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Abstract Children with autism spectrum disorder (ASD)
show deficits in their ability to produce facial expressions. In
this study, a group of children with ASD and 1Q-matched,
typically developing (TD) children were trained to produce
“happy” and “angry” expressions with the FaceMaze
computer game. FaceMaze uses an automated computer
recognition system that analyzes the child’s facial expression
in real time. Before and after playing the Angry and Happy
versions of FaceMaze, children posed “happy” and “angry”
expressions. Naive raters judged the post-FaceMaze
“happy” and “angry” expressions of the ASD group as
higher in quality than their pre-FaceMaze productions.
Moreover, the post-game expressions of the ASD group were
rated as equal in quality as the expressions of the TD group.

Keywords Autism - Autism spectrum disorder - Facial
expression - Expression production - Intervention - Social
communication

Introduction

Facial expressions provide a window into an individual’s
private world by revealing information about a person’s
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momentary affective state. Whereas facial expressions help
initiate, modify and regulate patterns of social interaction
(Barbu et al. 2001; Boyatzis et al. 1993), they are also
subject to scrutiny in social situations (Ekman 1993; Izard
and Malatesta 1987; Fridlund 1994). As a consequence,
producing facial expressions that violate or are inconsistent
with social expectations, or are ambiguous or difficult to
interpret may hinder effective inter-personal communica-
tion. For example, if a friend receives a job promotion in
our place, we might feign an expression of joy and elation
to hide our true feelings of jealousy and disappointment
that would offend our companion.

During social interactions, a person’s internal emotion
and the display of the outward facial expression are not
always congruent. An emotion can be experienced inter-
nally without its externalization as a facial expression or
body gesture (Campos 1985; Camras et al. 1998; Hiatt
et al. 1979). Conversely, an externalized emotional display,
such as a facial expression, can be expressed in the pre-
sence of an incongruent emotion, such as in cases of
deception (Ekman and Friesen 1975; Ekman et al. 1991) or
sympathy (Miller and Eisenberg 1988). This dissociation
implies that facial expressions are not only the physiolog-
ical consequences of an internal emotional state (i.e.
spontaneous productions), but can also be a consciously
controlled social display that are monitored and manipu-
lated in order to meet external (social) demands (i.e. vol-
untary displays). Furthermore, unlike spontaneous facial
expressions that are produced automatically, voluntary
facial expressions are under a person’s conscious control
and can be initiated and regulated according to one’s goals
and intentions. In order to be produced efficiently, volun-
tary expressions rely on an individual’s “expression con-
cept”, that is, the individual’s internal representation of
that expression.
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Facial Expressions in Autism

Autism spectrum disorder (ASD) is a pervasive develop-
mental disorder typified by deficits in social interaction,
communication, and restricted or repetitive behaviours
(American Psychiatric Association 2000). One deficit in
social communication is flat (lack of) or disorganized
(ambiguous) facial expression production (Lord et al.
2000). Although Kanner (1943, 1968) first described the
lack of social and emotional responsiveness of children
with ASD, the social deficit in the perception and pro-
duction of facial expressions was not identified. Langdell
(1981) tested voluntary facial expression production of
children with ASD, and children with non-specific devel-
opmental disorders (i.e. pervasive developmental disor-
der—not otherwise specified, or PDDNOS). Children were
asked to produce happy and sad expressions while their
productions were photographed and rated by naive raters.
Findings showed that ASD children’s expressions were
rated lower in quality when compared to the expressions of
the PDDNOS children. In attempt to control for potential
linguistic confounds, a second experiment relying strictly
on non-verbal cuing was conducted, in which children were
told to mimic a model’s happy and sad facial expressions
with and without visual feedback (mirror), while pictures
of the children’s faces were taken (Langdell 1981). Inter-
estingly, the quality of the ASD productions was on par
with the productions of the PDDNOS children when visual
feedback through the mirror was provided. However, when
the mirror was not available, the ASD productions were
rated as lower in quality than the PDDNOS group. Lang-
dell (1981) concluded that the expression production defi-
cits seen in ASD was not due to a motor deficit, but rather
from an inability to perceive and integrate the different
components of facial expressions.

Several subsequent studies of emotional expressivity in
ASD have extended findings to include other facial
expressions while controlling for IQ. Macdonald et al.
(1989) assessed high-functioning ASD adult’s ability in
recognizing and producing facial expressions in compari-
son to age- and IQ-matched TD control participants. TD
and ASD participants were photographed while producing
the facial expressions of happy, angry, fear, sad, and neu-
tral in response to short vignettes and emotion-labels.
Naive raters who were asked to rate and label each pho-
tograph rated the ASD productions as lower in quality, and
mislabeled the ASD expressions more frequently than the
TD expressions. A higher proportion of mislabeling errors
were found for the negative emotions (angry, fear, sad)
whereas no group differences were found for the positive
expressions of happy (Macdonald et al. 1989).

Loveland et al. (1994) quantified the extent to which facial
affect was disordered in ASD by making the distinction

between mimicked and posed expressions. Participants with
ASD and Down’s syndrome were rigorously matched on
several IQ measures in order to remove any potential con-
found of intelligence. The mimicked expressions of happy,
angry, sad, surprise and neutral facial were modeled by
researchers, whereas posed expressions were prompted by
the emotion label. Video-recordings of participants’ faces
were obtained and edited before being presented to judges
who first labeled the expression, and then rated the expres-
sion for its overall quality. Consistent with the previous
studies with photographs, ASD participants’ posed expres-
sions were rated as lower in quality than their mimicked
expressions, and were qualitatively more bizarre and
mechanical in production. When comparing across the two
groups, ASD participant’s facial expressions were rated as
lower in quality than the DS group (Loveland et al. 1994).
Findings from this study not only replicated those of previous
research by demonstrating the flat and disorganized affect
associated with ASD, yet also illuminated the conditions
under which this deficit was observed. Whereas mimicry of
facial expressions in ASD was relatively intact when com-
pared to developmentally disordered peers, the expression
quality of facial expressions posed without a visual example
demonstrated marked deficits.

