healthy individuals rely more on high-frequency visual
information from the eyes to recognize fear but on visual
information from the mouth to identify happiness.

The goal of this study was to determine how schizo-
phrenia patients utilize visual facial information to
identify the emotional content of faces. To do so, we
employed the Bubbles technique. Developed by Gosselin
and Schyns,22 the Bubbles technique isolates the visual
information that is used to recognize or categorize visual
objects (e.g., facial affect). In this context, the visual in-
formation that is critical for making judgments, including
identification of facial emotion, is referred to as ‘‘potent’’
information. In a typical experiment using the Bubbles
technique, the objects are sampled through an opaque
field with randomly located Gaussian apertures or ‘‘bub-
bles,’’ and participants are presented with partial infor-
mation about an object that is revealed through the
bubbles. Sampling can be done separately by spatial fre-
quency bandwidths so that fine and coarse information
can be presented simultaneously.23 Critical visual infor-
mation underlying accurate recognition (i.e., potent in-
formation) can be identified by performing regression
analyses on the location of the bubbles and the partici-
pants’ response (i.e., accuracy data). In the context of fa-
cial affect perception, this procedure makes it possible to
determine what facial information is critical for correct
identification of emotional expression and at which
spatial frequency. We focused on fearful and happy emo-
tions because they are highly distinctive21 and examined
the following research questions: (1) do schizophrenia
patients require more visual information to correctly
identify emotional expression? and (2) what specific
visual information (i.e., parts of the face and spatial
frequency) do schizophrenia patients rely on when iden-
tifying emotional expression?

Methods

Participants

Twenty-one (8 females) patients with schizophrenia or
schizoaffective disorder (N = 3) and 17 (6 females) healthy
controls were recruited for this study. Participants were
recruited from a larger National Institute of Mental
Health study ‘‘Early Visual Processing in Schizophrenia’’
(PI: M.F.G.). Schizophrenia patients were recruited from
outpatient treatment clinics at the Veterans Affairs (VA)
Greater Los Angeles Healthcare System and from local
board and care facilities. Schizophrenia patients met di-
agnostic criteria for schizophrenia or schizoaffective dis-
order using the Structured Clinical Interview for DSM-
IV (SCID) Axis I Disorders.24 Exclusion criteria for
patients included: (1) substance abuse or dependence
in the last 6 months, (2) current major depressive episode,
(3) mental retardation based on review of medical
records, (4) history of loss of consciousness for more

than 1 h, (5) an identifiable neurological disorder, or
(6) insufficient fluency in English.
Normal control participants were recruited through

flyers posted in the local community and website post-
ings. Exclusion criteria for control participants included:
(1) history of schizophrenia or other psychotic disorder,
bipolar disorder, recurrent depression, substance depen-
dence, or any substance abuse in the last 6 months based
on the SCID,25 (2) current major depressive episode, (3)
any of the following Axis II disorders: avoidant, para-
noid, schizoid, or schizotypal, based on the SCID for
Axis II disorders,26 (4) schizophrenia or other psychotic
disorder in a first-degree relative, (5) any significant neu-
rological disorder or head injury, or (6) insufficient
fluency in English.
Schizophrenia patients and normal controls were com-

parable in terms of age and parental education but not
personal education (for demographic information, see
table 1). Clinical symptoms for patients were rated using
the expanded 24-item version of the Brief Psychiatric
Rating Scale (BPRS)27,28; and the Scale for Assessment
of Negative Symptoms (SANS)29 (table 1). All the
patients were taking antipsychotic medications at
the time of testing (aripiprazole, n = 9; clozapine,
n = 2; olanzapine, n = 2; prolixin decanoate, n = 1; que-
tiapine, n = 4; risperidone, n = 2). All participants had
normal or corrected to normal vision of at least 20/30.
All interviewers were trained through the Treatment

Unit of the Department of Veterans Affairs VISN 22
Mental Illness Research, Education, and Clinical Center.
SCID interviewers were trained to a minimum kappa of
0.75 for key psychotic and mood items, and symptom
raters were trained to a minimum intraclass correlation
of 0.80. All participants were evaluated for the capacity
to give informed consent and provided written informed
consent after all procedures were fully explained, accord-
ing to procedures approved by the Institutional Review
Boards at UCLA and the VA Greater Los Angeles
Healthcare System.

