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Abstract. There is a growing need for a user-friendly human-computer interaction
system that can respond to various characteristics of a user in terms of behavioral
patterns, mental state, and personalities. In this paper, we present a system that
generates appropriate natural language spoken messages with customization for
user characteristics, taking into account the fact that human behavioral patterns
usually reveal one’s mental state or personality subconsciously. The system is
targeted at handling various situations for five-year old kindergarteners by giving
them caring words during their everyday lives. With the analysis of each case
study, we provide a setting for a computational method to identify user behaviroal
patterns. We believe that the proposed link between the behavioral patterns and
the mental state of a human user can be applied to improve not only user
interactivity but also believability of the system.

Keywords: natural language processing, customized message generation,
behavioral pattern recognition, speech synthesis, ubiquitous computing.

1 Introduction

The improvement of robot technology, along with a ubiquitous computing
environment, has made it possible to utilize robots in our daily life. These robots
would be especially useful as a monitoring companion for young children and the
elderly who need continuous care, assisting human caretakers. Their tasks would
involve protecting them from various in-door dangers and allowing them to overcome
emotional instabilities by actively engaging them in the field. It is thus not surprising
that there is a growing interest in a user-friendly human-computer interaction system
that can respond properly to various characteristics of a user, such as behavioral
pattern, mental state, and personality. For example, such a system would give
appropriate warning messages to a child who keeps approaching potentially
dangerous objects, and provide alarm messages to parents or a teacher when a child
seems to be in an accident.

In this paper, we present a system that generates appropriate natural language spoken
expressions with customization for user characteristics, taking into account the fact
that human behavioral patterns usually reveal one’s mental state or personality
subconsciously. The system is targeted at handling various situations for five-year old
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kindergarteners by giving them caring words during their everyday lives. For this
purpose, the system first identifies the behavioral patterns of children with the help of
installed sensors, and then generates spoken messages with a template based approach.
The remainder of this paper is organized as follows: Section 2 provides the related work
on an automated caring system targeted for children, and Section 3 analyzes the
kindergarten environment and sentences spoken by kindergarten teachers related to the
different behavioral patterns of children. Section 4 describes the proposed behavioral
pattern recognition method, and Section 5 explains our implemented system.

2 Related Work

Much attention has been paid recently to a ubiquitous computing environment related
to the daily lives of children. UbicKids [1] introduced 3A (Kids Awareness, Kids
Assistance, Kids Advice) services for helping parents taking care of their children.
This work also addressed the ethical aspects of a ubiquitous kids care system, and its
directions for further development.

KidsRoom [2] provided an interactive, narrative play space for children. For this
purpose, it focused on the user action and interaction in the physical space, permitting
collaboration with other people and objects. This system used computer vision algor-
ithms to identify activities in the space without needing any special clothing or devices.

On the other hand, Smart Kindergarten [3] used a specific device, iBadge to detect
the name and location of objects including users. Various types of sensors associated
with iBadge were provided to identify children’s speech, interaction, and behavior for
the purpose of reporting simultaneously their everyday lives to parents and teachers.

u-SPACE [4] is a customized caring and multimedia education system for door-
key children who spend a significant amount of their time alone home. This system is
designed to protect such children from physical dangers with RFID technology, and
provides suitable multimedia contents to ease them with natural language processing
techniques.

In this paper we will examine how various types of behavioral patterns are used for
message generation and speech synthesis. To begin, we analyze the target
environment in some detail.

3 Sentence Analysis with the Behavioral Patterns

For the customized message generation and speech synthesis system to react to the
behavioral patterns of children, we collected sentences spoken by kindergarten teachers
handling various types of everyday caring situations. In this section, we analyze these
spoken sentences to build suitable templates for an automated message generation
system corresponding to the behavioral patterns. Before getting into the analysis of the
sentences, we briefly examine the targeted environment, or a kindergarten.

3.1 Kindergarten Environment

In a kindergarten, children spend time together sharing their space, so a kindergarten
teacher usually supervises and controls a group of kindergarteners, not an individual
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kindergartener. Consequently, a child who is separated from the group can easily get
into an accident such as slipping in a toilet room and toppling in the stairs, reported as
the most frequent accident type in a kindergarten [5]. Therefore, we define a
dangerous place as one that is not directly monitored by a teacher, such as an in-door
playground when it is time to study. In addition, we regard toilet rooms, stairs, and
some dangerous objects such as a hot water dispenser and a wall socket as a
dangerous place too.

