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People with schizophrenia (SCZ) are impaired in several domains of visual process-
ing, including the discrimination and detection of biological motion. However, the
mechanisms underlying SCZ-related biological motion processing deficits are unknown.
Moreover, whether these impairments are specific to biological motion or represent a
more widespread visual motion processing deficit is unclear. In the current study, three
experiments were conducted to investigate the contribution of global coherent motion
processing to biological motion perception among patients with SCZ. In Experiments 1 and
2, participants with SCZ (n = 33) and healthy controls (n = 33) were asked to discriminate
the direction of motion from upright and inverted point-light walkers in the presence and
absence of a noise mask. Additionally, participants discriminated the direction of non-
biological global coherent motion. In Experiment 3, participants discriminated the direction
of motion from upright scrambled walkers (which contained only local motion information)
and upright random position walkers (which contained only global form information).
Consistent with previous research, results from Experiment 1 and 2 showed that people
with SCZ exhibited deficits in the direction discrimination of point-light walkers; however,
this impairment was accounted for by decreased performance in the coherent motion
control task. Furthermore, results from Experiment 3 demonstrated similar performance
in the discrimination of scrambled and random position point-light walkers.
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INTRODUCTION
Since Johansson (1973) first introduced point-light walkers as an
experimental tool for examining the perception of human motion,
many studies have demonstrated the sensitivity of the human
visual system with respect to detecting and perceiving biologi-
cal motion. For example, healthy individuals are able to recognize
human actions from point-light stimuli following short presenta-
tion durations (e.g., 200 ms; Johansson, 1973), under conditions
of additional dynamic noise (Bertenthal and Pinto, 1994), and
when the number of illuminated joint markers has been substan-
tially reduced (Johansson, 1973). Furthermore, infants as young as
3 months old are able to discriminate upright point-light walkers
from inverted walkers (Bertenthal et al., 1984). Dynamic biological
motion has also been shown to convey relevant social informa-
tion, such as cues regarding a person’s affect (Atkinson etal,
2004), sex (Barclay etal., 1978; Pollick etal., 2005), intention to
deceive (Runeson and Frykholm, 1983), and identity (Cutting and
Kozlowski, 1977; Loula etal., 2005). As a result, biological motion
can convey information not only about the perceptual character-
istics (e.g., size and shape) of a walker, but also higher-order social
information regarding a walker’s intentions and emotional states.
Individuals with schizophrenia (SCZ) exhibit deficits in several
aspects of visual motion processing including speed discrimina-
tion (Chen etal., 1999; Clementz etal., 2007) and the perception
of coherent global motion (Stuve etal., 1997; Chen etal., 2003).
Furthermore, this population exhibits deficits in their ability to

recognize and interpret social stimuli (Bigelow etal., 2006; Baas
etal., 2008) or detect emotions from affective facial expressions
(Edwards etal., 2001; Kohler etal., 2003; Johnston etal., 2006;
Monkul etal., 2007). Given known deficits in both motion pro-
cessing and social cognition, it has been suggested that people
with SCZ also may be impaired on tasks of biological motion
processing, and that such deficits may contribute to the above-
noted social deficits. Indeed, several studies that have examined
biological motion perception in SCZ suggest that these patients
are impaired on biological motion processing tasks. Kim etal.
(2005) demonstrated that people with SCZ show a deficit in
recognizing biological motion activities compared to biological
scrambled motion sequences. Moreover, people with SCZ per-
formed similarly when completing a static global form detection
task, suggesting that the observed group difference in the bio-
logical motion task was not due to a general performance deficit
in SCZ patients. Additionally, Kim etal. (2011) found that peo-
ple with SCZ were less able to detect and discriminate biological
motion on tasks that included a noise mask and the perturbation
of kinematic information, respectively.

Despite evidence suggesting that SCZ patients have greater dif-
ficulty detecting and discriminating biological motion, itis unclear
whether these deficits are specific to biological motion per se or
represent a more general deficit in perceiving global motion. Chen
etal. (2003) measured direction discrimination thresholds using a
sine wave grating, a task that requires only local motion processing,
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and random dot kinematograms, which requires global motion
processing. Chen et al. (2003 ) found that SCZ patients had elevated
direction discrimination thresholds only in the task that used
random dot stimuli, which suggests that processing of global,
but not local, motion is impaired in SCZ patients. Point-light
walker stimuli contain both local and global cues: the trajectory
of each dot constituting a point-light walker conveys informa-
tion about the motion of a particular part of the human figure
(e.g., the feet, the elbows, etc.), and grouping these local elements
creates a holistic perception of the walker’s global form (e.g., a
whole body). Moreover, previous research suggests that both local
(Mather etal., 1992; Troje and Westhoff, 2006) and global pro-
cesses (Bertenthal and Pinto, 1994; Beintema and Lappe, 2002;
Pilz etal., 2010) contribute to the perception of point-light walk-
ers. Hence, the results of Chen etal. (2003) raise the possibility
that at least some of the SCZ-related deficit in biological motion
tasks reflects a general deficit in global motion processing. Accord-
ing to this hypothesis, the effect of SCZ on the perception of
biological motion should be diminished or eliminated once the
general effect of SCZ on global motion processing is taken into
account. The current experiments examine this hypothesis. To
our knowledge, previous studies investigating biological motion
processing in SCZ have not used control tasks that could esti-
mate deficits in global, non-biological motion processing. For
example, Kim etal. (2005) used a control task that measured the
ability of participants to group stationary lines into a larger global
form. Although this task considered the grouping of visual ele-
ments into a Gestalt, the use of static stimuli means that it does
not provide an appropriate control for examining global motion
deficits.

