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Abstract  
This paper presents lessons learned from a preliminary 
study quantifying face contact and corresponding 
physiological reactivity in teenagers with Asperger 
syndrome. In order to detect face contact and 
physiological arousability, we created a wearable 
system that combines a camera with OpenCV face 
detection and skin conductance sensors. In this paper, 
we discuss issues involved in setting up experimental 
environments for wearable platforms to detect face 
contact and skin conductance levels simultaneously, 
and address technological, statistical, and ethical 
considerations for future technological interventions. 
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Introduction 
Certain individuals with high functioning autism (HFA) 
or Asperger Syndrome (AS) report discomfort making 
eye contact with others and puzzlement in inter-
personal or group social life. According to Klin and 
Volkmar [1], individuals with AS have communication 
deficits when incoming stimuli (linguistic, social, and 
contextual) require rapid, online integration of 
information and a flexible response.  

The purpose of the present study was to assess to what 
extent technology could be used to quantify social 
stimuli and the stress response it may elicit [2]. In 
order to accomplish this, we developed a prototype of a 
wearable platform that can detect face contact with 
skin conductance readings. In preliminary tests in a 
real-world conversational situation, we found issues 
and implications for future experimentation, including: 
1) Tips for setting up experimental environments with 
Asperger teens, 2) Wearable platform for detecting face 
contact and skin conductance levels, and 3) Between-
participant face contact data. 

Tips for setting up experimental 
environments with Asperger teenagers 
The Software  
The software system makes snapshots every 2 
seconds. These captured images show the duration of 
face contact detected by the embedded camera with 
skin conductance readings. As shown in the left-side of 
Figure 1, the yellow rectangle means a face is detected 
by the OpenCV face detection software, and the blue 
line in this image tracks skin conductance readings [3]  
from the wireless sensing wristband [4]. The setup time 
for activating the whole wearable system is very quick: 
In four basic calibration and functional tests, the setup 

time took less than 4 min. One goal of our study was to 
find ways to improve this integrated system. 

Explaining the Study 
Experimenters explained that the goal of the study was 
to get input on how our technology could be improved. 
We feel it is imperative that the participants play an 
active, voluntary role in co-creating this technology. In 
the beginning, we introduced the kinds of technology 
intended for the study, including a hat-mounted 
wireless camera and a wristband skin conductance 
sensor. We also introduced the concept of skin 
conductance and arousal measures. The participants 
seemed to grasp the idea best when we simply defined 
the technology as measuring "excitement" vs. 
"boredom” even though those are only two states 
where skin conductance tends to be high or low. 

     

figure 1. [left] a snapshot from the software system 

overlaying OpenCV face detection with skin conductance 

readings from our first prototype of a wearable platform. 

(right) A conversation setting with a participant (red), a 

caregiver (dark green), an experimenter (light green), and an 

observer (gray). 

We customized the hardware settings so the 
participants could act naturally and feel as comfortable 
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as possible. We calibrated the hardware to capture data 
of face contact and skin conductance in the most 
effective way possible. After customizing the placement 
of the sensors, we engaged the participant in a variety 
of ways (such as hand-shaking, small games, 
conversation) to elicit variance in skin conductance. 
During our conversations, we tried prompting the 
participant to shift attention among various people in 
the room to help promote face contact.  

The Caregiver  
As shown in Figure 1(dark green color on the right), a 
caregiver familiar with the participants led the 
conversation. Favorite topics included were the Boston 
Red Sox, pop music, and Christmas gifts. The caregiver 
played an important role in the study. He modeled 
wearing the system for the participants and encouraged 
them to try the technology themselves. He also led the 
conversations, initiating familiar narratives that raised 
different emotional responses  

The Participant  
The participants, as shown in Figure 1(red color), were 
four verbal teen boys with Asperger Syndrome. They 
were asked to express their opinions about wearable 
technologies placed on a hat and on their wrists, and to 
indicate how comfortable or uncomfortable they felt 
while wearing the technology. 

