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Abstract 

 
In the whole world, the proportion of aged population is 
increasing day by day. To fulfill Confucius’ philosophy 
of "treat others' elderly and youth as if they are our family 
members", we proposed an intelligent web-based agent 
which is able to conduct daily life conversation with the 
elders. Based on psychological theory, we classify the 
participants of the experiment into three types using 
K-means. A decision tree is trained based on the 
information gain during the process of classification. We 
also implemented a web-based software agent which is 
visually alive and is able to interact with the elders 
through visual and audio context. Such agent can be 
accessed virtually from any location on the planet and is 
able to have conversation and interaction with the elders 
to keep them from being bored. The trained decision tree 
serves as the brain of the web-based agent to classify the 
type of the elders as the conversation goes on and provide 
the appropriate questions or choices for the 
human-machine interaction. Through large-scale 
experiments we found that the combination of web-based 
agent and the trained decision tree works satisfactorily for 
the purpose of care-giving to the elderly. 
 
Keywords: k-means, decision tree, web-based embodied 
conversational agent 
 
1   Introduction 
According to the statistics of the aged population from 
CEPD in the world, around 2050, the proportion of 
population over 65 years old will reach to 30%. Hence, 
how to help our elders to live successfully after they retire 
is becoming more and more important. 
     The goal of this study is to help the elder people 
stay healthy and happy in their daily lives with 
technologies. Specifically speaking, we implemented a 
web-based embodied software agent with built-in 
machine intelligence. The proposed web-based agent is 
able to interact with people using visual (text) and audio 
(Text-to-Speech, TTS) cue. It is able to tell a story, ask 
questions or even sing a song to the elders during the 

process of interaction. To achieve this goal, the proposed 
web-based agent needs to have machine intelligence to 
determine what should be the next thing to say to the 
subject which is appropriate or helpful. We choose to 
apply a popular machine learning method, decision tree, 
as our classification scheme in the proposed agent. 
     Decision tree is an effective method for 
classification. It has the advantages of high readability, 
low cost, robustness when dealing with noise, and is often 
used as a good tool for decision support. Hence, in this 
study we proposed to use decision tree as the “brain” of 
the web-based agent. 
 
2   Related Work 
 
 

 
Figure 1 An example of structure of Interactive Drama 

Meta-Language (IDML) 
 
2.1 BACKGROUND 
The work about elderly care system can be roughly 
divided into two categories: physiologically and 
psychologically. For the physiological elderly care system, 
the main focus is on how to assist the elderly to live 
happily and conveniently at home. If, unfortunately, 
accidents happened, the elderly care system should be 
able to detect such event and call for help immediately 
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without users’ intervention. Because the accidents that 
occur most frequently on elders (at home environment) 
are falling, there is a huge amount of research work 
devoted to fall detection in indoor environment. There are 
many researchers who used tri-axial accelerometers with 
threshold algorithm for fall detection [1]-[3]. Such 
algorithms simply raise alarms when the acceleration 
value detected by the sensor exceeds preset threshold. 
There are several sensors with hardware built-in fall 
detection [4]-[6], and their accuracy is about 80%. 
Recently, Lai et al. proposed a method that provides 
adaptive body posture analysis for elderly-falling 
detection [7]. They explored detection of body behavior 
modes and accidental falling incidents by using 
collaborative sensors to more accurately detect each 
elderly person’s tendencies regarding motion and to 
determine the most likely injured parts of the body in a 
falling incident. In 2011, Lai et al. proposed to use several 
tri-axial acceleration sensor devices for joint sensing of 
injured body parts [8]. They distributed the tri-axial 
sensors over various body parts and collect the data 
through wireless transmission. Their method is able to 
determine the level of injury, and provide more 
information to medical personnel for the follow-up 
judgment.  
     On the other hand, it seems that there does not exist 
too many prior works related to psychological care for the 
elderly. In 2012, Morie et al. demonstrated the research 
result of “Coming Home” project at University of 
Southern California’s Institute for Creative Technology 
[9]. This project was designed to help returning US 
military personnel who suffer frequently from 
psychological and physical challenges. They 
implemented an ambitious storytelling activity that 
reinforces the positive ideals for which a warrior stands, 
by presenting historical figures from the past that 
illustrate those qualities. They have also created an 
interactive authoring system to allow users to make their 
own story to populate the SL storytelling space. Although 
visualized and experienced in world, the authoring tools 
and repository for most of the narrative content are 
web-based. This piece of work is so far the only existing 
work that is very similar to the proposed system. 
However, the main targeted users in this paper are the 
elderly who need to be cared. The psychological 
characteristics between these two groups (the elderly and 
US veteran) are quite different, which makes our work 
unique. In this perspective, the research work presented in 
this paper is a pioneer in the field of software agent based 
psychological care-giving system. 
 