To investigate the contribution of global motion to biolog-
ical motion perception, three experiments were completed in
which participants were asked to discriminate the direction of
motion from point-light walkers. In Experiment 1, we mea-
sured direction discrimination thresholds for upright and inverted
point-light walkers embedded in a dynamic noise mask. Impor-
tantly, direction discrimination thresholds also were measured for
non-biological global motion, consisting of coherently translating
dots, embedded in a dynamic noise mask. To determine if the
results of obtained in Experiment 1 generalize to supra-threshold
conditions, Experiment 2 measured response accuracy in a direc-
tion discrimination task that used stimuli similar to those used in
Experiment 1 but which did not contain dynamic noise. Finally,
Experiment 3 investigated the contribution of local and global
mechanisms to biological motion among participants with SCZ
by using point-light walkers that contained only local motion
information (scrambled point-light walkers) or global motion
information (random position point-light walkers).

GENERAL MATERIALS AND METHODS

PARTICIPANTS

Thirty-three people with SCZ (5 female, 28 males) and 33 healthy
controls (18 females, 15 males) participated in all experiments.
All participants had normal or corrected-to-normal visual acu-
ity, as ascertained using a standard Snellen chart, and reported
an absence of lifetime neurological illness, brain injury, learn-
ing disability, current or past substance dependence, or medical

conditions that could affect cognitive performance (e.g., coronary
heart disease, type 1 diabetes).

All patients met criteria for SCZ (21 patients) or schizoaffective
disorder (12 patients), as confirmed by the Mini International
Neuropsychiatric Interview (M.LN.L; Sheehan etal., 1998), but
did not meet criteria for any other Axis 1 disorder. Patients
with SCZ were outpatients, medication-stable for at least the
past 6 months, and were prescribed either typical (5 patients)
or atypical antipsychotics (28 patients). Healthy control partici-
pants did not meet criteria for any Axis 1 disorder and were also
excluded if they reported having a first-degree relative with a SCZ-
spectrum illness. Estimates of Full Scale Intelligence Quotient
(FSIQ) were obtained by prorating performance on the Matrix
Reasoning and Information subtests from the Wechsler Adult
Intelligence Scale, 3rd Edition (Wechsler, 1997). General cognitive
functioning was assessed via the Repeatable Battery for the Assess-
ment of Neuropsychological Status (Randolph, 1998). Patients
with SCZ were also administered the Positive and Negative Syn-
drome Scale (PANSS; Kay etal., 1987) to assess current symptom
status. In addition, both patients and controls were administered
select scales from the Personality Assessment Inventory (PAI),
including the Depression (Dep), Alcohol Problems (Alc), Drug
Problems (Drg), Positive Impression Management (PIM), and
Negative Impression Management (NIM) scales (Morey, 1991).
Both groups were age-matched, but healthy controls had achieved
significantly higher years of education. Regarding neuropsy-
chological measures, significant differences were found across
WAIS-IIIT FSIQ and all RBANS indices. Although participants with
SCZ also had significantly elevated scores on the PAI-Drg and PAI-
Dep subscales compared to healthy controls, no single participant
scored in a range suggesting significant clinical problems in these
domains (i.e., T > 70). Moreover, no participant evidenced delib-
erate distortion of their responses across both validity scales (i.e.,
PIM and NIM). Table 1 provides information characterizing the
study participants. Ethics approval for the study was obtained by
the St. Joseph’s Healthcare Hamilton Research Ethics Board. All
participants provided written, voluntary consent to participate
and received $10/hour for their participation. Each participant
was tested in all three experiments. The order of the experiments
was counterbalanced across participants.

APPARATUS AND STIMULI

All experimental tasks were programmed and presented using
a Macbook Pro laptop computer with MATLAB and the Psy-
chophysics and Video ToolBox extensions (Brainard, 1997; Pelli,
1997). Stimuli were presented on a 19-in monitor with a resolution
of 1024 x 864 pixels and a refresh rate of 60 Hz.