Bubbles Experiment

The Bubbles experiment was adapted from Gosselin
and Schyns.22 The experiment was programmed with
the Psychophysics Toolbox30 and the Pyramid Tool-
box31 for Matlab. The original facial stimuli32 came
from 5 Caucasian females and 5 Caucasian male posers.
Each poser displayed both a fearful and a happy facial
expression, yielding 20 different facial expressions.
Faces were normalized for location of the eyes and
mouth and lighting and were presented through an el-
liptical aperture to exclude features outside a face.
Figure 1 illustrates the experimental stimulus-generation
procedure for a given trial (for more details,
see 22,33). First (top row), the original facial stimuli (upper
left image) were decomposed into 5 bands of spatial fre-
quency bandwidth of one octave each (85.3–42.7, 42.7–
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21.3, 21.3–10.6, 10.6–5.3, and 5.3–2.6 cycles per face
width; scale 1–5 from the highest to lowest) using
a Laplacian transform. The remaining bandwidth of
<2.6 cycles per face served as constant background.
Second (middle row), we created a number of randomly
positioned Gaussian apertures (i.e., the bubbles). Each
aperture had a SD of 3 cycles per image such that the
size of the bubbles at each spatial scale was adjusted ac-
cordingly. This ensured that bubbles revealed similar
amount of visual information across spatial frequen-
cies. Third (bottom row), randomly sampled Gaussian
apertures were independently applied to decomposed
face images at each of the 5 spatial frequency band-
widths to reveal partial facial information at each spatial
frequency. Finally, the information revealed at each

spatial frequency was summed to generate an experi-
mental stimulus for each trial (lower right image at
the bottom row). This procedure ensured that for
each trial, facial information revealed by the bubbles
(i.e., facial features at each spatial frequency) was ran-
domly sampled.
At the beginning of each trial, one experimental stim-

ulus appeared on the screen subtending 5.73 3 5.73
degrees of visual angle, and participants were asked to
press a key on a computer keyboard to indicate whether
the emotion was fear or happiness. Stimuli remained on
the screen until participants made their response. Accu-
racy was recorded, and feedback was given on each trial.
We adjusted the number of bubbles on a trial-by-trial ba-
sis equally at all spatial frequencies using the QUEST

Table 1. Demographics of Schizophrenia Patients and Healthy Controls

Schizophrenia Patients Healthy Controls Statistics

Age 43.9 (10.6) 38.8 (9.3) t36 = 1.53, NS
Education (years) 12.4 (1.7) 15.2 (1.2) t36 = �5.52, P < .0001
Parental education (years) 12.4 (1.7) 14.3 (2.3) t36 = �0.75, NS
Gender (female/male) 8/13 6/11
Racial breakdown
Caucasian 6 9
Latino 4 1
Asian 0 1
African–American 7 4
Other/unknown 4 2
Brief Psychiatric Rating Scale 35.7 (9.4) NA
Scale for Assessment of Negative
Symptoms

37.2 (11.6) NA

Note: NS, nonsignificant; NA, not applicable. Values are given as mean (SD).

Fig. 1. Illustration of How the Bubbles Stimuli Were Generated. First, each of original faces was decomposed into 5 spatial frequency
bandwidths of one octave each (the first row). Second, each spatial frequency bandwidth was independently sampled with randomly
positionedGaussian apertures or bubbles (the second row). Third, randomly sampledGaussian apertureswere applied to a decomposed face
image at each spatial frequency to reveal partial facial information at each spatial frequency (the third row). The sampled information across
spatial frequencies (plus a constant, nonsampled, and coarsest sixth spatial frequency) was combined to produce an experimental stimulus
(the rightmost image in the third row) at a given trial.
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algorithm34 to maintain correct differentiation at a rate
of 75%. No separate adjustment was made for each sep-
arate emotion. Participants finished 20 practice trials
with the experiment stimuli generated by the original
20 emotional expression images. The experiment con-
sisted of 15 blocks of 80 trials each (i.e., 20 emotional
expressions, repeated 4 times) and lasted about an hour.