The Observer 
As shown in Figure 1(gray color), we documented our 
sessions via filming and handwritten annotation on the 
frequency, duration, and quality of face contact. This 
observation also included documenting activities around 
the participants to see how they reacted to the 
environment. 

A Wearable Platform for Detecting Face 
Contact and Skin Conductance Levels  
A wearable platform was implemented as the first 
prototype for capturing simultaneous face contact and 
skin conductance levels, as shown in Figure 2.   

 
figure 2. [Top left] A wearable wireless camera mounted on a 

hat. [Top right] Wrist-worn skin conductance electrodes. 

[Bottom] Software utilizes OpenCV face detection (color 

rectangles) and overlays it with skin conductance levels. 

This system was developed for detecting joint attention 
and attention shifting as quantified in the SCERTS 
model [5]. During and after our study we discovered 
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several interesting issues relating to our wearable 
platform, including: 

Lighting Condition 
The wireless cameras we used require stable and 
consistent lighting conditions in order to achieve 
minimum quality for face detection. Multiple lighting 
sources from different angles in the room would have 
made the camera-based vision processing tasks more 
effective. 

Face Contact or Eye Gaze 
The camera moves with head position, not eye gaze. In 
our study, the system recorded face contact, even 
when the children were directing their gaze at the floor, 
or off to the side. The system would be improved if it 
could evaluate eye contact, as well as head position. 

Latency of the Face Tracker 
The face tracking technology can be improved. There 
was some latency (around 0.5~1 second) between 
when the camera was pointed at a face and when the 
tracker responded. There is a trade-off between false 
positive detection and verification of new faces. It was 
relatively hard to find a balance on a wearable system 
due to the inconsistent background and lighting 
condition. 

Range of the Wireless Signal 
The face tracking system seemed to have considerable 
range, around 15 meters, from the receiving base 
station. In the future, the face tracker, in conjunction 
with the skin conductance sensor, could be used to 
measure effects of person-to-person proximity on 
stress level. 

Between-participant face contact data 
We implemented this wearable system to collect face 
contact data from face detection. As shown in Figure 3, 
we observed how our system works in a conversational 
setting. The system captured an annotated frame every 
two seconds. After the study, we had 1) a total amount 
of frames during the conversation (shown as the 
orange bar), and 2) face contact data from OpenCV 
face detection (shown as the green bar). 

figure 3. Face contact data is collected by the wearable 

system (1 frame per 2 seconds) during the conversations with 

four participants.  

We also post-processed the data manually to check for 
3) unqualified frames caused by battery problems, 
loose wires, and other technical problems (shown as 
gray bar), 4) possible social contact frames with head 
or shoulders recognized as having social contact (pink 
bar), 5) undetected faces to be (ideally) improved by 
better environmental conditions or a more practically 
robust face tracker (blue bar), and 6) frames that the 
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participant was looking at himself (red bar). In this 
preliminary study, we observed several issues across 
our participants that suggest future questions to 
address when using wearable vision-based system for 
detecting social contact in conversations. 

Social contact & Face contact 
It was difficult to establish a consistent way in which to 
elicit face contact and physiological reactivity across 
our four participants. This was especially problematic 
given that our participants tended not to pay attention 
to people in a typical and consistent way (e.g. looking 
at people peripherally or without facing them directly).  

Face contact & Face detection 
The camera, mounted on a hat, required a steady and 
consistent orientation to achieve face detection. We 
found some frames where the participants were looking 
at the experimenter, but the camera was not in place to 
capture faces. In these instances, we have to manually 
correct the position to enable the system to function in 
an expected way.  