Interestingly, children with ASD show marked deficits in
spontaneous mimicry (MclIntosh et al. 2006; Rogers et al.
2003; Williams et al. 2001), however research has shown that
these individuals retain their ability to mimic others when
explicitly prompted (McIntosh et al. 2006; Rogers et al.
2003). Thus, by comparing the quality of facial displays that
are mimicked (i.e. relying on an external model) to those that
are posed (i.e. relying on the expression concept) it is pos-
sible to determine the cognitive source of the facial expres-
sion deficitin ASD. Results from previous experiments show
that ASD individuals perform on par with typically devel-
oping children when they are required to mimic a facial
expression in the presences of an external model. However,
individuals with ASD show significant deficits in the quality
of their expressions when asked to pose an expression in
response to a verbal label. These results indicate that the
characteristic flat or disorganized affect that typifies the
autism does not result from an inability to activate or
manipulate facial muscles, or from an inability to mirror the
motor movements of a physical model. Rather, for children
with ASD, there is a disconnection between the mental
representation of an emotion and its production through a
facial expression.

The goal of the current experiment is to test whether the
production of posed expressions can be strengthened through
practice and training. Children with ASD, and age and 1Q-
matched TD children played the FaceMaze game. FaceMaze
is an interactive, PacMan-like video game in which partici-
pants navigate through a maze of obstacles while collecting
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Table 1 Average K-Bit-2 scores for ASD and TD participants

Group Verbal 1Q Non-verbal 1Q Composite 1Q
ASD 108.12 (5.48) 107.00 (4.50) 108.94 (5.24)
TD 112.06 (2.43) 112.29 (3.09) 114.59 (2.40)
t test p =052 p = 040 p =038

Parentheses denote standard errors

“tokens”. Obstacles in the maze are overcome by producing
facial expressions as measured by the computer recognition
emotion toolbox (CERT). CERT analyzes the child’s facial
expressions via the webcam and provides real-time feedback
to the user with respect to the quality of their expression
productions. Children were videotaped while posing
“happy,” “angry” and “surprise” expressions before and
after playing the Happy and Angry versions of the “Face-
Maze” game intervention. Naive participants were then
asked to rate the videos for expression quality. We hypoth-
esized that if the FaceMaze strengthens the link between the
conceptual and motor representation of “happy” and
“angry” emotions, exclusively, the post-game facial
expressions of children with ASD should be rated as higher
in quality than their pre-game expressions.

Method Part 1: Stimulus Generation
Participants

Thirty children with ASD, aged 6-18 years (M = 10.89,
SD = 3.39), were recruited from the Centre for Autism
Research Training and Education (CARTE) database. All
children were diagnosed with Autism Spectrum Disorder
through the British Columbia Autism Assessment Network
(BCAAN) using the Autism Diagnostic Observation Sche-
dule (ADOS) and Autism Diagnostic Interview (ADI). Two
participants did not complete the task, and another 11 par-
ticipants produced unusable data (see stimulus generation),
resulting in 17 participants aged 6-18 years (M = 10.76,
SD = 3.59). Twenty-three typically developing (TD) aged
8-16 years (M = 10.39, SD = 2.64) were recruited from
the Centre for Autism Research Training and Education
(CARTE) database. Of these, 17 age- and 1Q-matched con-
trols (M = 10.94, SD = 2.79) were obtained (see Table 1).
Participants were compensated with a $10 gift-card to
Chapters, and a small toy for their time.

Materials
The Computer Expression Recognition Toolbox (CERT)

To implement our training program, we employed the
Computer Emotion Recognition Toolbox (CERT)
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developed by Bartlett et al. (2005, 2006; Littlewort et al.
2011). The Computer Expression Recognition Toolbox
(CERT) is a fully automated computer vision system that
analyzes facial expressions in real-time, using video input
(Bartlett et al. 2005, 2006; Donato et al. 1999; Littlewort
et al. 2011). CERT automatically detects facial actions
from the Facial Action Coding System (FACS). The pro-
gram was trained to detect each facial action based on over
8000 FACS-coded images of voluntary and spontaneous
expressions. The CERT program automatically detects
frontal faces in the video stream and codes each frame with
respect to the 20 major action units (AU) most closely
associated with the seven basic emotions. (For information
on the training of the CERT program, see Littlewort et al.
(2011).) Detection accuracy for individual facial actions
has been shown to be 90 % for voluntary expressions, and
80 % for spontaneous expressions that occur within the
context of natural head movements and speech, as mea-
sured by a 2-alternative forced paradigm that approximates
area under the ROC curve (Littlewort et al. 2011). In
addition, estimates of expression intensity generated by
CERT correlate with FACS’ expert intensity codes (Bart-
lett et al. 2006). This system has been successfully
employed in a range of studies of spontaneous expressions.
(For a review, see Bartlett and Whitehill 2011.)