2.2 IDML 
Interactive Drama Meta-Language (IDML) is an 
interactive script description language which is based on 
XML. Its structure involves Drama Block (DB), Act 
Block (AB), and Scene Block (SB).   
     DB is the top level management of the script that 
contains all members of the sub-screen in script. It is 
executed when script is activated and it also manages the 
sub-screen selection process. AB is the second level 

management of script that contains all members in 
sub-screen. It controls the order of appearance of ECA. 
SB is the bottom level management of script that defines 
the expression, lines and other fundamental elements 
when ECA performs. 
     Figure 1 shows an example of the structure. When 
the script is executed, the web-based agent opens DB01 
and reads AB01 which is showed first. Then, the agent 
finds SB01 which appears next in AB01 and executes it. 
When AB01 is end, the screen of the agent will display 
the branch of script to interact with the script viewer (the 
elderly) and let them decide what to perform next by 
themself. We listed the definition of the labels and 
description as following: 
 

 
Figure 2 DTD of DB 

 
Figure 2 shows DTD of DB. The definition of each label 
is: 
l DB_id: Unique identification name of DB. 
l DB_description: The description for the script. It is 

the outline of drama. 
l Start_AB: It is executed first when the script is 

activated. 
l Button_set: A group of labels. It is used as 

components that the viewer can use to interact with 
the agent. It will display a button with pre-defined 
label when the drama goes to a breakpoint to let 
viewer decide what to perform next. 

l Button: members in Button_set. Each Button 
represents a unique option. 

l Text: the textual description on the button. 
l Trigger_AB: The script to be executed once the 

corresponding button is selected. 
 
2.3 Embodied Agent 
In the field of artificial intelligence, an embodied agent 
usually refers to an interface agent that is represented by 
graphical humanoid or animation. Ananova and Microsoft 
agent are two of the most representative examples. 
     Embodied conversational agent is an intelligent 
user interface (UI). The goal of the graphical embodied 
conversational agent is to integrate gesture, face 
expression and voice to engage face-to-face interaction 
between human and machine. Figure 3 shows embodied 



conversational agent saying “how are you?” to the user 
while waving its hand. Such UI provides higher 
friendliness and users tend to accept such interactive 
model more easily. 
 

 
Figure 3 An example of an embodied 

web-based agent 
 

 

 
Figure 4 The example of using 
embodied conversational agent for 
human machine interaction. 
 

     Figure 4 shows that the proposed embodied agent 
uses markup languages (e.g. VHML, CML, AML.) as a 
bridge between editing tool and performing tool. 
Specifically, the IDML that we used in our experiment is 
based on XML (Figure 4). We used codes written with 
IDML to control the sequence of the scenes, dialogue 
content, as well as the button sets. 