Statistical Analysis

First, we examined whether groups differed in the
amount of information needed for identifying emotional
expressions. Because the number of bubbles was adjusted
proportionally across all spatial frequencies based on the
performance, we compared the average number of bub-
bles (i.e., the amount of face exposed) for correct trials.
Second, to determine the facial features that participants
used to discriminate fearful versus happy emotions, we
performed least-square multiple linear regression on
the location of the center of the bubbles and accuracy
data. The plane of regression coefficient from this anal-
ysis is called a classification image. We computed a clas-
sification image per subject per emotion at each spatial
frequency. To increase signal-to-noise ratio, we summed
all classification images within each group per emotion
and per band of spatial frequency. We then smoothed
the classification images (full width at half maximum =
23.54 pixels) and performed a Z score transformation.
To determine which parts of faces participants utilized
significantly more (i.e., potent information), we applied
a 1-tailed Pixel test to the group classification images
(figure 2; Sr = 32.93 pixels; Zcrit = 3.67; P = .05). This sta-
tistical threshold was corrected for multiple comparisons
while taking into account the spatial correlation inherent
to classification images.35

Results

One patient (a male patient diagnosed with schizoaffec-
tive disorder) was excluded from the data analysis be-
cause of invalid data. To determine whether
schizophrenia patients need more visual information to
correctly identify facial emotion, we compared the num-
ber of bubbles between schizophrenia patients and con-
trols. Schizophrenia patients required more facial areas
to correctly identify facial emotions compared with
healthy controls (the number of bubbles: 68.7 6 34.9
and 38.2 6 10.0, t35 = 3.47, P< .001, for patients and con-
trols, respectively). The number of bubbles in schizophre-
nia patients was not associated with clinical symptom
(BPRS total, r = .10, P = .67; SANS total, r = .04, P = .84).
Figure 2 shows facial information that was signifi-

cantly correlated with accurate identification of emotions
in schizophrenia patients (areas in green) and healthy
controls (areas in red); the areas in yellow indicate facial
features that both schizophrenia patients and healthy
controls used. Figure 3 displays crucial facial features
for identification of emotional expression that were
summed across spatial frequencies in schizophrenia
patients and healthy controls.
For fearful faces (figure 2, first row), facial features that

were utilized most effectively in healthy controls were the
bilateral eye regions at high-spatial frequency (scale 1) and
the mouth regions at mid-range spatial frequencies (scales
2–4). Schizophrenia patients also utilized mouth regions at
mid-range spatial frequencies and left eyebrow (scales 2–4),
but patients did not use visual information from the eyes at
high-spatial frequency (scale 1). For happy faces, healthy
controls used the mouth at spatial scale 2 (areas in red and
yellow on the second row). In contrast, schizophrenia
patients utilized regions around the mouth at high-spatial

Fig. 2. Classification Images that Reveal Visual Facial Information Significantly Correlated with Correct Identification of Fear (A) and
Happiness (B). For an illustrative purpose, the classification imageswere overlaidwith faces decomposed at each spatial frequency indicated
by the numbers above the images. The areas in red indicate facial features that healthy controls utilized significantly to identity fear (A) and
happy (B). The areas in green show facial features that schizophrenia patients made use of to identity fear (A) and happy (B). The areas in
yellow indicate facial features that both healthy controls and schizophrenia patients used.
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frequency (scale 1) and the mouth and the eyes at mid-
range spatial frequencies (scale 2 and 3; areas in green
on the second row).
Figure 2 suggests that schizophrenia patients used an

atypical strategy to collect visual information from the
eyes and mouth regions, compared with healthy controls.
We further examined the data by spatial frequency to de-
termine whether patients used a distinctly different strat-
egy to collect visual information from these facial regions
of interests (ROIs; eyes and mouth). We extracted max-
imum z values from these ROIs for each emotional expres-