Using CERT, we designed the “FaceMaze” game in
which a player navigates a pac-man-like figure through a
series of corridors, and removes face obstacles by pro-
ducing the appropriate happy or angry expressions
(Cockburn et al. 2008; see Fig. 1). CERT detects the target
expression via webcam input, rates the quality of the
expression and provides real time feedback to the player.
When a user enacts the correct corresponding facial
expression, the “expression meter” (a red bar that depicts
the length of time an expression is held) begins to fill.
While CERT detects the correct facial expression, the
expression meter continues to fill with the red bar until
finally the obstacle is removed from the maze path. If
CERT does not detect the correct expression, the meter will
terminate and the obstacle remains. Only when CERT
detects the correct expression will the expression meter
resume its movement again. The expression meter serves as
feedback for the player, informing the player when their
facial expression is matching or not, and the disappearance
of the obstacles serve as a reward for correct facial
expression production. Due to CERT’s accuracy in
dynamic facial detection, the expression meter will not fill
if the wrong facial expression is produced, thus encour-
aging the user to produce the expression prompted and not
one that may be easier to produce for the player.

FaceMaze interprets “happy” as the upward inflection
of the lip produced by zygomaticus major facial muscle.
FaceMaze operationalizes “angry” as the tensing of the
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Fig. 1 The “Happy” level of FaceMaze. The player moves a blue,
neutral pac-man like face throughout the maze, with the goal of
collecting tokens (pink candy wrappers). In order to remove obstacles
in their path, players must mimic the facial expression displayed by
the obstacle. In HappyMaze, obstacles are other happy faces (yellow).
When the player mimics the expression correctly, the blue face
displays the expression and the smile-o-meter (lef?) fills (Color figure
online)

corrugator supercilii that resulted in the visible furrowing
of the brow detected by CERT, resulted in activation of the
“anger detector” needed to successfully overcome barriers
within the AngryMaze. Each stage was comprised of 3
separate game-levels consisting of a unique maze layout,
eight face obstacles, and five “tokens”. Players were thus
required to produce a total of 24 facial productions in order
to complete each stage successfully.

Procedure

Prior to playing the Facemaze game, participants were
administered the Kaufman Brief intelligence Test (2nd
edition) (Kbit-2). The Kbit-2 yields both a verbal (crys-
talized) and non-verbal (fluid) intelligence score.

Pre- and Post-game Expression Production

Before and after playing the FaceMaze game, participants
were asked to pose a “happy” face, an “angry” face and a
“surprise” face. Participants were seated in front of the
computer and were asked to look at a fixation cross.
Children were prompted to “show me your best Happy
face, Angry face and Surprise face” while their expressions
were videotaped. The experimenter paused for 3 s between
each prompt in order to allow the child to produce and
maintain their expression. Videos of the happy, angry and
surprised expressions were recorded at three time points:
(1) before playing the happy version of FaceMaze, (2) after

Fig. 2 Timeline of events used for obtaining videos of participant’s
facial expressions. Videos were recorded during “expression produc-
tion” phases as demarked

playing the happy version of FaceMaze (and before playing
the angry version of FaceMaze and (3) after playing the
angry version of FaceMaze (see Fig. 2). Videos were
excluded from the final stimulus set if the participant’s face
was not visible due to occlusion, or if the child moved out
of screen. Furthermore, participants must have had all six
videos in order to be included in the stimulus set. A total of
204 videos were included, 102 from the ASD group, and
another 102 from the TD group.

To ensure the child’s success, participants played the
“happy” version of FaceMaze first and then the “angry”
version. In both conditions, participants were given a
practice trial before playing the game, in which they were
required to navigate toward an obstacle (an emotive icon
depicting either a happy or angry facial expression), pro-
duce the corresponding facial expression, and acquire a
token. After becoming acquainted with the rules of the
game, participants were required to play for 4 min or 3
levels, whichever was completed first.

Part 2: Stimulus Rating
Participants

Forty-six naive undergraduate participants from the Uni-
versity of Victoria participated in the video rating. Twenty-
two participants (5 male), aged 18-22 (M = 20.04,
SD = 1.19) rated the videos obtained from the ASD chil-
dren, and 24 participants (6 male), aged 18-32
(M = 22.63, SD = 3.21) rated the TD children’s videos.
All participants had normal or corrected-to-normal vision.
Participants received course credit as compensation for
their time.

Stimuli

Each video clip was presented on a computer screen situ-
ated 1 m away from participants, resulting in a retinal
image of 16.51 x 10.16 cm on a white screen, creating a
visual angle of 44.7° in the horizontal plane and 27.64 in
the vertical plane.
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A subset of 204 video clips obtained from the stimulus
generation portion was used. 102 video clips were taken
from those generated by the ASD group, and another 102
video clips were taken from the TD group. The ASD
group’s videos were further divided into categories based
on the differential completion rates of the AngryMaze. As
a result, the videos of eight participants (48 videos) from
the 3-level condition, four participants (24 videos) from the
2-level condition, and five participants (30 videos) from the
one-level condition were used, as well as the corresponding
happy and surprise video clips.

Procedure

Participants were seated in front of the computer and full
consent was obtained before the experiment start. Partici-
pants were told that they would be rating a series of video
clips based on their subjective observations, and were
explained the rating scales, while underscoring that each
video clip had to be rated on all 6 scales, including any
ratings of “0” (not at all). A practice video was presented
and participants rated the video; if there were no other
questions, participants proceeded to the experiment phase.

In the experiment phase, participants were required to
rate a total of 102 videos, with each video comprising one
trial. Video clips were divided into two blocks of 51 vid-
eos, with half the pre- and half the post-training videos
randomly presented in each block. Presentation of the
blocks was then counterbalanced across participants.

At the beginning of each trial, a screen reading “get
ready” was presented for 2 s, followed by presentation of the
video clip, succeeded by a screen reading “Please rate the
video now. When you are finished, please press ‘spacebar’ to
continue...”. Thus, participants could view and rate the
videos at their own pace. After the participants completed
their task, they were debriefed and thanked for their time.

