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Abstract
This study using facial emotion recognition to observe the emotional changes of the elderly
playing the pillow type device. According to past studies, positive emotions and improvement
of health status has a strong correlation. In this study, three elderly people were randomly
selected to play the pillow-type devices. Each play time was 10 seconds and each elderly people
played the pillow-type devices two times. During the playing time, it was recorded, through the
facial image analysis to observe the subject has positive changes in facial emotions or not. This
study using FaceReader 7.1 to analyze and compare the facial emotion changes between first
and second of the subject's play pillow device, the recognized facial emotions are divided into:
(1) Neutral, (2) Happy, (3) Sad, (4) Angry, (5) Surprise, (6) Scare, (7) Disgusted, and (8)
Positive emotion (happy emotion value minus maximum negative emotion value).
The results of the study showed that the three subjects had less facial emotions during the
first play and showed more negative emotions. In the second play, the facial emotions of the
three subjects increased, happy emotion become more and sad emotion was decreased, and
other emotions are similarly. From the analysis results, the emotional changes in the face of the
elderly are changed from the original faceless or even negative emotion to the multi-emotion
and the positive emotion.
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Abstract: Gaming is a useful tool for elderly care to conduct minor physic activities enthusiastically. The goal of this study
is to explore the differences of elders gaming with two different types of controlling devices, button-type and pillow-type.
Comparing to the more traditional button-type device, the pillow-type device has the potential to be easily adopted and
encourage more intense and frequent uses with its familiarity in daily life. Subjects play an interactive video game “Pillow
fight”, which is designed to be embedded control with common objects, pillows. Two modes, competitive and cooperative,
are played with both types of devices. The “Competitive” game requires players to compete by planting vegetables and
fruits in the same garden with a time limit, and the “Cooperative” game requires players to complete the beats and melody
to a song. The “Cooperative” game of movement is more regular in nature comparing to the relatively exiting movement for
the “Competitive” game. Video footages of subjects are captured and we use OpenPose to extract the joint movement data
from the video footages. OpenPose is a real-time multi-person pose estimation system that is able to detect human body,
hand, facial, and foot keypoints (in total 135 keypoints) on single images. In this research, only the 25 body joints are
considered. Specifically, The OpenPose system employs a feedforward network, a convolutional network initialized by the
ﬁrst 10 layers of VGG-19, to simultaneously predict a set of 2D conﬁdence maps of body part locations and a set of 2D
vector ﬁelds (called affinity fields) which encode the degree of association between the parts. The conﬁdence maps and the
afﬁnity ﬁelds are parsed by greedy inference to output the 2D joints for all people in the image. Subjects’ feedbacks are also
surveyed as another reference of user opinion. Using the OpenPose joint activity and survey data, we evaluate the difference
between two types of devices and the correlations between joint activities and surveyed preferences and discuss the
potential benefit of elderly gaming with pillow-type control.
Keywords: Elderly game, interaction device, Open pose, AI, pose estimation.

INTRODUCTION

Gaming is a useful tool for elderly care to conduct minor physic activities enthusiastically. Whicomb (1990)
showed that most elders are very interested in digital games, especially in the learning opportunities offered by
institutional activities. The goal of this study is to explore the differences of elders gaming with two different
types of controlling devices, button-type and pillow-type. Comparing to the traditional button-type device, the
pillow-type device could be easily adopted and encourage more intense and frequent uses with its familiarity in
daily life. Video footages of subjects are captured and we use OpenPose (Cao et. al., 2017, Wei et. al., 2016) to
extract the joint movement data from the video footages. Comparing the extracted data of joint movements, two

different devices are compared statistically. In methodology section, the details of the pillow-type device and
OpenPose are provided, and we discuss the analysis results in the finding section.

METHODOLOGY

The pillow-type device used in this study is “Pillow Fight”, an interactive product designed by Prof. Lim’s
digital design lab, CKfablab. “Adaptive” is the main design concept for this product, which technology is
embedded in common objects and emphasizing game controls that anyone can easily adapt to, regardless of age.
Design team changed the complicated video game’s input device to familiar houseware- Pillow, players can play
with 'Punching' as shown in Figure 1.
“Pillow Fight” includes two different games: “Competitive” and “Cooperative”:
•
The “Competitive” game requires players to compete by planting vegetables and fruits in the same garden.
There is a time limit, which adds to the game’s competition and excitement, and rewards are given to the
player with the most plants at the end.
•
The “Cooperative” game requires players to complete the beats and melody to a song. Many older adults
move slower, and if they are unable to catch up with the rhythm of the melody, they may hit the pillow to
the beat of the song that is played during the game; this sort of movement is more regular in nature.
Children, on the other hand, may hit the pillow to the melody of the song.
A traditional button type device is also used for the same game modes for comparison purposes.