 
3   System Design 
The proposed system constructed decision tree using 
supervised learning method to implement the core 
structure for the purpose of caring for the elderly. We 
gathered information about personal characteristics of the 

subjects using questionnaire that is designed to collect 
their preferred activities. 
     Our subjects consists of the elders from “Muyi 
Lutheran Church” in Taichung. The collected data is 
shown in Table 1: 
 

Table 1: Training set 
ID Healthy <Mind | 

Notice 
Nurse> 

Activity 

1 yes yes game 
2 yes no chat 
3 no  chat 
4 no  chat 
5 no  chat 
6 yes yes music 
7 yes yes sport 
8 yes yes sport 
9 yes yes sport 

10 yes yes sport 
11 yes no pray 
12 yes yes sport 
13 yes yes sport 
14 yes yes music 

 
 
3.1   The HLC algorithm 
The purpose of Hierarchical class Label Classifier (HLC) 
algorithm is to create hierarchical category labels of a 
Decision Tree (DT) from training data. It follows the 
standard guidelines of the generic DT framework and 
typical DT induction like ID3 and C4.5. However, 
traditional algorithm computing DT entropy cannot 
measure entropy of categorical labels when the DT has a 
hierarchical structure. Therefore, we use HLC algorithm 
[10] to solve this problem.  
     The HLC algorithm is shown in Figure 5 which 
solves the aforementioned problem. 
     In Figure 6, the selected event in level 3 is not 
included in our data. It only provides a node for selected 
path of DT. Therefore, Level 4 will be represented using 
the data and number of L3 and the selected event will be 
assumed that it does not exist. 
 

 
Figure 5 HLC algorithm 

 



 
Figure 6 An example of a decision tree constructed by 
training data set 
 
     In Figure 7, [CHT] stands for the total number of 
nodes (not including event selection) in Figure 6. Ln 
stands for level n and mn stands for number of nodes of 
level n. 
 

 
Figure 7 The relationship between hierarchical levels and 
nodes. 
 
3.2 Attribute Selection Measurement 
 
3.2.1 Information Gain 
Let Info(D) denotes the amount of information in the 
current setup (categorical labels) of the decision tree D. It 
is called Entropy.      
 

 

 
Figure 8 Formula for Information Gain value. 
 

Table 2: Difference between V1 and 
V2 node 

 
Gain Info(D) Info!"#$%!(D) Info!"#$(D) 

Health 0.7221 0.7214 -0.0007  
Mind 0.2381 0.7214  0.4833 

 
In formula shown in Figure 8, the attribute with higher 
entropy is more suitable for the higher level of splitting 
node. In Table 2 we saw Gain(Health) = 0.7221 bits > 
Gain(Mind) = 0.2381 bits. Therefore, the attribute Health 
is more suitable than attribute Mind for the top splitting 
node. 
 
3.2.2 Hierarchical entropy 
 
Hierarchical entropy is denoted by Hentropy(V!) and 
computed by Eq. (1). 
P !,!  is the probability of data in random D(𝑉!) belonging 
label 𝐿 !,!  and it can be estimated by 𝑃 !,! =
𝐷 !,!,! / 𝐷 𝑉! .  

 
Hentropy V! = − 𝑃 !,! 𝑙𝑜𝑔!𝑃 !,!

!"
!!!

!
!!! ×𝑊!   (1)  

where   k = h-‐H S! + 2                                               
 
     Let W!  be the weighting coefficient of level L! 
in DT Tree CHT.   L! is the root of CHT and its 
weighting is 0. We assume W!,W!,W!,W!,…    ,W! is a 
sequential number and W! = 1.. Table 3 shows the value 
of W! = 1. where h is between 3 and 5. 
 

Table 3: the weight value of 𝑊! and h 
between 3 and 5 

h = 3  h = 4  h = 5  
𝑊! 0 𝑊! 0 𝑊! 0 
𝑊! 2/3 𝑊! 3/6 𝑊! 4/10 
𝑊! 1/3 𝑊! 2/6 𝑊! 3/10 

  𝑊! 1/6 𝑊! 2/10 
    𝑊! 1/10 

 
𝑊! = ℎ − 𝑖 + 1 × !