PROCEDURE

In each experiment, participants were seated in a darkened room
and viewed the stimuli at a distance of 60 cm with their heads stabi-
lized by a chin rest. On each trial, the direction of motion was either
toward the left or the right, and participants were asked to identify
the direction of motion displayed by the stimulus by pressing a
key on a standard QWERTY computer keyboard [i.e., “a” key (left)
and “I” key (right)]. Stimulus durations were intermixed randomly
across trials. Prior to the experiments, participants performed 10
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Table 1 | Means (SD) for demographic, neuropsychological, and
clinical characteristics of the sample.

Variable Healthy controls Scz

n=33 n=33
Demographic
Age (years) 38.76 (11.01) 42.78 (8.11)
Education (years) 15.24 (2.17) 13.00 (2.02)*
Neuropsychological
Estimated FSIQ 111.42 (13.72) 9744 (16.43)*
RBANS 102.15 (16.14) 78.69(13.55)*
Clinical
PAI-Alc 46.36 (3.13) 49.50 (12.10)
PAI-Drg 50.18 (9.19) 56.47 (14.22)*
PAI-Dep 46.24 (7.24) 58.84 (13.27)*
PAI-PIM 53.76 (9.91) 52.72 (11.69)
PAI-NIM 45.58 (8.60) 51.19 (16.16)
PANSS-Pos - 40.62 (4.23)
PANSS-Neg - 42.34 (10.12)

*Indicates a significant difference between healthy controls and people with SCZ.
FSIQ, Full Scale Intelligence Quotient; RBANS, Repeatable Battery for the Assess-
ment of Neuropsychological Status; PAI, Personality Assessment Inventory;
PANSS, Positive and Negative Syndrome Scale.

practice trials for each stimulus type to familiarize themselves with
the stimuli.

Experiment 1

Methods. Experiment 1 used upright and inverted point-light
walkers, in addition to the non-biological motion control task.
The stimulus used in the control task consisted of 11 dots that
moved coherently to the left or right at a speed of 7°/s. Point-
light walker stimuli were generated using a modified version
of Cutting’s classic point-light walker algorithm (Cutting, 1978;
Thornton etal., 1998). The walkers consisted of 11 dots (2 x 2

pixels) that simulated points on the head, shoulder, elbows, wrists,
hip, knees, and ankles. The starting position of the stride cycle
was chosen randomly on every trial, which prevented participants
from recognizing the walker simply from the starting point or
from a specific frame. The walker, which subtended 1.9 x 4.2°,
did not move across the screen, but rather appeared to walk in
place, as if on a treadmill. Inverted walkers were rotated by 180°
so that they appeared to be walking on the ceiling. The walker
stimuli consisted of 5, 15, 30, or 45 frames presented at 25 frames
per second, resulting in a total presentation times of 0.2, 0.6, 1.2,
and 1.8 s, respectively. These specific durations were chosen based
on previous research suggesting that durations shorter than 0.2 s
are insufficient for direction discrimination whereas increasing
duration beyond 1.8 s does not improve performance (Pilz etal.,
2010). One complete gait cycle was achieved after 40 frames, or
1.6 s.

All stimuli were occluded with a dynamic noise mask com-
posed of an array of dots whose positions varied randomly on
each stimulus frame. The point-light walkers, the dynamic noise
mask, and the control stimulus, were all constructed with dots that
were identical in size and contrast. All stimuli were presented on a
black background and were centered on the middle of the screen.
Dot luminance was 67.4 cd/m? and the background luminance was
less than 1 cd/m?. Trials in the conditions using upright walkers,
inverted walkers, and drifting dots were randomly intermixed.

Direction discrimination thresholds were estimated by varying
the number of dots presented in the dynamic noise mask using a
3-up/1-down staircase procedure. Note that the staircase increased
the number of mask dots (i.e., reduced the signal-to-noise ratio)
after three consecutive correct responses, and decreased the num-
ber of mask dots (i.e., increased the signal-to-noise ratio) after
one incorrect response. The staircase converged on the number
of mask dots needed to produce 79% correct responses, which in
this task corresponds to a d” of 1.14. Thresholds for each stimulus
duration were estimated by averaging the last 10 reversals.

Results. Direction discrimination thresholds are shown in
Figure 1. Because thresholds are expressed in terms of the number
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FIGURE 1 | Direction discrimination noise threshold for SCZ and healthy
controls in the three conditions and across all durations. Threshold is
expressed as the number of dots in a dynamic noise mask; the point-light
walker consisted of 11 dots. Both groups showed better performance in
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the dots condition compared to upright and inverted point-light walkers.
Both groups also showed better performance in the upright condition
compared to the inverted condition. No interactions were

found.
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of mask dots that are required to produce 79% correct responses,
higher values correspond to better performance.