Practical Social Presence Detection 
For real-world applications, we need a flexible system 
for detecting social presence from eye/face/head 
/shoulder movements. In this study, body movements 
were too unstable to detect faces. In some cases, head 
or shoulder detection might be sufficient for identifying 
social contact. In other cases, we would need very 
precise eyesight detection to accurately quantify eye 
contact. In a follow-up study, we will work on making 
more information transparent in real-time, so that we 
can be aware of what we may need during the study. If 
a precisely calibrated system cannot track real-world 
eye movements, then future work will need to use 

carefully setup environments to provide accurate 
computer vision performance.  

  
figure 4. [left] Participant (A) often looked at self. [right] 

Participant (B) often focused on the wristband. 

Individual Difference in Interests and Styles  
We also observed differences in several domains 
between the four participants we interviewed. On a 
qualitative level, some of the participants were more 
engaged with the technology and the conversation than 
others. In addition, some seemed to enjoy using the 
face-tracker to look at faces, while others spent time 
looking off to the side or to the floor (as shown in figure 
4 [left]) or playing with the wristband sensors.  

When participants felt bored and less engaged with 
experimenters, they tended to shift their attention 
away from the experimenters. From the skin 
conductance level plotted on the video-captured frame, 
we also noticed individual difference on tonic levels 
(comparing the elevation of blue line position in Figure 
4.) 

Real-time Feedback on Arousal Variance 
As shown in Figure 5, participant (B) started with low 
tonic level. As the conversation continued, his skin 
conductance level increased, especially when talking 
about pop music and baseball. As the topic got boring 
for this participant (e.g., talking about the weather), 
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his tonic level decreased. After the study, the caregiver 
suggested that real-time representation of internal, 
physiological states would be helpful in understanding 
students’ arousal states and in teaching self-regulation.  

 

figure 5. Participant(B) shows an active and continuous skin 

conductance response with the longest face contact time 

during the study. 

Conclusion 
The goal for this paper was to provide a series of real-
world problems to researchers in the field of face 
detection and wearable computing. After our study, we 
discovered multiple way to improve our system, as well 
as some of the real-world issues involved in developing 
a practical and precise social contact detection system. 

While our system with OpenCV face detection can be 
carefully calibrated for stable environments when the 
camera is in a fixed location, real-world conversation 
requires more freedom to move. One outcome of our 
study is that we need to build a more flexible system 
that can provide reliable information in real-time.  

Observed skin conductance levels suggested that there 
is potentially useful physiological information to be 
gathered in persons with AS while they are interacting 
with a social partner.  

Overlaying the camera view with skin conductance data 
gave us a visual way to monitor multimodal data in 
real-time when we are conducting an experiment. In 
the future, systematic use of our prototype could be 
initiated to gather skin conductance and face contact 
concomitantly in order to investigate the relationship 
between social presence and arousability.  

Reference 
[1] Klin, A., Volkmar, F. Treatment and intervention 
guidelines for individuals with Asperger syndrome. In A. 
Klin (eds.) Asperger Syndrome, The Guilford Press: 
New York, NY. (2000), 340-366 

[2] Baron, G., Groden, J., Groden, G., Lipsitt, L. Stress 
and Coping in Autism, Oxford University Press, USA. 
(2006) 

[3] Dawson, M., Schell, A., Filion, D. The Electrodermal 
system, chapter 10 in Handbook of Psychophysiology, 
J. Cacioppo (eds), Cambridge University Press (2007) 

[4] Strauss, M., Reynolds, C., Hughes, S., Park, K., 
McDarby, G., Picard, R. The HandWave Bluetooth Skin 
Conductance Sensor, The 1st International Conference 
on Affective Computing and Intelligent Interaction, 
2005, Beijing, China. (2005) 

[5] Prizant, B., Wetherby, M., Rubin, E., Laurent, A. 
The SCERTS Model: A Transactional, Family-Centered 
Approach to Enhancing Communication and 
Socioemotional Abilities of Children With Autism 
Spectrum Disorder, Infants and Young Children, Vol. 
16, No. 4, (2003), 296-316  

 

 