It is reported that 5 year old children are very easy to have an accident rather than
among 0 to 6 year old children [5]. Thus we collected spoken sentences targeted for 5
year old children with various types of behavioral patterns.

3.2 Sentence Analysis with the Repeated Behavioral Patterns

In this section, we examine a corpus of dialogues for each such characteristic
behavioral pattern, compiled from the responses to questionnaire for five kindergarten
teachers. We selected nine different scenarios to simulate diverse kinds of dangerous
and sensitive situations in the kindergarten targeted for four different children with
distinct characteristics. Table 1 shows the profile of four children, and Table 2 shows
the summary of nine scenarios.

Table 1. Profile of four different children in the scenario

Name Gender  Age Personality Characteristics

Cheolsoo  Male 5 active does not follow teachers well
Younghee Female 5 active follows teachers well

Soojin Female 5 active does not follow teachers well
Jieun Female 5 passive follows teachers well

Table 3 shows a part of responses collected from a teacher, according to the
scenario as shown in Table 2. It is interesting to note that the teacher first explained
the reason why a certain behavior is dangerous in some detail to a child, before just
forbidding it. But as it repeated again, she then strongly forbade such a behavior, and
finally, scolded the child for the repeated behavior. These three steps of reaction for
the repeated behavioral patterns happened similarly to other teachers. From this
observation, we adopt three types of sentence templates for message generation for
repeated behavioral patterns.

Table 2. Summary of nine scenarios

Summary

Younghee is playing around a wall socket.

Cheolsoo is playing around a wall socket.

Soojin is playing around a wall socket.

Cheolsoo is playing around a wall socket again after receiving a warning message.
Cheolsoo is playing around a wall socket again.

Jieun is standing in front of a toilet room.

Cheolsoo is standing in front of a toilet room.

Jieun is out of the classroom when it is time to study.

Cheolsoo is out of the classroom when it is time to study.
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Table 3. Responses compiled from a teacher

# Response

1 QJ3ofl FAEE W77 327] vl 2 Foll &5 ol

Adsian

o

ot of

(Younghee! It is very dangerous putting something inside a wall socket because

the current is live!!!)

2 AFok Aol

Aol FAE

B4 Holgod figsua

WA 7 T3 A A B Am g FolA IATET 7 Eeka
(Cheolsoo~ I said last time that it is very dangerous putting something inside a
wall socket! Please go to the playground to play with your friends!)

3 Fxlotn
HEHSY 7L 23kl A

ZAE TAH0A

Fdste A
=9 ¢ HulE A

ol s Flol=
&= 82 AAPsEa oF&

(Soojin!! It is very dangerous playing around a wall socket!! Because Soojin is
smart, I believe you understand why you should not play there! Will you promise

me!!

4 AR AR LT A ool 89 - AFE3} o o) sk

(Cheolsoo, did you forget our promise? Let’s promise it again together with all the

friends!!)

5 Aol o) A WL hEU AP A5 B B Aol HA
e Aok Aok 1@ S 7 A 714 4 vhal L
(Cheolsoo! Why do you neglect my words again and again? I am just afraid that
you get injured there. Please do not play over there!!)

To formulate the repetition of children’s behavior, we use the attention span of 5
year old children. It is generally well known that the normal attention span is 3 to 5
minutes per year of a child’s age [6]. Thus we set 15 to 25 minutes as a time window
for repetition, considering personality and characteristics of children.

3.3 Sentence Analysis with the Event

In the preceding section, we have given an analysis of sentences handling repeated
behavioral patterns of children. In this section, we focus on the relation between the

Table 4. Different spoken sentences according to the event and behavior

Event  Behavior  Spoken sentence
none  walking Aok Adstvzt =AlskA el
(Cheolsoo) (because it is (be careful)
dangerous)
none  running Aok sk ol A <t g,
(Cheolsoo) (in a toilet (running is forbidden)
room)
slip walking Aok sk ol A H <k 9.
(Cheolsoo) (in a toilet (running is forbidden)
room)
slip running A o) o 2| u},
(Cheolsoo) (do not run)
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previous events and the current behavior. For this purpose, we constructed a speech
corpus as recorded by one kindergarten teacher handling slipping or toppling events
and walking or running behavioral patterns of a child. Table 4 shows the variation of
the spoken sentences according to the event and behavioral patterns that happened in
a toilet room.

