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Abstract
Autism Spectrum Disorder (ASD) is a condition affecting
70 million children worldwide. Due to delays in diagnosis
and imbalances in coverage, it is necessary to develop new
methods of care delivery for use outside of clinical
settings. In this paper, we present a mobile charades-style
game, Guess What?, used for crowdsourcing the
acquisition of structured video from children with ASD for
behavioral disease research. By analyzing facial affect in
response to various prompts, we demonstrate that
engagement and facial affect can be quantified and
measured using real-time image processing algorithms: an
important first-step for future therapies, diagnostics, and
outcome measures based on home video. Our study of
thirteen subjects reveals that game sessions displaying
faces to the player produced the most emotive facial
expressions in the player by a considerable margin. Videos
from the younger neurotypical group contained 73.9%
more frames with emotion in this category, compared to
the older group with ASD. Moreover, results from all
categories indicated 20.7% less facial engagement among
older children with ASD compared to younger children
with no diagnosis. We will attempt to replicate these
findings in a larger cohort in future work.
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Introduction
Autism spectrum disorder (ASD) is a developmental
disability that affects 70 million children worldwide,
including 750 thousand American children under the age
of ten [25, 7]. The prevalence of ASD has increased over
the years, with the rate of incidence climbing from 1 in
125 to 1 in 68 US children within the last 5 years [25, 7].
Most children with ASD struggle to make eye contact,
recognize facial expressions, and engage in social
interactions with their family and peers [19, 21, 12].
Standard methods of ASD diagnosis include the Autism
Diagnostic Observation Schedule (ADOS) [23] and
Autism Diagnosis Instrument Revised (ADI-R)[24]. These
instruments are delivered in clinics and require hours of
administration by specialists. The long length of standard
exams as well as the need for administration in a clinical
facility contribute to delays in diagnosis and an imbalance
in coverage of the population needing attention. There is
an urgent need to develop new methods of care delivery
that can appropriately empower children and caregivers.
We present Guess What? : a mobile game based on the
mechanics of the popular charades game, Heads Up. In
Guess What?, children act out various images shown on
the phone while being recorded by their parents, who
attempt to guess the prompt. The parent labels the video
by tilting the phone after they have correctly identified
what their child is expressing, at which time another
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Figure 1: Frames from video captured during a game session
are binned by emotion. Various prompts are explored for their
efficacy in evoking emotive facial expressions.

prompt is presented until time is up. Using this method of
crowdsourced at-home video acquisition, we are
developing a computer vision database of children with
ASD as well as neurotypical children as they express
themselves in response to various prompts: emojis, facial
expressions, and more abstract prompts such as sports
games, occupations, and animals. Our prior work
[30][8][29] has demonstrated the efficacy of mobile video
phenotyping approaches for children with ASD. Similarly,
the game mechanics of Guess What? are well-suited for
ASD research because they facilitate video capture in a
semi-structured environment in which the child’s face is
almost always centered correctly in the frame. The system
architecture is shown in Figure 1; our system collects
videos as children react to various prompts shown on the

phone while being recorded using the device’s front
camera. Subsequently, facial-expression recognition
algorithms [18] are employed to analyze video frames
individually, recognizing emotion and monitoring facial
engagement in real-time during the game session.

Related Work
A large body of work in recent years has explored the use
of technology to enhance therapy for children with Autism
Spectrum Disorder (ASD). For example, one study
revealed that watching a television series designed to
enhance emotion comprehension on a daily basis can
improve the emotion comprehension of young children
with ASD [17]. An example of a novel therapy is the
ECHOES project, which presents a technology-enhanced
learning (TEL) environment that facilitates acquisition
and exploration of social skills by typically developing
children and children with ASD [5]. Multitouch interfaces
for behavioral therapy have been found to increase
collaboration skills in children with ASD [4, 15, 16].
Frameworks for designing games to teach emotion to
children with ASD have also been shown to be successful
[26, 29, 30]. Others have explored the use of wearable
systems and affective computing as companion tools for
social-emotional learning and the use of the recorded
videos for defining a process to collect, segment, label,
and use video clips from everyday conversations [27, 28].

