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Abstract—Daily living skills are difficult for autistic children to
learn because they have low motivation in learning new things.
Some research has developed virtual environment to assist
parents and teachers teaching autistic children daily living
skills, educators still need to spend a lot of time in preparing
personalized and more realistic tasks for children to practice.
This research designs an activity generation mechanism by
measuring activity's weight with fuzzy theory and rough set’s
help. Based on the activity generation mechanism and weight
measurement, a Flash-based situated game is developed for
providing autistic children personalized and non-repeated
practices of activities of daily living. An evaluation plan of the
pilot for verifying the effectiveness of the game and gathering
the users' (include teachers, parents, and the autistic children)
perceptions toward the game and the game-play is designed.

Keywords-  Game-based learning, autism, children,
preadolescence, activities of daily living, knowledge structure,
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To live independently, we need to learn how to do some
activities by ourselves, such as dressing and bathing. These
activities usually have more than one step to do. Take
dressing for example, we have to get clothes from closets
and drawers first, then we put on clothes, outer garments,
and manage fasteners [2]. These activities are called
activities of daily living [3]. Activities of daily living are
usually developed in our childhood [8]. However, parents
having autistic children report that they have difficulty in
teaching their children to do activities of daily living [4].

To help autistic children learn the procedure of doing
activities of daily living, Pierce and Schreibman (1994) use
photo books for displaying the procedures of activities of
daily living [7]. The educators take pictures for each step of
activities and each photo book can be used to teach children
the procedure of one activity of daily living. Autistic children
can follow the pictures in the photo books and do the
activities of daily living in the authentic environment.
Shipley-Benamou and colleagues (2002) take videos of the
procedures of doing activities, such as making orange juice
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and mailing a letter, and ask autistic children to learn the
procedures by watching the videos before they do the
activities in the authentic environment [9]. The experiment
results show that autistic children can learn the procedures
effectively through watching videos and remember the
procedures after a month without watching the videos again.

Autistic children may make mistakes when they do
activities of daily living in the authentic environment. Some
mistakes may hurt autistic children themselves, such as
cutting their fingers by the broken cup. To make the
authentic environment safer to autistic children, Charitos and
colleagues (2000) use virtual reality technology to build a
virtual house with five rooms, including bathroom, kitchen,
child's room, parents' room, and living room [1]. The
scenario starts when the avatar comes home. Autistic
children can control the avatar to do different activities in the
proper room, for instance, washing hands in the bathroom,
setting table in the kitchen, dressing themselves in parents'
room, helping parents clean the living room, and making
his/her bed in the child's room [6]. If autistic children don't
know the correct procedures of doing activities, they can
choose animation mode to watch animations played by the
virtual character in order to learn how to do the activities [1].

However, children may have problem in adopting the
procedure that they had learnt in real life, because the real
world may be different from the authentic environment or
virtual house. For example, the activities of "having
breakfast"” and "having lunch" are similar, and their
procedures are "taking the tableware to the table from the
cupboard", "putting foods onto the plate", "feeding yourself",
"taking the tableware to the kitchen sink", "washing the
tableware", and "putting the tableware back to the cupboard".
Once John, an autistic child, forget to do one step in the
"having breakfast" activity, such as forgetting "cleaning the
dish (one of the tableware used in the activity)", the
procedures of doing the next activities in the real world are
needed to be changed a little bit.

In the real world, the unwashed dish is needed for
"having lunch" activity, and it is needed to be washed before
John putting foods on it. In other words, the procedure of
"having lunch" activity is then influenced by the dish's status.
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John needs to insert "cleaning the dish" in the beginning of
the original procedure of "having lunch" in order to fit the
new situation. The pedagogical methods used in the previous
research can not change the instructional materials to adopt
the new situation automatically. Educators need to put new
photos in photo books, take another video, or create new
animation for the new situation. All these works take time
and increase educators' burden.

To solve problems mentioned above, the objective of this
research is to design a web-based Flash educational game
which can generate activities automatically to give children
immersive learning experience based on the time in the game
world as well as the object's status, for example, it would be
weird to ask children to do "having breakfast" activity in the
morning of a day in the game; or to ask children to "clean
dinning table" when there is nothing on the table. To reach
the goal, we need to consider the solutions of two issues:

e Issue #1: how to store the activities of daily living and
relevant objects in the real world?