Results
Ratings of the FaceMaze Videos of ASD Children
HappyMaze

In order to determine the effects of playing HappyMaze on
facial expression production, expression quality ratings were
subjected to a 2 (time: pre X post) x 6 (emotion: happy,
angry, surprise, fear, disgust, sad) repeated-measures
ANOVA. All tests used the Greenhouse—Geisser adjust-
ments, and all post hoc comparisons were Bonferonni cor-
rected. A significant main effect of Time was found,
F(1,407) = 3045,p < 0.001, 13 = 0.07, such that post-Happy-
Maze expression quality ratings (M = 0.65, SE = 0.02)
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Fig. 3 Bar-graph of expression quality ratings for the a Happy
expression, b Angry expression, and ¢ Surprise expression, before and
after training. Error bars denote Standard Error of the mean. Asterisk
represents a significant difference at p < 0.05. Asterisk represents a
significant difference at p < 0.05. Double asterisk represents signif-
icance at p < 0.01

were significantly higher than those of pre-HappyMaze
expression quality ratings (M = 0.55, SE = 0.01). The main
effect of Emotion was also significant, ' (2.72, 1,108.84) =
898.24, p < 0.001, nﬁ = 0.69, with expression quality rat-
ings of happy (M = 2.48, SE = 0.05) significantly higher
than those of angry (M = 0.11, SE = 0.02), surprise
(M = 0.35, SE = 0.03), fear (M = 0.10, SE = 0.02), dis-
gust (M =0.19, SE =0.02), and sad (M = 0.35,
SE = 0.03). Furthermore, ratings of surprise and sad were
also significantly higher than ratings of angry, fear, disgust,
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with ratings of disgust being significantly higher than ratings
of angry and fear. In order of magnitude, expression quality
ratings of happy were the largest, followed by surprise, fear
and sad, and finally angry and disgust. Critically, a signifi-
cant Time x Emotion interaction was observed, F (3.55,
1,445.67) = 36.74, p < 0.001, nf, = 0.08.

Post-hoc comparisons revealed a significant increase in
expression quality ratings of happy post-HappyMaze
(M = 2.80, SE = 0 0.06) when compared to pre-Happy-
Maze productions (M = 2.11, SE = 0.06), ¢t (407) =
—5.39, p < 0.001. In addition, a significant increase in
expression quality ratings of surprise post-HappyMaze
(M =049, SE = 0.05) as compared to pre-HappyMaze
productions (M = 0.22, SE = 0.03) was also observed,
t (407) = —4.27, p < 0.001. Furthermore, a significant
decrease in expression quality ratings of disgust post-
HappyMaze (M = 0.12, SE = 0.04), when compared to
pre-HappyMaze productions (M = 0.25, SE = 0.03), was
also significant, ¢ (407) = 3.31, p = 0.001. Finally, a sig-
nificant decrease in expression quality ratings of sad post-
HappyMaze (M = 0.28, SE = 0.04), when compared to
pre-HappyMaze productions (M = 0.41, SE = 0.04), was
also observed, 7 (407) = 2.42, p < 0.05 (see Fig. 3).

AngryMaze

In order to determine the effects of playing AngryMaze on
facial expression production, expression quality ratings
were subjected to a 2 (time: pre x post) X 6 (emotion:
happy, angry, surprise, fear, disgust, sad) repeated-mea-
sures ANOVA. All tests used the Greenhouse—Geisser
adjustments, and all post hoc comparisons were Bonferonni
corrected. A significant main effect of Time, F (1, 407) =
4.60, p < 0.05, Thz: = 0.01, was observed, such that post-
AngryMaze expression quality ratings (M = 0.84,
SE = 0.02) were significantly higher than those of pre-
AngryMaze expression quality ratings (M = 0.80,
SE = 0.02). Furthermore, a significant main effect of
Emotion was also observed, F (3.54, 1,442.04) = 221.86,
p < 0.001, ng = 0.35, with expression quality ratings of
angry (M = 199, SE = 0.06) significantly higher than
those of happy (M = 0.22, SE = 0.03), surprise (M =
0.34, SE = 0.03), fear (M = 0.29, SE = 0.03), disgust
(M = 1.15, SE = 0.05) and sad (M = 0.93, SE = 0.05).
Furthermore, expression quality ratings of disgust were
significantly higher than those of happy, surprise, fear and
a sad, with those of sad significantly higher than those of
happy, surprise and fear. In order of magnitude, expression
quality ratings of angry were the largest, followed by dis-
gust, then sad, then surprise, and finally those of happy, and
fear. Finally, a significant Time x Emotion interaction was
found, F (3.72, 1,514.17) = 14.67, p < 0.001, ng = 0.04.
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Fig. 4 Bar-graph of expression quality ratings for the a Level 1
Group, b Level 2 Group, and ¢ Level 3 Group, before and after
training. Error bars denote Standard Error of the mean. Asterisk
represents a significant difference at p < 0.05. Double asterisk
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Post-hoc analysis revealed a significant increase in
expression quality ratings of angry post-AngryMaze
(M = 2.22, SE = 0.07) when compared to pre-AngryMaze
ratings (M = 1.75, SE =0.07), t (407) = —-541,
p < 0.001. Furthermore, a significant decrease in post-An-
gryMaze expression quality ratings of happy (M = 0.12,
SE = 0.03), and surprise (M = 0.25, SE = 0.03) was
observed, when compared to pre-AngryMaze ratings
(happy: M = 0.31, SE = 0.04, surprise: M = 0.44,
SE = 0.05), 1 (407) = 5.31, p < 0.001, and ¢ (407) = 3.58,
p < 0.001, respectively. Finally, a significant increase in
post-AngryMaze expression quality ratings of disgust
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(M = 1.28, SE = 0.07) when compared to pre-AngryMaze
expression quality ratings (M = 1.02, SE = 0.06) was also
found, ¢ (407) = —3.16, p < 0.001 (see Fig. 3).