sion at each spatial scale (i.e., scales 1–4; see table 2) and
performed a repeated-measures analysis of variance with
emotion as a within-subject factor and group as a be-
tween-subject factor for each ROI for each spatial scale
separately. For spatial scale 1 (highest spatial frequency),
there was a significant emotion by group interaction for the
eye region (F1,35= 9.99,P< .01). Post hoc analyses revealed
a significant group difference for fear identification (P <
.05), with controls utilizing the eye region more than
patients. There was a nonsignificant difference in the op-
posite direction (controls < patients) for happy faces
(P = .14). For the mouth region at spatial scale 1,
a main effect of emotion was significant (F1,35 = 8.787,
P < .001), indicating that both groups showed higher uti-
lization of the mouth to identify happiness. For spatial
scale 2, neither ROI showed a significant effect. For spatial
scale 3, there were no significant effects for the eyes. How-
ever, there was a main effect of emotion (F1,35 = 9.651, P<
.01) and an emotion by group interaction (F1,35 = 4.365,
P < .05) for the mouth. Controls depended heavily on
the mouth for fear but relatively little for happiness; pa-
tients utilized themouth about the same for both emotions.
For spatial scale 4, there were no significant effects for the
eyes. Amain effect of emotion was significant (F1,35 = 4.62,
P< .05) for the mouth, indicating that both groups utilized
this region more for fear than happy expressions.

Discussion

Determining how schizophrenia patients visually decode
emotional content from faces is crucial to understanding
the nature of impaired emotion perception in schizophre-
nia. With the Bubbles procedure, we examined how
schizophrenia patients employ visual information to
judge emotional expression of faces. The amount of vi-
sual information revealed by the bubbles across trials
was adjusted to maintain 75% accuracy for each partic-
ipant, so that schizophrenia patients and healthy controls
were matched in behavioral performance.
To correctly identify emotional expressions of faces in

general, schizophrenia patients requiredmore visual infor-
mation compared with controls. Moreover, schizophrenia
patients used a different strategy of collecting visual infor-
mation to identify emotional expression. For identifying
fearful emotion, schizophrenia patients did not utilize in-
formation from the eyes but instead relied on areas around
themouth, whereas healthy controls relied on eyes at high-
spatial frequency and areas around the mouth at mid-spa-
tial frequencies. To identify happiness, schizophrenia
patients relied on the area around the mouth at high-
and mid-range spatial frequencies and the eyes at mid-
range spatial frequency, whereas healthy controls only
used mid-range spatial frequency information around
the mouth. This study is the first, to our knowledge, to
identify potent information that is used to make decisions
about emotional content of facial stimuli in schizophrenia.

Fig. 3. Images thatSummedPotentVisual InformationacrossSpatial
Frequencies for Correct Identification of Emotional Expressions:
(A) fear in healthy controls, (B) fear in schizophrenia patients, (C)
happy in healthy controls, and (D) happy in schizophrenia patients.

Table 2. Maximum z Values from Eyes and Mouth Regions

Controls Patients

Scale 1 Fear Eye 2.71 (0.57) 2.12 (0.80)
Mouth 2.06 (0.72) 2.06 (0.83)

Happy Eye 2.18 (0.51) 2.52 (0.59)
Mouth 2.33 (0.73) 2.86 (0.75)

Scale 2 Fear Eye 2.69 (0.72) 2.18 (0.62)
Mouth 2.44 (0.70) 2.54 (0.76)

Happy Eye 2.48 (0.68) 2.49 (0.46)
Mouth 2.73 (0.83) 2.59 (0.76)

Scale 3 Fear Eye 2.19 (0.49) 2.23 (0.52)
Mouth 2.71 (0.67) 2.30 (0.57)

Happy Eye 2.09 (0.55) 2.09 (0.64)
Mouth 1.97 (0.52) 2.16 (0.52)

Scale 4 Fear Eye 2.32 (0.59) 1.91 (0.58)
Mouth 2.05 (0.58) 2.01 (0.54)

Happy Eye 1.82 (0.70) 1.83 (0.54)
Mouth 1.48 (0.40) 1.99 (0.81)

Note: Values are given as mean (SD).
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Using the Bubbles technique, this study recreated the
information that patients used to discriminate emotional
expressions. Not only did schizophrenia patients use dif-
ferent facial features but they also utilized different spa-
tial frequencies. Especially this study presented spatial
frequency information across all spatial frequency bands
simultaneously instead of one spatial frequency band-
width at a time. In this sense, the current study differs
from previous studies that manipulated spatial frequency
information in schizophrenia.36 By presenting all spatial
frequency bandwidths simultaneously, this study was
able to identify which spatial frequency information is
more critical at what facial regions. Schizophrenia
patients showed an atypical usage of visual information,
and this atypical strategy was more prominent in high-
spatial frequency bandwidth. Previous studies on face
processing suggested that schizophrenia patients have
more difficulty processing configural facial information
than featural face information.37,38 Considering the
role of high-spatial frequency information in featural
face processing,19,20 the current finding demonstrates
that schizophrenia have abnormal featural processing
when judging emotional expression of faces.