System Description
After account creation, parents are directed to the
deck-selection screen. The possibilities include: emoji,
animals, faces, sports, occupations, and a random
category which selects among all of these. Naturally, the
choice of prompts dramatically affects the quality of the
incoming video data; showing the child photos of real
people is asking them to imitate the expression within the

Figure 2: During a gameplay session, the screen is oriented
towards the child. The child will see a prompt and will act it
out using gestures and expressions while being recorded.

photo, while showing a more abstract image such as that
of an astronaut challenges their creativity and
interpretation skills. During the 90-second game session,
the child will attempt to act out the prompt shown on the
device while the parent guesses. After the parent guesses
correctly, they will tilt the phone forward to indicate that
the child has earned a point; the image will then change
and the process will repeat until time is up. If the user
elects to share the footage, it is added to a local buffer
and uploaded to a secure and encrypted IRB-approved
Amazon Web Services S3 bucket in a background process
when the user connects to WiFi.
Video frames are processed using a face tracker algorithm
which attempts to locate the face (if any) within the
frame. When the child looks away from the camera during
a game session, it is likely that the face tracker algorithm
will fail. Therefore, the percentage of frames within a
video in which the face tracker fails can be used as a
general heuristic for a lack of facial engagement by the
child during the game. For those frames in which the face
tracker is successful, a Histogram of Oriented Gradients
technique is used in conjunction with a linear SVM
classifier to classify between eight classic emotions. These

Table 1: Summary of Two Groups of Participants

Group
Group A
Group B

Subjects
8
5

Avg. Age
8.5 years
4.4 years

Std. Dev
1.85 years
0.54 years

ASD
Yes
No

eight emotions include the seven universal emotions
identified by Eckman et al. in [14], as well as a neutral
category. The number of face tracker failures, percentage
of neutral frames, and the percentage of emotive frames
in which the face tracker was successful, are all recorded
and aggregated on a per-subject and per-deck basis. Our
implementation of the emotion classifier used in this work
is based on our prior work by Haber et al. in [18].

Results
A total of thirteen subjects participated in lab sessions in
which they played Guess What? on a Google Pixel phone
running Android 7.1. To ensure consistency, the same
individual, a member of our research staff, administered
each game session. Participants played up to five games
with the following decks: emoji, faces, animals, sports,
and jobs; in several other cases, the impairment or age of
the child made playing the more complex decks
(occupation, sports) infeasible.
Participant demographic information is provided in Table
1. The average age of participants was 6.9 years ± 2.53.
From these subjects, a total of eight were diagnosed with
ASD (Group A), while the remaining five were
neurotypical (Group B). The age difference between the
ASD and neurotypical group was substantial: the latter
was 8.5 years ± 1.85, while the former was 4.4 years ±
.54.

Conclusion
This study has yielded a number of interesting
conclusions. First, we learned that the most emotive
responses are associated with the faces category by a
considerable margin, followed by the emoji category. Jobs
and sports expectedly produced very little recognizable
emotion. The easiest category was animals, as children
almost always expressed the prompt via vocalizations. By
contrast, the jobs and sports categories are the most
difficult. The easiest specific prompts are basic animals:
pig, frog, lion, sheep, as well as several faces such as
disgust and surprise. The most difficult prompts are sports
outside of basketball, baseball, and football, as well as
various occupations (dentist, astronaut).
We also discovered that videos from the faces category
were much more efficacious in producing emotional facial
expressions in children, with far less emotion derived from
emoji-based videos. The most substantial differences
between the two tested populations were also observed in
the faces category. While performance between groups
was similar across most categories, the neurotypical
children scored more points in the faces category despite
being younger. Video the younger neurotypical group
contained 73.9% more frames with emotion in this
category. Moreover, data derived from videos of children
in Group A indicated 20.7% lower amount of facial
engagement across all categories.
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