Aninitial 2 (group) x 3 (stimulus type) x 4 (stimulus duration)
Analysis of Variance (ANOVA) was conducted on resulting thresh-
olds. The ANOVA revealed a significant main effect of group
(F(1,64) =4.89, p=0.031), where participants with SCZ required
fewer noise dots to reach threshold compared to healthy controls
across all walker types and stimulus durations. A significant main
effect of stimulus type was also observed (F(2, 128) = 34.85,
p < 0.001) where both groups of participants demonstrated bet-
ter performance in the coherent motion task compared to the
upright (#(263) =9.17, p < 0.001) and inverted point-light walker
(1(263) = 11.42, p < 0.001) conditions. Bonferroni adjusted
paired t-tests also revealed that participants performed signifi-
cantly more accurately in the upright condition compared to the
inverted condition (#(263) = 3.41, p < 0.001). A significant main
effect of stimulus duration was also revealed: participants required
fewer noise dots to reach threshold at 0.2 s duration, followed by
0.8, 1.2, and 1.6 s duration, respectively. All Bonferroni adjusted
t-tests were significant (p < 0.05). No significant interactions were
observed.

Results from the initial analysis suggest that people with
SCZ have deficits in discriminating the direction of both bio-
logical motion and coherent non-biological motion. Impor-
tantly, the group x stimulus type interaction was not significant
(F(2, 128) = 0.79, p = 0.45), which suggests that the difference
between groups did not depend on the type of stimulus. Hence,
the SCZ-related deficit in discriminating the direction of biologi-
cal motion (i.e., point-light walkers) was no bigger than the deficit
in discriminating non-biological motion (i.e., drifting dots). We
therefore examined whether group differences in the upright and
inverted walker conditions could be accounted for by performance
in the control condition. First, we confirmed that the group differ-
ence in the upright and inverted walker conditions was significant:
a2 (group) x 2 (walker orientation) x 4 (stimulus duration) con-
dition revealed significant main effects of group (F(1, 64) = 5.42,
p = 0.023), walker orientation (F(1, 64) = 26.17, p < 0.001), and
duration (F(3, 192) = 40.28, p < 0.001). The group x walker
orientation interaction (F(1, 64) = 1.71, p = 0.19) was not signifi-
cant, nor were any of the other interactions (in each case, F < 1.19,
p > 0.31). To investigate whether group differences in biologi-
cal motion discrimination can be accounted for by differences in
global coherent motion discrimination, thresholds in the upright
and inverted walker conditions were submitted to a 2 (group) x 2
(walker orientation) x 2 (stimulus duration) Analysis of Covari-
ance (ANCOVA), where discrimination threshold in the control
condition served as the covariate. In this analysis, the covariate was
calculated by averaging thresholds in the control condition across
stimulus duration, because a preliminary ANOVA on thresholds
in the control condition failed to reveal a reliable group x stimu-
lus duration interaction, (F(3, 192) = 2.10, p = 0.100), suggesting
that group differences in the control condition did not vary as a
function of stimulus duration. The ANCOVA revealed a significant
effect of the covariate (F(1,63) = 34.68, p < 0.001), and significant
main effects of walker orientation (F(1, 63) = 25.91, p < 0.001)
and stimulus duration (F(3, 192) = 23.41, p < 0.001). Impor-
tantly, the main effect of group was not significant (F(1,63) = 1.92,

p=10.171), nor were any of the interactions. These results suggest
thresholds in the upright and inverted walker conditions do not
differ between groups, once threshold in the control condition is
taken into account.

Experiment 2

Consistent with previous reports (Kim etal., 2005, 2011), Experi-
ment 1 found that people with SCZ exhibit deficits in the direction
discrimination of biological motion. However, Experiment 1 also
found that the group difference was not significant once threshold
in a control task, which used non-biological global motion, was
taken into account. This result suggests that deficits observed in the
direction discrimination of point-light walkers among SCZ par-
ticipants were not specific to biological motion but instead may
represent more a more widespread processing deficit for global
visual motion.