Issue #2: how to generate activity of daily living for
children to give them personalized immersive and non-
repeated learning experience in the game world?

To solve the two issues, this research first analyzes the
attributes of activities of daily living and uses final state
automata to store and represent the relations among activities,
and rough set to classify and represent activity relevant
objects. Secondly, with the help of fuzzy theory and self-
designed weighting measures, the research is capable of
picking up most appropriate activity for children according
to the time in the game and all objects in the virtual world.
This mechanism not only makes children practice what they
have leant, but also gives them opportunities to see more real
situations which are either caused by incomplete procedure
they had done previously or being realistic scenario as real
world has; their ability of doing activities of daily living can
then be sharpened further by having such chance to apply
every possible skill that they have leant to solve real world
complex situation.

This paper is organized as follows. Section 2 introduces
the finite automata used to store and represent the relations
among activities. The fuzzy-based activity generation
mechanism and the weighting measures are designed and
discussed in Section 3. Section 4 shows the game and
Section 5 discusses the evaluation plan that we plan to verify
the usability of this game.

1L

The relations of activities of daily living can be presented
by a finite state automaton as Fig. 1 shows. During weekdays,
we "have lunch" after "breakfast". If the day is Wednesday,
the next activity of "having lunch" is "cleaning living room".
After reach the state of "going to sleep", the machine will go
back to the initial state of the automaton, i.e., "eating
breakfast".

ACTIVITIES IN THE GAME WORLD
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Figure 1. Finite state automaton presents the activities of daily living.

To accomplish an activity of daily living, children must
do a series of tasks, i.e., the procedure of doing activity of
daily living. For example, children have to "wash hand" first
according to the procedure of "eating breakfast" activity.
After that, they have to "prepare the tableware" before
having breakfast on the table and "clean the table" after they
finish their breakfast. Once the children complete all tasks in
the procedure, the activity is considered complete and they
are ready to do another activity.

Each task in the procedure will change the object status
in the game world as it always does in the real world. Each
object in the procedure has its required final-status for
completing the activity. For example, the fork has to be clean
and placed on the table for "eating breakfast". And yes, an
activity may cover more than one stage such like "prepare
tableware", "clean the table", and "wash the dishes" in the
"eating breakfast" activity.
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Figure 2. Example of random-status of all objects and final-status
requirement of "prepare tableware" stage.

Fig. 2 shows an example of the concept of object's status
changes when the children do an activity. First of all, the
game generates objects' status including their state and
location randomly. In this example, as we can tell from the
final-status requirement on the right of Fig. 2, the goal of this
stage is to wash the fork, bowl and spoon and then place
them on the table.

However, the bowl is used and on the table right now and
the spoon is still in the cupboard. In this case, the children
need to clean the bowl and put the bowl back on the table,
and, furthermore, to bring the spoon from the cupboard to the



table. Once the children completed both tasks, the current-
status of fork, bowl, and spoon will meet the required final-
status of this stage. The new current-status can be used for
the next process to generate new quests.

To make children receive personalized and non-repeated
real life like activities, this research first randomizes the
status of all objects in the game world at the very beginning
when children start to play. By playing the game, the
children will receive different quest that asking them to do
particular activity according to the time in the game world as
well as the object status in the virtual world. The children's
actions in doing different activities may make their game
worlds become more differently from others, those different
game worlds lead them to receive different activities even
further.

I1I.

With the help of finite state automaton and required
object's final status settings, we can store the activities of
daily living and provide children quests of doing variety of
activities in the game world. However, as we can tell from
Fig. 1, actually we have two further questions come out, they
are which activity should be chose to ask the children doing
and what should be the follow-up activity once the children
finish one.

This research uses time in the game world as a trigger
and uses fuzzy membership function value to weight
activities. Fig. 3 shows partial of activities of daily living, in
this figure, we can see two activities: "eat breakfast" and "eat
lunch". Although from seven to nine is the time period of
"eating breakfast", sometimes people may have their
breakfast a little bit of earlier or later. So the fuzzy
membership values in-between nine to eleven and earlier
than seven are still larger than zero and less than one.
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Figure 3. Time-based activities of daily living and its fuzzy membership
functions.