! !!!
 ,     where i > 1 

     𝐷  is the total number of data records of all nodes 
in decision tree and 𝐶!,      !  is the total number of data 
records of nodes belonging to class 𝐶!. 
 
3.2.3 Obtaining the value of hierarchical information.  
 
We determine whether an attribute is a good splitting 
node in the decision tree by its hierarchical information 
gain. To compute the hierarchical information gain, a 
testing attribute (𝒂𝒓) is selected to split the current node 
(𝑽𝒃) and we denoted it as H-inforGain 𝒂𝒓,𝑽𝒃 . It stands 
for the subnode obtained by using testing attribute (𝒂𝒓) to 
split the current node (𝑽𝒃). We use the following example 
to illustrate the computational process. 
     Assume L(1, 1) is the cutting measurement point 
for V1 and L(2, 2) is the cutting measurement point for 
V3. Entropy V1 = 0.4211  bits > Entropy V3 = 0, so 
V1 is more suitable than V3 to be as the splitting node of 
the top level shown in Table 4. 
 
 
 

[CHT] = 9	  
L1 = {L(1, 1)  and  m1 = 1}	  
L2 = {L(2, 1), L(2, 2)  and  m2 = 2}	  
L3
= {L(3, 1), L(3, 2), L(3, 3), L(3, 4), L(3, 5), L(3, 6)  and  m1
= 1}	  



 
Table 4: The comparison of the 

entropy between node V1 and V3 
 H-inforGain

𝑎! ,𝑉!  
Hentropy
𝑉!  

! !!
! !!!"#  !""  !  

Hentropy
𝑉!  

𝑉! 0.4211 0.3478 -0.0733 
𝑉! 0 0 0 

 
 

 
Figure 9 Formula for Hierarchy information Gain 
 
3.3 Analysis and Measurement of Personality Traits of 
the Elderly using K-means 
 
In this study, we used the pre-test sample as cluster 
analysis of personality traits of the elderly. Cluster 
analysis is based on K-means method and it divides the 
elderly into three types: avoidant, anxious and secure 
[11]. 
     We use SPSS 12.0 as a tool for simulation and 
analysis and there are totally 14 elders as our pre-test 
samples. Most of the subjects are senior members of 
Muyi Lutheran Church in Taichung. 
     Figure 10 shows all valid testing samples are 
located on the cluster of type secure. There are two 
possible reasons for this: (i) the elder members of the 
church and the seekers are all belonged to type secure. (ii) 
five testing samples are missing who may belong to other 
types of personality traits, and they refuse to answer the 
questionnaire. The system is implemented based on the 
assumption (i). 
 
4   System Implementation 
 
 
4.1   Implementation Tools 
In this study we used Interactive Drama Authoring Tool 
(IDAT) to edit the script of the embodied web-based 
agent. The technology and architecture of IDAT shown in 
Figure 11. 
     Figure 12 shows the architecture of the proposed 
system. On the server side, the system developers 
(indicated as author) gathered training data from a small 
number of elders. Using the training data, a decision tree 
is trained. The decision tree tells what the best question is 
to use to properly address different types of the elders. 
Based on such information, the system developers are 
able to develop IDML scripts using IDAT visual editor. 
The collection of usable IDML scripts is called IDML 
document, and it is stored on an IDML web server. 
     On the client side, before an elder can successfully 
use the system, a web-based agent plugin called “client 
ECA engine” has to be installed on the browser on the 
client computer. The client ECA engine contains (1) 

IDML interpreter (2) JMF driver and (3) Microsoft Agent 
driver. It received the IDML scripts from the web server, 
interpret the script, and render the corresponding motion 
video of Microsoft Agent on the screen. The elders can 
interact with the embodied web-based agent with text (by 
typing) and voice (through speech recognition and 
synthesis), as if the embodied web-based agent is a live 
person inside the computer. Such system architecture has 
the advantage of high extendability and scalability. It 
allows a large number of users to use it concurrently as 
long as the network bandwidth is large enough. Also, it 
provides high flexibility. The system developer can adjust 
the IDML script depending on the need of the user and 
the change will immediately be seen on the client side. 
 