In light of the different completion rates for the An-
gryMaze condition, data was subsequently divided based
on the number of game-levels completed, resulting in three
groups of participants who either completed one level of
the AngryMaze, two levels of AngryMaze, or three levels
of AngryMaze.

Subsequent post hoc comparisons were carried out for each
of group level of completion, separately. For the Level 1
group, a significant increase in post-AngryMaze expression
quality ratings of fear (M = 0.56, SE = 0.09), when com-
pared to pre-AngryMaze expression quality ratings
(M = 0.19, SE = 0.05), was found, ¢t (119) = —4.26,
p < 0.001. Furthermore, post-AngryMaze expression quality
ratings of happy (M = 0.05, SE = 0.02) were significantly
smaller than pre-AngryMaze expression quality ratings
(happy: M = 0.32, SE = 0.06), ¢ (119) = 6.34, p < 0.001
(see Fig. 4). Importantly, no differences were found between
pre- and post-training productions for the target expression of
angry, report non-significant ¢ value here.

For the Level 2 group, a significant increase in post-
AngryMaze expression quality ratings of angry (M = 2.93,
SE = 0.14) when compared to pre-AngryMaze expression
quality ratings (M = 2.23, SE = 0.16) was found,
t (95) = —4.15, p <0.001. Furthermore, significant
decreases in post-AngryMaze expression quality ratings of
happy (M = 0.10, SE = 0.05), t (95) = 4.15, p < 0.001,
surprise (M = 0.21, SE = 0.06), ¢ (95) = 2.97, p < 0.001,
and fear (M = 0.10, SE = 0.05), 7 (95) = 3.31, p < 0.001,
were found, when compared with pre-AngryMaze expres-
sion quality ratings (happy: M = 0.49, SE = 0.10, sur-
prise: M = 0.56, SE = 0.11, fear: M = 0.43, SE = 0.10;
see Fig. 4).

For the Level 3, a significant increase in post-Angry-
Maze expression quality ratings of angry (M = 2.19,
SE = 0.11) was found when compared to pre-AngryMaze
expression quality ratings (M = 1.57, SE = 0.11),
t (191) = —4.82, p < 0.001. Additionally, an increase in
post-AngryMaze expression quality ratings of disgust
(M = 149, SE = 0.11) when compared to pre-AngryMaze
expression quality ratings (M = 1.05, SE = 0.09) was
found, ¢ (191) = —3.40, p = 0.001. Lastly, significant
decreases in post-AngryMaze expression quality ratings of
surprise (M = 0.27, SE = 0.05), and fear (M = 0.12,
SE = 0.03), were observed, ¢ (87) = —2.97, p < 0.005,
and ¢ (87) = —2.97, p < 0.005, respectively, when com-
pared to pre-AngryMaze expression quality ratings (sur-
prise: M = 0.48, SE = 0.08, fear: M = 0.36, SE = 0.06;
see Fig. 4).
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Surprise

In order to determine the effects of playing HappyMaze
and AngryMaze on facial expression production, expres-
sion quality ratings were subjected to a 2 (time: pre X
post) x 6 (emotion: happy, angry, surprise, fear, disgust,
sad) repeated-measures ANOVA. All tests used the
Greenhouse—Geisser adjustments, and all post hoc com-
parisons were Bonferonni corrected. For the control Sur-
prise expression, the main effect of Emotion was
significant, F (3.28, 1,335.92) = 295.36, p < 0.001,
ng = 0.42, with expression quality ratings of surprise
(M = 2.46, SE = 0.07) significantly higher than those of
happy (M = 0.62, SE = 0.05), angry (M = 0.28,
SE = 0.03), fear (M =0.89, SE = 0.06), disgust
(M = 042, SE = 0.03), and sad (M = 0.29, SE = 0.03).
Furthermore, ratings of fear were significantly higher than
those of happy, angry, disgust and sad, whereas ratings of
happy and disgust were significantly higher than those of
anger and sad. In order of magnitude, expression quality
ratings of surprise were the highest, followed by fear,
happy, disgust, and finally angry and sad. No significant
main effect of Time, F (1, 407) = 0.20, p = 0.65,
nf, = 0.00, was observed. A significant interaction effect of
Time x Emotion, F (4.40, 1,790.12) = 3.87, p < 0.005,
nf) = 0.01, was found (see Fig. 3).

Post-hoc analysis revealed a significant decrease in
expression quality ratings of happy post-gameplay
(M = 0.53, SE = 0.06) when compared to pre-gameplay
ratings (M = 0.71, SE = 0.06), t (407) = 3.53, p < 0.001.
Furthermore, an increase in expression quality ratings of
angry post-gameplay (M = 0.71, SE = 0.06) when com-
pared to pre-gameplay ratings (M = 0.22, SE = 0.03) was
also found, ¢ (407) = —2.67, p < 0.005.