Experiment 1 measured direction discrimination thresholds,
which means that our stimuli were presented at low signal-to-
noise ratios. However, biological motion stimuli are presented
at very high signal-to-noise ratios in many naturalistic contexts.
Do SCZ patients exhibit biological motion processing deficits in
such situations? Previous studies suggest that such deficits do exist:
Kim etal. (2005), for example, used high signal-to-noise stimuli
in a biological motion detection task and found that sensitivity in
SCZ patients (d” = 2.2) was significantly lower than sensitivity in
control participants (d” = 2.8). Also, Spencer etal. (2013) found
that response accuracy in an emotion discrimination task using
unmasked, high signal-to-noise ratio point-light walkers was sig-
nificantly lower in SCZ patients than control subjects. However,
neither one of these studies examined whether the SCZ-related
deficits could be accounted for by deficits in non-biological, global
motion processing. Therefore, Experiment 2 examined this ques-
tion by having participants perform the same tasks as Experiment
1, but without the dynamic noise mask.

Methods. Experiment 2 used identical stimuli to those presented
in Experiment 1, but with the dynamic noise mask removed.

Results. The dependant variable, proportion of correct
responses, was not normally distributed; therefore, statistical
analyses were performed on the arcsine-transformed data. First,
transformed data were submitted to a 2 (group) x 3 (stimulus
type) x 4 (stimulus duration) ANOVA. Results of this analy-
sis revealed a significant main effect of group (F(1, 65) = 4.47,
p = 0.038) where people with SCZ demonstrated reduced accu-
racy across all conditions and stimulus durations (Figure 2).
A significant main effect of stimulus type was also observed
(F(2, 130) = 9.19, p < 0.001) where both groups of participants
performed more accurately in the coherent motion task com-
pared to the inverted point-light walker condition (#(267) = 2.23,
p=10.026). Bonferroni corrected pairwise ¢-tests did not reveal sig-
nificant differences between the other conditions. A main effect of
stimulus duration was also revealed (F(3,195) = 5.88, p < 0.001).
Subsequent Bonferroni corrected t-tests revealed that significant
differences were only found in the stimulus duration of 0.2 s
(p < 0.05). Comparisons between 0.6, 1.2, and 1.8 s were not
significantly different. The group x stimulus type interaction
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FIGURE 2 | Response accuracy from Experiment 2. Both groups showed better performance in the dots condition compared to upright and inverted
point-light walkers. Both groups also showed better performance in the upright condition compared to the inverted condition. No interactions were found.

(F(2, 130) = 0.8, p = 0.45) was not significant, nor were any
of the other interactions (F < 1.54, p > 0.20 in each case).

As in Experiment 1, we next conducted analyses to deter-
mine if the group differences in the upright and inverted walker
conditions could be accounted for by differences in the con-
trol condition. First, we confirmed that the group difference
was significant in the two walker conditions: a 2 (group) x 2
(walker orientation) x 4 (stimulus duration) ANOVA revealed
significant main effects of walker orientation (F(1, 65) = 4.51,
p = 0.037) and stimulus duration (F(3, 195) = 3.93, p = 0.01),
and a significant walker orientation x stimulus duration inter-
action (F(3, 195) = 2.72, p = 0.046). The main effect of group
approached significance (F(1, 65) = 3.75, p = 0.057), although a
one-tailed test, which is appropriate for the prediction that accu-
racy is lower in the SCZ group, was significant (#(65) = 1.94,
p = 0.028). Next, we analyzed the results in the control con-
dition using a 2 (group) x 4 (stimulus duration) ANOVA: the
main effect of group was significant (F(1, 65) = 5.69, p = 0.02)
but the group x duration interaction was not (F(3, 192) = 1.83,
p = 0.143), suggesting that the group difference did not vary as a
function of stimulus duration. We therefore averaged performance
across stimulus durations and used the resulting value as a covari-
ateina2 (group) x 2 (walker orientation) x 4 (stimulus duration)
ANCOVA. The ANCOVA revealed a significant effect of the covari-
ate (F(1, 64) = 495.07, p < 0.001), significant main effects of both
walker orientation (F(1, 64) = 4.47, p < 0.038) and stimulus
duration (F(3, 192) = 3.99, p < 0.009), and a significant walker
orientation x stimulus duration interaction (F(3, 189) = 2.70,
p = 0.046). However, the main effect of group (F(1, 64) = 0.075,
p = 0.389) was not significant, nor were any of the remaining
interactions (F < 1.87, p > 0.13 in all cases). These results suggest
that healthy controls and patients with SCZ perform similarly in
the direction discrimination of supra-threshold biological motion
stimuli once differences in coherent global motion are taken into
account.

Experiment 3
The results of Experiments 1 and 2 suggest that SCZ-related deficits
in the discrimination of the direction of point-light walkers is

not specific to biological motion, but instead can be accounted
for by more general global coherent motion processing deficits.
This result was the same across both experiments, indicating that
SCZ-related deficits in discriminating biological motion can be
accounted for by global coherent motion processing regardless of
signal-to-noise conditions.