 

 

 

 

 
Figure 10 Cluster distribution of the psychological type 

of the subjects after performing k-means 
     
 

 Visual editor ECA engine 
Program 
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ECA engine 
platform 

X Microsoft 
Agent 

Execution 
Environment 

JVM JVM, 
JMF2.1 

Operating 
system 

Windows XP Windows XP 

Figure 11 Related technologies and tools of the 
system development 
 
      
      

 



 
Figure 12 System architecture of Psychological care for 

the Elderly (PCED) 
 
4.2   System Script 
In this study, we collected many small games and 
exercises for human memory training, in order to deal 
with the problem of degradation of bodily functions of the 
elderly. On the other hand, we also tried to design 
programs in psychological levels to help the elders to play, 
pray and chat with the machine in order to fulfill various 
needs inside each individual elder. 
     Nostalgia therapy is one of the treatment for senile 
dementia which happens often on the elders. In this study, 
we included the concept of nostalgia therapy and used 
something they should have been familiar with as a 
stimuli to help them recall the ancient memory. It helps 
the elderly to activate the brain and slow the speed of 
degradation. 
     The music therapy can reduce anxiety of people 
and help them become more positive. The effect of such 
therapy has been strongly supported by clinical 
experience and academic research. 
 

 
Figure 13 Psychological care script and XML Script 

 
 
     In this study, it is observed that using embodied 
web-based agent to have dialog with the elders based on 
the dialog script suggested by decision tree (examples 
shown in Figure 13, 14, 15 and 16), assisted with 
animated facial expression, body language and gesture to 
show sympathy and agreement to the elders, would 
greatly enhance the motivation of the elderly to interact 
with computers and increase trust between human and 
machine. Given the universal predicament of shortage of 
the human labors of social workers in Taiwan, it is a 
promising direction to strive for. 
 

 



 
Figure 14 Psychological care script and XML Script 

 
      
     After the script compilation is finished using IDAT, 
a piece of XML script will be generated automatically. 
The generated XML codes covers various settings of the 
entire scene, selection scheme of role-playing, dialog 
content, voice and image file path. For voice files, it 
supports MP3 and WAV format. For image files, it 
supports JPG, GIF, PNG, WMV, MPG, MPEG and SWF 
format. In the future, the generated XML scripts can be 
used as an importance reference source for large scale 
knowledge base. 
     During the system implementation, we collected 
many old Taiwanese pop songs ranged among several 
decades in order to help the elderly to recall their 
memories of good times, as well as positive experience. 
We hope through the proposed system, the elderly can be 
helped to have higher self-esteem, self-confidence and 
become more satisfied about their life. 
     Proverbs 17:22 says “A glad heart makes a healthy 
body, but a crushed spirit makes the bones dry.” Such 
in-sightful words have been verified through our 
experiment in scientific manners. 

 
Figure 15 Psychological care script and XML Script 

 

 
Figure 16 Psychological care script and XML Script 

 

 

 

 

 



5   Analysis of Results 
By the construction of the training set data, we trained a 
DT of the whole care-giving process and we found that 
using information gain to select the splitting attribute for 
the decision tree (the higher the information gain, the 
better it is to be used as a higher level splitting node) is 
the best training algorithm for the decision tree growing 
process for the purpose of this study. 
     In the following sub-section we will illustrate the 
experimental results to show the effectiveness of the 
proposed system. In general, the ways to evaluate the 
feasibility of a new system include (1) cross validation 
and (2) using questionnaire. For cross validation, the 
experiments need to be performed several times in order 
to acquire reliable samples or feedback of the users’ 
behaviors, for example, rating score or purchase records 
of the users. After the sample acquisition, the 
experimenter needs to divide the sample data into training 
samples and test samples, usually with the proportion of 
90% and 10%. Such practice is called “ten-fold cross 
validation”. In our experiments, the number of training 
sample is 14, and the number of test sample is two. 
     For data acquisition by questionnaire, we design 
and distribute questionnaire among elders who have been 
the users of the proposed system. It is important to set a 
clear goal in advance for what we would like to 
investigate through the questionnaire. For score analysis, 
besides using average value of the users’ feedback, we 
will also refer to standard deviation of the score of each 
questions to judge the reliability of the feedback data. In a 
normal situation, the distribution of the feedback score 
should resemble a Gaussian, centered at the mean score 
of the gathered answer. 
 