If there was no event with a safe behavioral pattern, then the teacher just gave a
normal guiding message to a child. But with a related event or dangerous behavior,
the teacher gave a warning message to prevent a child from a possible danger. And if
the event and dangerous behavioral patterns appeared both, the teacher delivered a
strong forbidding message with an imperative sentence form. This speaking style was
also observed similarly in other dangerous places such as stairs and playground slide.
Taking into account these observations, we propose three types of templates for an
automated message generation system. The first one delivers a guiding message; the
second one a warning message; and the last one a forbidding message in an
imperative form. Next, we move to the sentences with a time flow that is usually
related to the schedule management of a kindergartener.

3.4 Sentence Analysis with the Time Flow

In a kindergarten, children are expected to behave according to the time schedule.
Therefore, a day care system is able to guide a child to do proper actions during those
times such as studying, eating, gargling, and playing. The following spoken sentences
shown in Table 5 were also recorded by one teacher, as a part of a day time schedule.
At the beginning of a time schedule, a declarative sentence was used with a timing
adverb to explain what have to be done from then on. But as the time goes by, a
positive sentence was used to actively encourage expected actions. These analyses
lead us to propose two types of templates for behavioral patterns with the time flow.
The first one is an explanation of the current schedule and actions to do, similar to the
first template as mentioned in Section 3.2. And the second one encourages actions
itself with a positive sentence form which is similar to the last template in Section 3.3.

Table 5. Different spoken sentences according to the time flow

Time Spoken sentence

13:15 Aok Aee  FAdsty 2 Al Zkolo] Q.
(Cheolsoo) (now) (to gargle) (to go) (it is time)
A5e0p A & Aztolel 4
(Cheolsoo) (to gargle) (to go) (it is time)
Homof ok x] A sl 7} A;

13:30 (Cheolsoo) (to gargle) (let’s go)

Before the generation of a customized message for children, we first need to track
the behavioral patterns. The following section illustrates how to detect such
behavioral patterns of children with wearable types of sensors.
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4 Behavioral Pattern Detection

In the present experiment, we use six different kinds of sensors to recognize the
behavioral pattern of kindergarteners. The location information recognized by an
RFID tag is used both to identify a child and to trace the movement itself. Figure 1
shows pictures of the necklace style RFID tag and a sample detected result. Touch
and force information indicates a dangerous behavior of a child with installed sensors
around the predefined dangerous objects. The figure on the left in Figure 2
demonstrates the detection of a dangerous situation by the touch sensor. And the
figure on the right indicates the frequency and intensity of the pushing event as
detected by a force sensor installed on a hot water dispenser. The toppling accident
and walking or running behavior can be captured by the acceleration sensor. Figure 3
shows an acceleration sensor attached to a hair band to recognize toppling events, and
the shoe to detect a characteristic walking or running behavior. Walking and running
behaviors can be assessed by the comparison of the magnitude of an acceleration
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Fig. 3. Acceleration sensor attached hair band and shoe



120 H.-J. Lee and J.C. Park

. Accelerometer Exam -[0] x| s Accelerometer Exal (0] s Accelerometer Exal (0]

PhidgelAcoslerometer Attached Phicgetéccelerometer Attached Phicgetéccelerometer Attached

SerialNurber - 15876 Seriallumber : 15876 Seall or it

Fig. 4. Acceleration magnitude comparison to determine behavior: stop, walking, running

Fig. 5. Temperature and humidity sensors combined with RFID tag

value as shown in Figure 4. We also provide the temperature and humidity sensors to
record the vital signs of children that can be combined with the RFID tag as shown in

Figure 5.
5 Implementation

Figure 6 illustrates the implementation of a customized message generation system in
response to behavioral patterns of children. At every second, six different sensors

RFID l | touch force l | acceleration l | humidity l | temperature
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Fig. 6. System overview
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report the detected information to the behavioral pattern recognition module through a
Phidget interface which is controlled by Microsoft Visual Basic. The behavioral
pattern recognition module updates this information to each database managed by
Microsoft Access 2003, and delivers the proper type of a message template to the
message generation module as discussed in Section 3. Then the message generation
module chooses lexical entries for a given template according to the children’s
characteristics, and encodes the generated message into Speech Synthesis Markup
Language (SSML) for a target-neutral application. This result synthesized by a
Voiceware text-to-speech system in a speech synthesis module providing a web
interface for mobile devices such as PDAs (the figure on the right in Figure 7) and
mobile phones. Figure 7 shows the message generation result in response to the
behavioral patterns of a child.