To further investigate the contribution of global motion
processing to biological motion discrimination, Experiment 3
compared SCZ and control group direction discrimination of
scrambled and random position point-light walkers. In the scram-
bled condition, the trajectory of each local dot was maintained,
but the initial dot positions were shifted randomly along the x and
y-axes of the display, resulting in a point-light walker with intact
local motion information but distorted global form (e.g., Thorn-
ton etal., 1998; Troje and Westhoff, 2006; Pilz et al., 2010). In the
random position condition, each dot was shifted randomly between
two adjacent joints across successive frames (e.g., Beintema and
Lappe, 2002; Pilz etal., 2010), resulting in disrupted local trajec-
tories of individual dots but preserved global form of a walker.
A recent study by Pilz etal. (2010) using similar stimuli showed
that among both younger and older adults, the removal of global
elements from point-light walkers (i.e., scrambled point-light
walkers) resulted in significantly reduced direction discrimina-
tion. Conversely, the removal of local motion information (i.e.,
random position point-light walkers) had little impact on perfor-
mance. Given the results from Experiments 1 and 2 suggesting
that SCZ-related deficits in biological motion discrimination can
be accounted for by general deficits in global coherent motion
processing, it was hypothesized that SCZ patients would be neg-
atively impacted by the removal of global form information
but undeterred by the removal of information regarding local
position.

Methods. In Experiment 3, healthy controls and patients with
SCZ discriminated the direction of upright, scrambled, and ran-
dom position point-light walkers. As in the previous experiments,
stimuli were presented in four durations (0.2, 0.8, 1.2, and 1.6 s),
which were randomized on every trial. Participants completed 20
trials for each type of walker at each stimulus duration, resulting
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duration in Figure 3. A 2 (group) x 3 (stimulus type) x 4 (dura- g S
tion) ANOVA on arcsine-transformed data revealed a significant g
main effect of group (F(1,64) = 7.17, p = 0.009), where people O © |
with SCZ were less accurate overall compared to healthy controls. s ©
The ANOVA also found a significant main effect of stimulus type "‘CE> <
(F(2,128) = 1002.03, p < 0.001), such that response accuracy in S o 7
both groups was greater in the upright and random position con- a
ditions compared to the scrambled condition. No other significant o
main effects or interactions were observed. ©
Because accuracy did not vary with stimulus duration, we °
averaged accuracy across stimulus duration for each participant. S T
The mean of the averaged accuracy is plotted as a function of .
. gec ac y 18 por Upright Scrambled Random
group and stimulus type in Figure 4, which illustrates that accu-
racy in both groups of participants was quite high in the upright Condition
and random walker conditions and near chance in the scrambled ° °
wallfer CondltIOI,l' Hence’,ma}mpulatlo{l of local a,nd global infor- FIGURE 4 | Response accuracy averaged across stimulus durations
mation had qualitatively similar effects in SCZ patients and healthy in three conditions in Experiment 3. Both SCZ and healthy controls
controls. performed significantly worse in the scrambled condition compared to the
However, Figure 4 also highlights the existence of ceiling upright and random position conditions. Results shown are collapsed
. . . across all stimulus durations.
effects in the upright and random walker conditions and a pos-

sible floor effect in the scrambled condition. These ceiling and
floor effects would make it difficult for an ANOVA to find group
differences in performance, and therefore we analyzed the data
in another way. Following an approach previously suggested by
Kim etal. (2011), first, we compared the proportion of partici-
pants in each group whose accuracy in each of the upright and
random conditions was less than 1.0, and whose accuracy in
the scrambled condition was significantly greater than chance
(i.e., accuracy >0.587, p < 0.05, one-tailed). In each condi-
tion, the proportions of participants in the SCZ and control
groups did not differ (see Table 2). Next, we used t-tests to
compare the mean response accuracy for participants in each
group who had an accuracy less than 1.0 in the upright and
random walker conditions and above chance in the scrambled
condition: for these subsets of participants, accuracies in the SCZ

group and the control group differed in the upright and random
walker conditions, but not the scrambled walker condition (see
Table 3).

Taken together, our analyses suggest that there was a small
group difference in response accuracy in the upright and random
conditions, but not in the scrambled condition. However, the pri-
mary finding was that manipulations of local motion information
and global form had similar effects on direction discrimination in
both groups.

GENERAL DISCUSSION

The present study examined the effects of SCZ on the percep-
tion of biological motion. Consistent with previous reports (Kim
etal., 2005, 2011), Experiments 1 and 2 found that SCZ patients
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Table 2 | Proportion of participants in Experiment 3 with response
accuracies that were less than 1.0 in the upright and random walker
conditions and greater than chance in the scrambled walker
condition.