In summary, for the ASD group, naive observers rated
post-HappyMaze productions of Happy expressions
higher in expression quality than pre-HappyMaze pro-
ductions. Furthermore, a decrease in expression quality
ratings of disgust and sad, and increase in expression
quality ratings of surprise were also observed. Similarly,
naive observers rated post-AngryMaze productions of
Angry higher in expression quality when compared to
pre-AngryMaze productions. Furthermore, an increase in
expression quality ratings of disgust, and decrease in
expression quality ratings of happy and surprise was also
found. With respect to different levels of completion,
significant increases in expression quality ratings of
angry were found for both the Level 2 and 3 groups.
Significant decreases in expression quality ratings were
also found, with expression quality ratings of happy
decreasing for the Level 1 group, a decrease in
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expression quality ratings of happy, surprise, and fear for
the Level 2 group, and a decrease in expression quality
ratings of surprise and fear for the Level 3 group. Lastly,
significant increases in expression quality ratings of fear
for the Level 1 group, and disgust for the Level 3 group
were also observed.

Ratings of the FaceMaze Videos for TD Children
HappyMaze

In order to determine the effects of playing HappyMaze on
facial expression production in TD children, expression
quality ratings were subjected to a 2 (time; pre X
post) x 6 (emotion; happy, angry, surprise, fear, disgust,
sad) repeated-measures ANOVA. All tests used the
Greenhouse—Geisser adjustments, and all post hoc com-
parisons were Bonferonni corrected. A significant main
effect of Time was found, F (1, 407) = 6.82, p < 0.01,
ng = 0.02, with expression quality ratings post-Happy-
Maze (M = 0.54, SE = 0.01) significantly smaller than
those of pre-HappyMaze (M = 0.59, SE = 0.01). Fur-
thermore, a main effect of Rating was also found, F (2.20,
895.67) = 2,077.74, p < 0.001, nﬁ = 0.84, with expres-
sion quality ratings of happy (M = 2.8, SE = 0.05) reli-
ably higher than those of surprise (M = 0.29, SE = 0.03),
anger (M =0.04, SE=0.01), fear (M = 0.08,
SE = 0.01), disgust (M = 0.07, SE = 0.02), and sad
(M = 0.10, SE = 0.02). Furthermore, ratings of surprise
were also significantly higher than those of anger, fear,
disgust and sad, and ratings of sad were also higher than
those of angry. In order of magnitude, ratings of happy
were the largest, followed by surprise, then sad, and the
remaining angry, fear and disgust. Finally, a significant
Time x Rating interaction, F (2.64, 1,075.80) = 4.91,
p < 0.005, Ny = 0.01, was also found.

Post-hoc analysis revealed a significant difference
decrease in post-HappyMaze expression quality ratings of
surprise (M = 0.19, SE = 0.03) when compared to pre-
HappyMaze expression quality ratings (M = 0.40,
SE = 0.04), ¢t (407) = 4.29, p < 0.001 (see Fig. 5).

AngryMaze

In order to determine the effects of playing AngryMaze on
facial expression production in TD children, expression
quality ratings were subjected to a 2 (time; pre X
post) x 6 (emotion; happy, angry, surprise, fear, disgust,
sad) repeated-measures ANOVA. All tests used the
Greenhouse—Geisser adjustments, and all post hoc com-
parisons were Bonferonni corrected. For the Angry
expression, a significant main effect of Rating, F (3.33,
1,356.69) = 241.41, p < 0.001, nﬁ = 0.37, was found,
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Fig. 5 Bar-graph of expression quality ratings for the a Happy
expression, b Angry expression, and ¢ Surprise expression, before and
after training. Error bars denote Standard Error of the mean. Asterisk
represents a significant difference at p < 0.05. Double asterisk
represents significance at p < 0.01

with ratings of angry (M = 1.82, SE = 0.06) reliably
higher than those of happy (M = 0.21, SE = 0.02), sur-
prise (M = 0.27, SE = 0.03), fear (M = 0.17, SE = 0.02),
disgust (M = 094, SE = 0.05) and sad (M = 0.83,
SE = 0.05). Furthermore, ratings of disgust and sad were
also significantly higher than those of happy, surprise and
fear, with ratings of fear lower than those of surprise and
happy. In order of magnitude, ratings of angry were the
highest, followed by disgust and sad, then surprise and
happy, and finally fear. No reliable main effect of Time
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was observed, F (1, 407) =, p = 1.56, ng = 0.21, how-
ever a significant Time x Rating interaction was found,
F (3.77, 1,532.56) = 7.86, p < 0.00, nﬁ = 0.02.

Post-hoc analysis revealed a reliable increase in expression
quality ratings of angry post-AngryMaze (M = 1.93,
SE = 1.40) when compared to pre-AngryMaze expression
quality ratings (M = 1.71, SE = 1.33), ¢ (407) = —3.02,
p < 0.005. Furthermore, a reliable decrease in post-AngryMaze
expression quality ratings of happy (M = 0.12, SE = 0.02),
surprise (M = 0.17, SE =0.02) and fear (M = 0.13,
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SE = 0.02) was observed, ¢ (407) =438, p <0.001,
t (407) = 4.24, p <0.001, and # (407) = 2.19, p < 0.05,
respectively, when compared to pre-AngryMaze expression
quality ratings (happy: M = 0.29, SE = 0.04, surprise:
M = 0.37,SE = 0.04, fear: M = 0.21, SE = 0.03; see Fig. 5).

Similar to the ASD group, TD children completed the
AngryMaze with varying degrees of success, resulting in
three groups of participants who either completed 1 level of
the AngryMaze, 2 levels of the AngryMaze, or 3 levels of
AngryMaze. As a result, subsequent post hoc comparisons
were carried out for each of group level of completion,
separately.

For the Level 1 group, a reliable increase in expression
quality ratings of angry post-AngryMaze (M = 1.99,
SE = 0.12) when compared to pre-AngryMaze ratings
(M = 1.61, SE = 0.10) was observed, t (143) = —3.33,
p < 0.005 (see Fig. 6).