6 Discussion

The repetition of behavioral patterns mentioned in Section 3 is a difficult concept to
formulate automatically by computer systems or even by human beings, because the
usual behavioral pattern appears non-continuously in our daily lives. For example, it
is very hard to say that a child who touched dangerous objects both yesterday and
today has a serious repeated behavioral pattern, because we do not have any measure
to formulate the relation of two separate actions. For this reason, we adopted a normal
attention span for children, 15 to 25 minutes for a five-year old child, to describe the
behavior patterns with a certain time window. It seems reasonable to assume that
within the attention span, children perceive their previous behavior with its reactions
of kindergarten teachers. As a result, we implemented our system by projecting the
repetition concept to an attention span for customized message generation suitable for
the identification of short-term behavioral patterns. To indicate long-term behavioral
patterns, we update user characteristics as referred to in Table 1, with the enumeration
of short-term behavioral patterns. For example, if a child with neutral characteristics
repeats same dangerous behavior patterns ignoring strong forbidding messages within
a certain attention span, we update ‘neutral’ characteristics as ‘does not follow well’.
It then affects their length of attention span interactively, such as 15 minutes for ‘a
child who does not follow teachers’ directions well’, 20 minutes for ‘neutral’, and 25
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minutes for ‘a child who follows teachers’ directions well’. By using these user
characteristics, we can also make a connection between non-continuous behavioral
patterns that are over the length of normal attention span. For example, if a child was
described as ‘does not follow well’ with a series of dangerous behavioral patterns
yesterday, our system can identify the same dangerous behavior happening today for
the first time as a related one, and is able to generate a message to warn about the
repeated behavioral pattern.

Furthermore, we addressed not only personal behavioral patterns, but relative past
behaviors done by other members also, by introducing an event as mentioned in
Section 3.3. This event, a kind of information sharing, increases the user interactivity
and system believability by extending knowledge about the current living
environment.

During the observation of each case study, we found an interesting point such that
user personality hardly influences reactions on behavioral patterns, possibly because
our scenarios are targeted only at guidance of kindergarteners’ everyday lives. We
believe that the apparent relation can be found if we expand target users to more aged
people like the elderly, and if we include more emotionally inspirited situations as
proposed in the u-SPACE project [4].

In this paper, we proposed a computational method to identify continuous and non-
continuous behavioral patterns. This method can be used to find some psychological
syndromes such as AHDH (attention deficit hyperactivity disorder) for children as
well. It can also be used to identify toppling or vital signal changes such as
temperature and humidity in order provide an immediate health care report to parents
or teachers, which can be directly applicable for the elderly as well. But for added
convenience, a wireless environment such as iBadge [3] should be provided.

7 Conclusion

Generally, it is important for a human-computer interaction system to provide an
attractive interface, because simply providing repeated interaction patterns for a
similar situation tends to lose one’s attention easily. The system must therefore be
able to respond differently to the user’s characteristics during interaction. In this
paper, we proposed to use the behavioral patterns as an important clue for the
characteristics of the corresponding user or users. For this purpose, we constructed a
corpus of dialogues from five kindergarten teachers handling various types of day
care situations to identify the relation between children’s behavioral patterns and
spoken sentences. We compiled collected dialogues into three groups and found the
syntactic similarities of sentences according to the behavioral patterns of children.
Also we proposed a sensor based ubiquitous kindergarten environment to detect the
behavioral patterns of kindergarteners. We also implemented a customized message
and speech synthesis system in response to the characteristic behavioral patterns of
children. We believe that the proposed link between the behavioral patterns and the
mental state of a human user can be applied to improve not only user interactivity but
also believability of the system.
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