5.1   Experimental Environment 
In this study, the experiment is conducted as using the 
proposed system for the psychological care for the elders 
in Muyi Lutheran Church in Taichung. In this church, the 
number of the elders (including elder Christians and elder 
seekers) is around 30~40. Among them, 15 elders were 
willing to participate in our experiment. 
     We used SPSS v12 for data analysis, including 
calculation of mean, standard deviation, data validation 
and missing data estimation. 
 
5.2   Questionnaire Design 
The design of the questionnaire is based on the following 
aspect: 
l Recommendation quality: the function of the 

system needs to fit the preference and needs of the 
users. 

l System usability: the system has to provide an 
appropriate user interface so that it is easy for the 
user to interact with it. 

l UI (user interface) efficiency: the system has to be 
designed well so that the users can be guided to 
look for the function he/she needs. Therefore, the 
more straight-forward the user interface is, the 
better it would be. 

l System goal: the goal of the system is that the mood 
of the users will be cheered up after interacting with 
it. 

l User analysis: we would like to collect 
experimental data to see if the system 
usability and users’satisfaction is closely 
related to the individual psychological 
characteristics or preference. 

     The questionnaire is designed to allow the user to 
pick one from five levels of satisfaction for each question. 
The five levels include: (1) strongly disagree (2) disagree 
(3) OK (4) agree (5) strongly agree. Each level is 
associated with a score in order for quantitative analysis 
in later stages. 
     There are totally 15 questions. Question 1~4 
collected the users’ feedback about system usability and 
UI satisfaction. Questions 5, 8, 9, 10 and 11 collected 
users’ feedback about system satisfaction and acceptance. 
 
5.3   Result Analysis 
In this sub-section, we presented the statistical results of 
the users’ feedback about UI, system usability and system 
satisfaction. The summary of the statistical information of 
the collected questionnaire is shown in Table 5. The 
detailed statistics of the feedback to each question is 
shown in Table 6. 
     In question 1~4, we would like to get feedback of 
the user about UI design. 
     For question 1: “Is the system designed in a way 
which is easy and straight-forward to use?”, the average 
of the score is 4.47 with standard deviation 0.743. It 
means that the users’ responses are roughly among (4) 
agree and (5) strongly agree, without too much internal 
differences. 
     For question 2: “Is it convenient to use the 
system?”, the average of the score is 4.67 with standard 
deviation 0.488. It means that the users’ responses are 
roughly among (4) agree and (5) strongly agree, without 
too much internal differences. 
     For question 3: “Is the font of the system big 
enough for you to see it clearly?”, the average of the 
score is 4.53 with standard deviation 0.743. It means that 
the users’ responses are roughly among (4) agree and (5) 
strongly agree, without too much internal differences. 
 

 
 



 

 
Table 5: Summary of the collected questionnaire. 

Que
s-tio
n 
No. 