For the Level 2 group, a significant decrease in expression
quality ratings of happy (M = 0.03, SE = 0.02), surprise
(M = 0.16, SE = 0.05), and disgust (M = 0.48, SE = 0.08)
was observed, r (95) = 4.06, p < 0.001, ¢ (95) = 4.86,
p < 0.001, and 7 (95) = 5.30, p < 0.001, respectively, when
compared to pre-AngryMaze expressions quality ratings
(happy: M =044, SE = 0.10, surprise: M = 0.90,
SE = 0.14, disgust: M = 1.10, SE = 0.13). Furthermore, a
reliable increase in expression quality ratings of sad were
found post-AngryMaze (M = 1.00, SE = 0.13), when com-
pared to pre-AngryMaze expression quality ratings
(M = 0.13, SE = 0.04), ¢t (95) = —6.40, p < 0.001 (see
Fig. 6).

For the Level 3 group, a reliable decrease in post-An-
gryMaze expression quality ratings of happy (M = 0.05,
SE = 0.03), fear (M = 0.10, SE = 0.03), and sad
(M = 0.85, SE = 1.00), was observed, when compared to
pre-AngryMaze ratings (happy: M = 0.16, SE = 0.04,
fear: M = 0.21, SE = 0.05, sad: M = 1.17, SE = 0.11),
t (167) = 2.32, p <0.05, ¢t (167) = 2.26, p < 0.05, and
t (167) = 3.27, p < 0.005, respectively. Furthermore, a
significant increase in expression quality ratings of disgust
(M =1.29, SE = 0.10) post-AngryMaze, was found,
t (167) = —2.35, p < 0.05, when compared to pre-An-
gryMaze ratings (M = 1.01, SE = 0.09; see Fig. 6).

Surprise

For the control Surprise expression, analysis revealed a
significant main effect of Rating, F (3.18,
1,293.66) = 526.66, p < 0.001, nf, = 0.56, such that
expression quality ratings of surprise (M = 2.62,
SE = 0.05) were significantly higher than those of happy
(M = 0.77, SE = 0.05), angry (M = 0.12, SE = 0.02),
fear (M =0.89, SE =0.05), disgust (M = 0.43,
SE = 0.04), and sad (M = 0.09, SE = 0.01). Furthermore,
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ratings of happy and fear were significantly higher than
those of angry, disgust and sad, with ratings of disgust
reliably higher than those of angry and sad. In order of
magnitude, expression quality ratings of surprise were the
largest, followed by those of fear and happy, then disgust,
and finally angry and sad. No significant main effect of
Time was found, F (1, 407) = 0.55, p < 0.46, nﬁ = 0.00,
however a reliable interaction effect of Time x Rating was
observed, F (3.54, 1,44148)=11.39, p <0.05,
np = 0.03.

Subsequent post hoc analysis revealed a significant
decrease in expression quality ratings of happy post-game-
play (M = 0.57, SE = 0.06) when compared to pre-game-
play expression quality ratings (M = 0.98, SE = 0.06).
Furthermore, a reliable increase in expression quality rat-
ings of disgust was found post-game-play (M = 0.49,
SE = 0.05) when compared to pre-game-play expression
quality ratings (M = 0.37, SE = 0.04; see Fig. 5).

In summary, for the TD group, no changes in happy
expression quality ratings were found for Happy expres-
sions post-HappyMaze when compared to pre-HappyMaze
productions. Furthermore, a decrease in expression quality
ratings of surprise was also observed. In contrast, naive
observers rated post-AngryMaze productions of Angry
higher in expression quality when compared to pre-An-
gryMaze productions. Furthermore, decreases in expres-
sion quality ratings of happy, surprise and fear were also
found. With respect to different levels of completion, sig-
nificant increases in expression quality ratings of angry
were found for the Level 1 group. Furthermore, significant
decreases in expression quality ratings were also found,
with expression quality ratings of happy, surprise, and
disgust decreasing for the Level 2 group, and a decrease in
expression quality ratings of happy, fear, and sad for the
Level 3 group. Lastly, significant increases in expression
quality ratings of sad for the Level 2 group, and disgust for
the Level 3 group were also observed.

Comparing the Ratings of the FaceMaze Videos
of ASD Children and TD Children

In order to determine the efficacy of FaceMaze in enhancing
facial expression production, a series of ¢ test were carried out
between the ASD and TD group’s target expression quality
ratings. A reliable difference in pre-HappyMaze expression
quality ratings of happy between the ASD (M = 2.17,
SE = 0.06) and TD (M = 2.82, SD = 0.06) groups was
found, ¢ (407) = 7.74, p < 0.001, however no difference
between ASD (M = 2.80, SD = 0.06) and TD (M = 2.78,
SD = 0.05) post-Happymaze happy expression quality rat-
ings was observed (see Fig. 7). Furthermore, whereas no
reliable difference was found for pre-AngryMaze angry
expression quality ratings between the ASD (M = 1.75,
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Fig. 7 Bar-graph of happy expression quality ratings for the
a HappyMaze condition, and b AngryMaze condition, before and
after training, for both ASD and TD groups. Error bars denote
Standard Error of the mean. Double asterisk represents a significant
difference at p < 0.005

SD = 0.07) and TD (M = 1.71, SD = 0.07) groups, a reli-
able difference was found in post-AngryMaze angry expres-
sion quality ratings between the ASD (M = 2.22,SD = 0.07)
and TD (M = 1.92, SD = 0.07) groups, ¢ (407) = —2.91,
p < 0.005 (see Fig. 7). Lastly, no reliable difference in pre- or
post-FaceMaze expression quality ratings of surprise between
the ASD (pre: M = 2.43, SD = 0.07, post: M = 2.49,
SD = 0.08) and TD group (pre: M = 2.58, SD = 0.06, post:
M = 2.66, SD = 0.06), were found.