One major distinction between schizophrenia patients
and controls is the usage of high-spatial frequency infor-
mation from the eye regions. Schizophrenia patients did
not use high-spatial frequency information from the eyes
to identify fearful emotion, whereas this information was
critical for controls. When processing fearful faces,
healthy individuals tend to activate the amygdala, an ef-
fect that is associated with viewing the eye regions, as op-
posed to other parts of the face.39,40 A previous report
that used the Bubbles technique showed that a patient
with an amygdala lesion used less of the eye regions at
high-spatial frequency when recognizing fear.41 Among
schizophrenia patients, studies using functional magnetic
resonance imaging found reduced activation associated
with processing fearful faces in the amygdala.42,43 Our
finding of reduced use of high-spatial frequency informa-
tion around the eyes may be related to the reduced acti-
vation of the amygdala to fear in schizophrenia patients.
Patients with autism also show an atypical strategy of us-
ing visual information to recognize fearful faces, which is
similar to what is seen in schizophrenia patients. In those
studies,44,45 autistic patients (as well as their unaffected
parents) relied less on the eye areas and more on the
mouth areas when judging fear. Furthermore, the parents
who used this atypical search strategy to a greater extent
were also more likely to be socially aloof, a personality
characteristic related to autism.45 Future studies with
larger samples will be able to determine whether this ab-
errant strategy is associated with other characteristics of
schizophrenia patients.

Restricted visual scanning of emotional faces has been
previously suggested as a possiblemechanism of impaired
emotional recognition in schizophrenia patients.6,46 In

general, visual scanning measured through eye move-
ments (i.e., visual scan paths) provides useful information
about where on the face, and for how long, people look
when judging emotions. However, these studies do not
inform us how schizophrenia patients use visual informa-
tion. Knowing where someone is looking does not tell us
how he/she uses visual information. In contrast, with the
Bubbles technique, this study showed which parts of
facial features or what levels of spatial frequency were
critical to make decisions about emotional expression
of faces. Hence, this study provides information that is
not available from studies using visual scan paths.
On the surface, the current study resembles previous

studies on visual integration of schizophrenia patients.47

For example, both perceptual closure tests of visual inte-
gration and the Bubbles task include partially obscured
stimuli. However, it is difficult to make any inference
about visual integration from the current study because
it is possible that participants were making decisions by
using specific visual cues that do not require integration
(e.g., making a decision based on the amount of white
above the iris) instead of mentally filling in the rest of
faces from bubbles (i.e., visual integration).
Fearful and happy faces were selected because they

have been shown to be associated with the most distinct
use of facial visual information.21 Because we only used 2
emotions; however, it is unclear if patients made their
decisions based on the presence of the critical features
of one emotion or the absence of the critical features
of the other emotion. It is possible that this finding char-
acterizes how patients differentiate fear from happy in-
stead of how they recognize each emotion in isolation.
Thus, it remains to be tested whether schizophrenia
patients would show a similar use of visual information
when asked to recognize fear and happiness among more
alternatives. Reassuringly, healthy controls in this study
showed the same search strategies for fear and happy that
were found when people were asked to identify the 6 basic
emotions plus neutral faces.21 Another limitation of this
study is that we did not collect the stimulus presentation
time during the Bubbles task. It remains to be determined
whether schizophrenia patients need longer stimulus pre-
sentation time to collect necessary visual information.
In summary, we found that compared with controls

schizophrenia patients collected different spatial fre-
quency information from different facial regions when
judging emotional expression of faces. The atypical usage
of visual information in schizophrenia patients suggests
an abnormal processing of featural facial information.
This study helps us to better understand the underlying
mechanism of impaired recognition of emotional expres-
sion in schizophrenia.
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