Valid 
Instance 

Invalid 
Instance 

Total 

Nu
m-b
er 

Per
-ce
nt 

Nu
m-b
er 

Per
-ce
nt 

Nu
m-b
er 

Per
-ce
nt 

1 15 100
% 

0 0% 15 100
% 

2 15 100
% 

0 0% 15 100
% 

3 15 100
% 

0 0% 15 100
% 

4 15 100
% 

0 0% 15 100
% 

5 14 93.
3% 

1 6.7
% 

15 100
% 

6 14 93.
3% 

1 6.7
% 

15 100
% 

7 14 93.
3% 

1 6.7
% 

15 100
% 

 
     For question 4: “Does the system seem lively and 
interesting to you?”, the average of the score is 4.60 with 
standard deviation 0.632. It means that the users’ 
responses are roughly among (4) agree and (5) strongly 
agree, without too much internal differences. 
     In question 5~7, we would like to get feedback of 
the user about users’ satisfaction toward the proposed 
sys-tem. 
     For question 5: “Do you feel that this system helps 
you to be happier in any way?”, the average of the score 
is 4.47 with standard deviation 0.834. It means that the 
users’ responses are roughly among (4) agree and (5) 
strongly agree, without too much internal differences. 
     For question 6: “Are you satisfied when using this 
system?”, the average of the score is 4.67 with standard 
deviation 0.488. It means that the users’ responses are 
roughly among (4) agree and (5) strongly agree, without 
too much internal differences. 
     For question 7: “Are you willing to use this system 
again in the future?”, the average of the score is 4.36 with 
standard deviation 0.929. It means that the users’   
responses are roughly among (4) agree and (5) strongly 
agree, without too much internal differences. 

 
 
6   Conclusion 
In this paper, the major goal is to implement a practical 
information system for elder-caring by combining the 

technology of embodied web-based agent and decision 

tree classification. During the system implementation, we 
integrated our proposed system with sociology, 
psychology as well as nostalgic therapy approach. Since 
the subjects who are being cared in our system are all 
senior Christians, in the future, we plan to put into the 
system with the functionality of Bible study or Bible 
keywords searching in order to further help them not only 
physically or mentally, but also spiritually. 
 
Acknowledgement 
The authors would like to thank National Science Council, 
Taiwan for the partialy financial support under Grant 
NSC 100-2221-E-035-038-MY2. 
 
References 
[1] K. Bourke, C. N. Scanaill, K. M. Culhane, J. V. 

O'Brien, and G. M. Lyons, An optimum 
accelerometer configuration and simple algorithm 
for accurately detecting falls, In Proceedings of the 
24th IASTED international Conference on 
Biomedical Engineering, pp. 156–160, 2006.  

[2] M. Kangas, A. Konttila, P. Lindgren, P. Winblad, 
and T. Jamsa, Comparison of low-complexity fall 
detection algorithms for body attached 
accelerometers, Gait & Posture, vol. 28, issue 2, pp. 
285–291, 2008.  

[3] J. Chen, K. Kwong, D. Chang, J. Luk, and R. 
Bajcsy, Wearable Sensors for Reliable Fall 
Detection, Proceedings of the 4th International 
Conference on Body Area Network (BodyNets), 
Apr. 2009.  

[4] AlertOne Services, Inc. iLife™ Fall Detection 
Sensor. http://www.falldetection.com, 2008-07-18.  

[5] K. Doughty, R. Lewis, and A. McIntosh, The 
design of a practical and reliable fall detector for 
community and institutional telecare, Journal of 
Telemedicine and Telecare, vol. 6, pp. 150–154, 
2000.  

[6] N. Noury, P. Barralon, G. Virone, P. Boissy, M. 
Hamel, and P. Rumeau, A smart sensor based on 
rules and its evaluation in daily routines, In 
Proceedings of the 25th Annual International 
Conference of the IEEE, Engineering in Medicine 
and Biology Society, vol. 4, pp. 3286–3289, 2003. 