SCcz Controls Chi- P
square
Upright 17/33 = 0.51 16/33 = 0.49 0 0.99
Scrambled 6/33=0.18 13/33 = 0.39 2.66 0.10
Random 22/33 = 0.67 20/33 = 0.61 0.065 0.79

Table 3 | Mean response accuracy of participants who had an accuracy
less than 1.0 in the upright and random conditions and greater than
chance in the scrambled condition.

SCz Controls t df p
Upright 0.898 0.982 2.568 31 0.02
Scrambled 0.606 0.613 0.62 17 0.54
Random 0.888 0.966 2.39 40 0.02

were worse than healthy control participants at discriminating the
direction of upright and inverted point-light walkers. However,
Experiments 1 and 2 also found that SCZ patients were worse
in a control task that required participants to discriminate the
direction of non-biological global motion (i.e., coherently drifting
dots). Furthermore, we found that group differences in conditions
that used point-light walkers were eliminated once performance
in the control task was taken into account. Taken together, the
results of Experiments 1 and 2 suggest that although people with
SCZ do exhibit deficits in the direction discrimination of point-
light walkers, this impairment is not specific to biological motion
per se but likely represents more general deficits in global motion
processing.

Experiment 3 also found evidence that SCZ patients were
slightly less accurate at discriminating the direction of standard
upright point-light walkers as well as random walkers that con-
tained the global form, but not the local motion cues. These results
suggest that patients with SCZ exhibit deficits utilizing global form
compared to healthy controls. Although no significant group dif-
ferences were found in the scrambled condition, it is more difficult
to speculate regarding local motion mechanisms, as most par-
ticipants in both groups were found to perform at chance level.
Additionally, results of Experiment 3 demonstrate that manip-
ulations of the global form and local motion information in
point-light walkers had similar effects on direction discrimina-
tion in both patients with SCZ and control participants: in both
groups, removing local motion cues (i.e., the random position
condition) had small effects on performance, but removing global
form cues (i.e., the scrambled condition) made discrimination
much more difficult. This result suggests that the relative influence
of global form and local motion cues on the perceived direction
of point-light walkers is similar in people with SCZ and healthy
controls. Despite these results, it is difficult to speak directly to the
nature of local and global mechanisms in this experiment given

the observed floor and ceiling effects (see Figure 4). The use of
a noise mask to remove performance from the floor and ceiling
would be helpful to examine specific contributions of local and
global mechanisms to biological motion processing and repre-
sents an avenue of future study. Nevertheless, despite floor and
ceiling effects, results from Experiment 3 demonstrate that people
with SCZ performed similarly to that of healthy controls, in that
form information is important for the direction discrimination of
point-light walkers. Furthermore, these results are consistent with
Pilz etal. (2010), in which removing global form from point-light
walkers was shown to reduce performance in both younger and
older healthy adults. As a result, using the identical mechanism
to alter the point-light walker stimuli resulted in similar perfor-
mances among healthy controls and people with SCZ, suggesting
that the mechanisms used during this experiment were also likely
similar.

It is also important to note that the stimuli used in the cur-
rent study were generated using a modified version of Cutting’s
classic point-light walker algorithm. Although these stimuli have
been used repeatedly in previous studies, more recent research by
Saunders etal. (2009) has suggested that the Cutting point-light
walker algorithm lacks important visual information associated
with the local motion of dots representing the feet compared
to more naturalistic point-light walkers displays. Specifically,
Saunders etal. (2009) show that while detection performance of
Cutting and naturalistic point-light walkers was unchanged, par-
ticipants were better able to discriminate the direction of motion
from scrambled naturalistic point-light walkers compared to Cut-
ting point-light walkers. Given these results, future research should
utilize naturalistic point-light walkers to further examine deficits
in SCZ regarding biological motion perception.

Regarding additional limitations, all patients with SCZ who
took part in the current study were medicated, and we are unable
to comment as to whether the results observed in the study were
confounded by medication status. Additionally, analysis of sample
characteristics revealed that the patients in the study had a sig-
nificantly lower education level, as well as estimated intelligence
levels and general neuropsychological scores. The issue of how
to approach confounding group differences, however, is a com-
plicated one and a topic of active debate within SCZ research.
On the one hand, several characteristics that reliably distinguish
SCZ from healthy participants are indeed correlated with out-
comes of interest. In this situation, it is conventional to attempt
to equate between-group differences on the confounding variable
via linear covariate analyses. The popularity of these methods
notwithstanding, they have been criticized on both statistical and
conceptual grounds. In the case of the latter, Meehl (1970) has
argued that if the confounding variable is a valid reflection of a
pathological state (e.g., psychological symptoms), linear removal
of the shared variance will necessarily attenuate the between-group
variance of interest. Statistically, as Miller and Chapman (2001)
and others discuss, the use of ANCOVA to correct for factors
such as IQ is statistically dubious, as this analysis assumes that
the covariate and independent variable, such as diagnostic group,
are independent (Silverstein, 2008). As such, in psychopathologi-
cal research, these variables are often not independent, and using
ANCOVA to control for a covariate in psychopathology research
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removes meaningful variance from the independent variable of
interest. Consequently, in the absence of random assignment,
group membership is generally acknowledged to represent a broad
collection of symptoms and problems that denote the entirety of
a psychopathological category.