Beside the time-based fuzzy membership values which
we can calculate for every possible activities according the
current time in the game world, we still need to consider the
object's status as well for generating activities for children.
The reason that we can not just count on the time and its
fuzzy membership value is because of "learning". The
game's goal is to help autistic children learn how to do
activities of daily living, so it would be meaningless if the
game picks up an activity that the children don't need to do
anything further, for instance, the children don't need to
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"prepare the tableware" for "eating breakfast" if the table in
the game world already has clean fork, bowl, and spoon on
itself.

This research tries to categorize all objects and its status
into rough sets - positive set, boundary set, and negative set,
based on activities as Fig. 4 shows.

[_J: Positive
I Negative
[E23: Boundary

oy R
Cutlery

Eat Lunch

Figure 4. Using rough sets to categorize objects based on activities of
daily living and its stages.

In such case, we can count how many negative and
boundary set items that each activity (and its stage) has, in
order to know how complex the tasks would be to complete
the stage (or the whole activity) when the children are being
asked to do the particular activity.

By combing both of the time-based fuzzy membership
values (i.e., time-based weight) and the object status based
rough set ratio (i.e., object status based weight), the game
can pick-up appropriate activity for the children and the
activity is personalized and non-repeated one.

IV. THE GAME

With the proposed activity generation mechanism, we
develop a Flash-based situated game which generates
personalized quests for the children (i.e., particularly the
autistic children in this research) automatically. When
children enter the game in the beginning, the game will
randomly generate status for all objects as well as the time in
the game world. The game then calculates the time-based
weights for all activities and picks activity candidates by
ignoring those activities whose time-based weight value is
zero. For those activity candidates, the game further
measures its rough set ratios according to the current status
that associated objects have. At the end, the game chooses
one activity from the candidates and asks the children to
complete the correspondent tasks as Fig. 5 shows.

The game is developed by Flash ActionScript 3.0 and
connects to mySQL database via Java Server Pages. The
mySQL database stores eleven activities in four rooms:
dinning room (with kitchen), living room, bedroom, and
washroom. Fig. 5 shows an activity in the dining room.
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Figure 5. An activity in the dinning room.

The activity in Fig. 5 is "You have finished breakfast,
please help mother clean the table and wash the fork in the
sink." The activity description is shown in area A, which
asks the children to bring the fork to the sink in the kitchen
and wash it. The dinning room is shown in area C, in which
some moveable objects like spoon and fork are there. If users
want to go to the other room, they can click the buttons with
room name in area D or the adjacent room button (i.e., button
E) in the main scene. The children can move objects to any
place of this room directly. If they want to move objects to
another room, then they need to move the objects to area B
first before they go to anther room. When the children
complete the activity, they can click button F to tell the game
in order to start next one.

V.

The research has done experiment design to verify if the
game is useful to autistic children. To make autistic children
fill comfortable during the experiment, the experiment
location is their home. The entire experiment plans to spend
four weeks and the tasks in every week are listed in Table I.

EVALUATION PLAN

TABLE L TASKS IN EVERY WEEK

Week Tasks

Parents sign consent letter

Children do pre-test

Parents help children fill questionnaire
Introduce the game to parents and children
1st game play

2nd game play

3rd game play

4th game play

Children do post-test

Parents fill questionnaire

Parents help children fill questionnaire
Interview with parents

The consent form is going to ask parents to sign in the
first week before we start the experiment. In the consent
form, we also explain the experiment purpose, spending
time, and the required gaming environment. Children are
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going to do 15 multiple-choice items related to the activities
of daily-living as the pre-test. Furthermore, a questionnaire
has five parts (include demographics, computer game
attitude, digital literacy, computer anxiety, and computer
coping strategies) is asked children to fill up. Due to autistic
children sometime may require help in filling questionnaire,
we ask parents to be with them all the time during the
experiment.

After the children filled questionnaire, we will give the
children and their parents a user guide of the game play.
Beside the user guide, we are also going to show them how
to play the game and use the functions. In the first game play,
autistic children are accompanied with parents and
researchers. In the followed game plays, parents and
researchers are asked to now help the children but only
watch their game-play.

After the last game play, the children need to take post-
test in which all items come from the pre-test but with
different order. Also, we are going to ask both parents and
children to fill up a questionnaire regarding their acceptance
of such game. We will have interviews further with parents
to get more detailed perceptions and suggestions toward the
game and the usability of improving children's ability of
doing activity of daily living.
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