Discussion

The goal of the current experiment was to determine the
efficacy of the FaceMaze game in altering facial expression
production in children with ASD, who are typified by
disorders in social communication such as flat or disorga-
nized affect. Findings revealed that FaceMaze was effec-
tive in increasing the perceptibility of target facial
expressions in children with ASD by first enhancing facial
expression fidelity, and second, by attenuating competing
emotion displays. More importantly, the control Surprise
expression showed no changes in target expression quality
ratings, underscoring that the increases in the Happy and
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Angry expressions’ perceptibility resulted from directed
training and not merely from participants activating facial
muscles. Furthermore, the decrease in expression quality
ratings of happy for both the Angry and Surprise expres-
sions also underscores a conceptual differentiation between
the positive Happy display, and the negative Angry display
or neutral Surprise display, substantiating the efficacy of
FaceMaze training in targeting the expression concept.

Modulation of competing expressions was also observed
in the ASD group for both the HappyMaze and AngryMaze
conditions. With respect to the Happy facial expression, the
small yet significant increase in ASD participant’s
expression quality ratings of surprise may reflect the tone
in which facial expressions were elicited, and not neces-
sarily their quality. According to the circumplex model of
affect, the emotion of Surprise has a neutral affect-valence,
but is considered high on arousal, as opposed to Happy,
which is high on positive valence and almost neutral on
arousal (Russell and Barrett 1999). Since our study
required participants to rate facial expressions on expres-
sion quality, it is likely that changes in expression intensity
were captured by co-occurring arousal changes in the
surprise expression rating.

TD participant’s pre-training facial expressions showed
typical developmental trends, with highly readable Happy
facial expressions, and ambiguous Angry facial displays
(Lewis et al. 1987; Odom and Lemond 1972). No changes
were observed in TD participants’ Happy facial expressions
post-training, however this is not unexpected given previous
research showing that TD children’s performance of volun-
tary happy displays are comparable to that of adult’s (Lewis
et al. 1987). Importantly, whereas the ASD group lagged
behind the TD group in the quality of their Happy expres-
sions before training, the quality of their happy expressions
were comparable to their TD peers after training.

With respect to the Angry expression, enhancements of
both ASD and TD participant’s Angry expressions were
not surprising given previous research demonstrating a
marked deficit in the perception of both TD and ASD
children’s negative displays (Lewis et al. 1987; Macdonald
et al. 1989; Odom and Lemond 1972). Increases in
expression quality ratings of disgust in the ASD group are
consistent with previous research demonstrating similarity
between disgust and angry facial displays in both their
production (Dailey et al. 2002; Smith and Scott 1997;
Susskind et al. 2007), and perception (Aviezer et al. 2008;
Bullock and Russell 1984; Ekman and Friesen 1975;
Widen and Russel 2010). In studies categorizing facial
expressions based on perceptual quality, facial expressions
of Disgust have been categorized as Angry displays in
33 % of trials using the facial expression exclusively
(Widen and Russel 2010), and in as much as 87 % of trials
when body posture and environmental context are also
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taken into account (Aviezer et al. 2008). With respect to
their psychometric properties, facial expressions of Anger
and Disgust are similarly classified as both negative in
valence and high on arousal according to the circumplex
model of affect, with Anger being only slightly greater in
arousal (Russell and Barrett 1999). Results from the current
study help clarify the relationship between Angry and
Disgust facial expressions by providing evidence for the
expression quality of disgust in Angry facial displays.

FaceMaze presents a novel and engaging approach to
enhance the quality of voluntary facial expressions for
typically developing children and children on the autism
spectrum. Beyond its entertainment value, the game is a
promising intervention tool to improve the quality of facial
expressions produced by individuals with ASD. From an
embodied cognition perspective, the integration of per-
ceptual and motor facets not only provides a more natu-
ralistic process, but would also allow for an enhancement
of all cognitive aspects of emotion expression, such as
expression recognition (Atkinson and Adolphs 2005; Der-
iso et al. 2012; Goldman and Sripada 2005; Niedenthal
et al. 2001; Oberman et al. 2007). Furthermore, the quality
of voluntary and spontaneous expressions are correlated
(Berenbaum and Rotter 1992) suggesting that the two
processes may rely on similar cognitive mechanisms
(Winkielman et al. 2009a, b). Further research is warranted
to investigate whether the directed training in voluntary
expression production in ASD participants facilitates the
production spontaneous expressions in naturalistic settings.
Regardless, individuals on the autism spectrum will benefit
from FaceMaze training that has the potential to improve
their voluntary facial expressions, and as a consequence
enhance their everyday social interactions.

Although other treatment programs targeting facial
expression production have shown positive results, they are
labor-intensive, requiring one-on-one tutoring with human
therapists over the course of several days (Charlop et al.
2010; DeQuiznio et al. 2007; Gena et al. 1996; Stewart and
Singh 1995). Personalized training in facial expressions is a
“tiring procedure for therapists to use and difficult to use
with consistency” (Gena et al. 1996, p. 547). With respect to
ASD, these treatments may also be more difficult to imple-
ment as a result of co-morbid social anxiety. In contrast,
FaceMaze is a promising, cost-effective training program in
facial expression production that is engaging for the child
and that can be conducted in safe, familiar setting.
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