Figure 1. Pillow Fight Device, “Competitive” mode and “Cooperative” mode

With the video footages of subjects playing each game mode with each devices captured, we introduced a pose
estimation software, OpenPose, to collect the movement data of subjects’ key joints. The OpenPose was used in
this research to recognize 2D coordinates of body joints to evaluate performance of elderly playing games using
a pillow-type interface and a button-type interface. OpenPose is a real-time multi-person pose estimation system
that is able to detect human body, hand, facial, and foot keypoints (in total 135 keypoints) on single images. In
this research, only the 25 body joints were considered as shown in Figure 2. Six joints from hands to shoulders
are the major focus of analysis since the games played mostly involving arm movements. The OpenPose system
employs a feedforward network, a convolutional network, to simultaneously predict a set of 2D conﬁdence maps
of body part locations and a set of 2D vector. The conﬁdence maps and the afﬁnity ﬁelds are parsed by greedy
inference to output the 2D joints for all people in the image.

Figure 2. OpenPose 25 body joints. (CMU-Perceptual-Computing-Lab, 2019)

The joints location data are used to perform analysis in order to further understand subjects’ preferences on
devices. Standard deviation is used to represent vertical and horizontal movement. Also, speed is also calculated
for detail comparisons. Hypothesis tests are performed to provide statistical understanding on using different
interfaces. A questionnaire is also surveyed after the experiment. However, we discover that the subjects are not
capable to provide valid responses for the questionnaire. Therefore, the questionnaire is not considered in this
case study.

FINDINGS
Gameplay footages of eight subjects are filmed, where only seven of the subjects played with the pillow device
and four of the subjects used the button-type device due to the time constraint. Footages were recorded in
segments and each segment is treated as a set of playthrough data. Because of the accuracy of OpenPose
software is able to provide, some footages may have not enough stastistical confidence to be a valid set of data.
Hence, the sample size could vary in different parts of results.
Table 1 shows the mean of pooled set of x and y axis standard deviation for each type of device on six major
joints, where shows no significant difference regarding to the devices. Although statistically insignificant, on
average, the standard deviation, representing movement in the footages, of all six major joints has less
movement for both x and y axis. However, it is very like the differences between subjects dominating the results.
Hence, three of the eight subjects performed both type of devices. Table 2 lists the paired-t tests on the mean of
pooled set of x and y axis standard deviation for each type of device on six major joints using the three subject
data. Due to the extremely small sample size, the results are still not statistically significant. However, joint 4, 5,
and 7 have higher movement while using pilow-type device, and higher vertical movement on joint 2, 3, and 6 is
also observed. Playing with a more familiar device shows the potential for deeper involvement of elderly gaming.
Using paired-data from same subjects provides some evidence that users could have higher movements, where
more experiments is required to obtain a statistically confident conlusion. Based on the same OpenPose data,
speed of the major joints leads to similar conlcusion.

Table 1. Pooled T-test of standard deviation for each type of device

Type
x2
y2
x3
y3
x4
y4
x5
y5
x6
y6
x7
y7
Pillow 14.08 54.04 24.60 62.62 45.19 70.53 13.36 35.64 24.98 60.91 22.91 37.90
Button 53.11 68.38 75.96 77.74 98.66 83.70 47.46 51.17 71.56 59.64 86.49 62.30
t
-0.93 -0.29 -0.88 -0.39 -0.84 -0.51 -0.94 -0.55 -0.83
0.04 -1.01 -0.98
p0.37
0.77
0.40
0.71
0.42
0.62
0.37
0.59
0.43
0.97
0.34
0.34
value
Table 2. Paired T-test of standard deviation for each type of device

Type x2
y2
x3
y3
x4
y4
x5
y5
x6
y6
x7
y7
D
-301
5317
1253
5730
327
1989
-439
524
-749
3086
175
1347
t
-0.99
1.01
1.00
1.00
1.03
0.99 -1.00
1.01 -0.96
1.01
1.00
0.98
p0.43
0.42
0.42
0.42
0.41
0.43
0.42
0.42
0.44
0.42
0.42
0.43
value

CONCLUSIONS

This study compared two types of elderly gaming devices, innovative pillow-type and traditional button-type,
with recorded footages, and extracted major joints movement using OpenPose for statistical comparisons. While
using paired data to exclude the influence of different subjects, the results shows there are some enhancement on
users’ movement according to the standard deviation and speed. The enhancement could come from familiarity
of the device from daily life. However, with current small sample size, the result is statistically insignificant and
our team has planned for more experiments.
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