[7] C. F. Lai, Y. M. Huang, J. H. Park, and H. C. Chao, 
Adaptive Body Posture Analysis for 

Table 6 Statistical analysis of users’ feedback for each question. The statistics include: mean, median, variance, 
standard deviation (Std), minimal value (Min), maximal value (Max), range, inter-quartile range (IQR), skewness 

and kurtosis. 
Question No. Mean Median Variance Std Min Max Range IQR Skewness Kurtosis 

1 4.47 5.00 0.552 0.743 3 5 2 1 -1.074 -0.106 
2 4.67 5.00 0.238 0.488 4 5 1 1 -0.788 -1.615 
3 4.53 5.00 0.552 0.743 3 5 2 1 -1.335 0.471 
4 4.60 5.00 0.400 0.632 3 5 2 1 -1.407 1.264 
5 4.47 5.00 0.695 0.834 2 5 3 1 -2.012 4.867 
6 4.67 5.00 0.238 0.488 4 5 1 1 -0.788 -1.615 
7 4.36 5.00 0.863 0.929 2 5 3 1 -1.529 2.029 

 



Elderly-Falling Detection with Multisensors, IEEE 
Intelligent Systems, vol.25, no.2, pp.20,30, 
March-April 2010 

[8] C. F. Lai, S. Y. Chang, H. C. Chao, and Y. M. 
Huang, Detection of Cognitive Injured Body 
Region Using Multiple Triaxial Accelerometers for 
Elderly Falling, IEEE Sensors Journal, vol.11, no.3, 
pp.763,770, March 2011 

[9] J. F. Morie, E. Chance, K. Haynes, and D. Purohit, 
Storytelling with Storyteller Agents in Second 
Life®, 2012 International Conference on 
Cyberworlds (CW) , pp.165,170, 25-27 Sept. 2012 

[10] H. F. Li, Elderly Self-Esteem and Reminiscence 
Therapy, The Journal of Nursing, 2003,pp. 
98-102 . 

[11] W. C. Wu, The relationship of social support and 
depression of attachment styles of elderly People, 
Department of Psychology Thesis, 2006. 

[12] T. H. Chen, K. Y. Chin, J. M. Lin, and Z. W. Hong, 
IDAT: An IDML-based Interactive Drama 
Authoring Tool, Department of Computer Science 
and Information Engineering Thesis, 2009. 

[13] X. H. Yan, K. Y. Chin, and J. M. Lin,  The Design 
of an Interactive Scenario-Based Multi-Agent 
Architecture for Supporting Mobile Computing 
Environment,” The 12th Mobile Computing 
Workshop, 2006, pp. 388-393.  

[14] J. X. Peng, Gerontological psychology, Wiseman 
Publishing Co., Ltd., 2008. 

[15] Y. N. Shih and Y. S. Su, Music Therapy and Elder 
Care, Taiwan Journal of Gerontological Health 
Research, 2007. 

[16] R. T. Huang, K.Y. Chin, and J. M. Lin, An 
Interactive Agent System for supporting 
Knowledge-based Recommendation – A Case 
Study on an e-Novel Recommender System, 
Department of  Computer Science and 
In-formation Engineering Thesis, 2009. 

[17] Y. L. Chen, H. W. Hu, and K. Tang, Constructing a 
decision tree from data with labels, Expert System 
with Applications, 2009. 

[18] M. Heerink, B. Kröse, B. Wielinga, and V. Evers, 
Measuring the influence of social abilities on 
acceptance of an interface robot and a screen Agent 
by elderly users, Proceedings of the 2009 British 
Computer Society Conference on Human-Computer 
Interaction, 2009. 

[19] P. C. Santana, M. D. Rodríguez, V. González, L.A. 
Castro, Á. G. Andrade, and J. Favela, A 
Web-Based System to Facili-tate Elders 
Communication with Their Families Living Abroad, 
Proceedings of the Sixth Mexican International 
Conference on Computer Science, 2005. 

[20] S. Marsella and J. Gratch, Modeling Coping 
Behavior in Virtual Humans: Don’t Worry, Be 
Happy, the 2nd International Joint Conference on 
Autonomous Agents and Multiagent Systems, 2003. 

[21] R. Unland, M. Calisti, and M. Klusch, Jadex-A 
BDI-Agent System Combining, 2005. 

 