The perception of global coherent motion in random dot
patterns requires the visual system to represent the speed and
direction of individual dots and to integrate such information
across space and time. Chen etal. (2003) presented evidence that
processing of global, but not local, motion is impaired in SCZ,
which suggests that spatiotemporal integration of local motion
cues is deficient in SCZ patients. Given this apparent spatiotem-
poral motion integration deficit in patients with SCZ, and the fact
that biological motion processing involves the integration of both
local and global cues (Mather etal., 1992), it is not surprising that
SCZ-related deficits in biological motion processing have been
observed in previous studies (Kim etal., 2005, 2011). Deficits in
global motion processing also are consistent with an fMRI (func-
tional magnetic resonance imaging) study by Chen etal. (2008)
which found that SCZ patients had reduced activation in middle
temporal area (MT), a cortical area that has been implicated in
global motion processing (Maunsell and Newsome, 1987), dur-
ing tasks of coherent motion and speed discrimination, but not
during a task of contrast discrimination. Interestingly, Chen et al.
(2008) also found greater activation in prefrontal cortex during
motion tasks in SCZ patients than control participants, suggesting
that higher-order cognitive processes may be used by SCZ patients
as a compensatory mechanism for motion processing deficits.

However, not all studies have found differential activation of
MT in SCZ patients. Recently, Kim etal. (2011) reported that the
overall pattern of brain activity associated with the processing of
biological motion, but not activation in area MT, differs between
healthy controls and patients with SCZ. Kim etal. (2011) inter-
preted their results as showing that deficits observed in biological
motion among patients with SCZ were not solely attributable to
motion processing more generally. One explanation for the lack
of differential MT activity observed by Kim etal. (2011) is that
behavioral differences in biological motion may instead involve
mechanisms underlying the integration of spatial and temporal
motion cues. People with SCZ exhibit deficits in spatial (Doniger
etal., 2001, 2002) and temporal (Schwartz etal., 1983; Izawa and
Yamamoto, 2002) integration. For example, compared to healthy
controls, patients with SCZ are less able to spatially integrate

fragmented images into coherent objects (Doniger etal., 2001).
Furthermore, using event-related potential recordings, the inabil-
ity to integrate these fragments has been correlated positively with
dorsal stream processing in people with SCZ (Doniger et al., 2002),
which is consistent with a wealth of literature suggesting impaired
dorsal stream function in this population (Selemon etal., 1995;
Gur etal., 2000; King et al., 2008).

Many studies have also implicated cortical area STSp (posterior
superior temporal sulcus), a component of the dorsal stream net-
work, in the perception of biological motion (e.g., Bondra etal.,
1996; Grossman and Blake, 2001, 2002; Puce and Perrett, 2003).
However, there is some evidence that the activity of the STSp dif-
fers in SCZ patients. For example, Kim etal. (2011) used fMRI
to show that activation in STSp was higher when viewing bio-
logical motion than non-biological motion in healthy controls
but not SCZ patients. Given that the STSp is a component of
the dorsal stream network and also involved in the integration
of other sensory information (Barraclough etal., 2005) the lack
of STSp activity in response to biological motion among patients
with SCZ may reflect a general integration deficit regarding visual
elements. Furthermore, Giese and Poggio (2003) have argued that
STS plays an important role in integrating information from the
ventral and dorsal pathways into a single, coherent percept of
biological motion. Given proposed integration deficits in people
with SCZ, the differential activation of STSp reported by Kim et al.
(2011) may reflect a more general impairment in the integration
of visual elements.

In summary, the current experiments suggest that differences
between SCZ and healthy controls in the ability to discrimi-
nate the direction of point-light walkers can be accounted for
by SCZ-related deficits in the ability to perceive the direction of
non-biological motion, which may be caused by deficits in spa-
tial and/or temporal integration. However, in addition to having
a perceived direction of motion, point-light walkers also can con-
vey complex social information such as affect, intention, and
identity. It is entirely possible that SCZ patients have deficits in
perceiving this social information that cannot be accounted for by
differences in spatial and temporal integration of non-biological
motion. Given well-documented impaired social cognition among
persons with SCZ (Hooker and Park, 2002; Bigelow etal., 2006;
Monkul etal., 2007; Baas etal., 2008), it is important exam-
ine the perception of biological motion in its relation to social
cognition.
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