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ABSTRACT

This thesis presents the results of a study on design and evaluation of tangible
user interface in a computer-based training system for low-functioning autistic children. The
emphasis is on ecase of use, learning efficacy and engagement to learning lesson. Use of TUI
(Tangible User Interface) was compared with WIMP (Windows, Icons, Menus, Pointer) interface
using both a standard computer mouse and a touch screen device. Comparison with a result
obtained from non-computer training by an occupational therapist was also made. The basic shape
and color matching tasks were chosen as a case study. From the experimental result, the case of a
WIMP-based training system using a standard mouse performed poorly in terms of ease of use,
when compared with a TUI-based system. Regarding learning efficacy, experimental results show
that the TUI-based system achieved higher skill improvement, as compared with those obtained
by either the WIMP-based system or the non-computer training method. Furthermore, it was
found that the number of interaction points and richness of interaction affected the level of
engagement to learning lessons. A model is proposed as a tool to evaluate a user interface design
on the level of learning lesson engagement it affects. Guidelines for evaluation and design of TUI

in a computer-based training system for low-functioning autistic children are also provided.
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Abstract- Computer-based training has been applied to
autism spectrum disorder treatment. Most CBT applications
are based on the standard WIMP interface. However, autistic
children have their own unique learning style. They are more
attracted to a tangible user interface device, such as a steering
wheel used in a computer game, instead of a standard mouse. In
this paper, two versions of computer-based training application
for autistic children were compared in terms of learn ability.
One of them is based on a standard WIMP interface, while the
other adopts a tangible user interface. The basic shape
matching task was chosen as a case study. The point-and-click
interaction style was chosen for WIMP interface while the
grasp-and -move style was adopted for tangible user interface.
Both systems display a picture of a randomly chosen geometric
shape and then ask a user to pick one of the provided icons (a
wood block for the tangible UI case) to match the shape of the
object shown on screen. Experiment was carried out to compare
the ease of use of the two interfaces as perceived by autistic
children. The results show that the tangible user interface was
easier and more enjoyable to use than the WIMP interface.

I.  INTRODUCTION

Autism is a disorder of brain function that appears early
in life, generally before the age of three. Children with
autism have problems with social interaction,
communication, imagination and behavior. There is no
cure for autism, however, with appropriate treatment and
education, autistic children can learn and develop a skill in
order to live a normal life in society. Treatment depends
on individual need of a patient. In most cases, a
combination of treatment methods is requiring. Among
autism treatment methods, occupational therapy and
physical therapy are two of the most required autistic
trainings.  Occupational  therapy  helps  improve
independent function and teaches basic skills (e.g.,
buttoning a shirt, bathing, basic shape, color). Physical
therapy involves using physical exercises and other
physical measures (e.g., massage, heat) to help patients
control body movements [5].
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Computers have now become smaller, cheaper, and more
powerful. Many researchers have explored the use of this
technology to assist the treatment and interact with an
autistic child. For example, Dautenhanh et al.[1] in their
Aurora project investigated how an autonomous mobile
robot can encourage children to become engaged in social
interaction, an important aspect of human—human interaction.
Bosseler et al. [7] developed and evaluated a computer-
animated tutor to improve vocabulary learning and grammar
skill in children with autism. Some researchers examined the
effectiveness of virtual reality for autism treatment. For
example, Dorothy Strickland et al.[8] published two case
studies examining whether children with autism would
tolerate wearing virtual reality equipment and could response
to the computer-generated world in the meaningful way.
Leonard et al. [9] employed a virtual reality system. The
system was used to teach autistic children for social skill
treatment on how to find a place to sit with a stranger. Mary
Barry and Ian Pitt [6] provided a guideline for designing
interactive software based on WIMP UI (user interface) for
learners with autism. The results of such research show that
autistic children may prefer interaction with a computer
interface because they because they can actively control it.

In addition to the WIMP and VR-based Uls, other types of
user interface include tangible and mixed reality Uls. In this
paper we explored the use of a tangible Ul for autistic
treatment, as compared with the standard WIMP UI. To our
knowledge, for the case of autistic children, there is no such
comparative study available yet.

II. AUTISM TREATMENT

Autism is not treated with surgery or medicine (although
some people with autism may take medicine to improve
certain symptoms, like aggressive behavior or attention
problems). Instead, people who have autism are taught skills
required for living a normal life. Best results are usually seen



with children who began the treatment when they were very
young. Special education programs that are tailored to the
child's individual needs are usually the most effective form
of treatment by teaching the child to communicate
(sometimes by pointing or using pictures or sign language)
and to interact with others. A treatment program includes
basic living skill as well as any of the following: Behavior
modification, speech therapy, physical therapy, music
therapy, changes in diet, medication, occupational therapy,
and hearing or vision therapy. The same specialists who help
diagnose the condition usually work together to come up
with the best combination of therapies to use in addition to
the educational program [4].

Shape matching game is one method that has been used to
treat basic skill. In conventional shape matching training, an
occupation therapist shows a card containing the picture of
one geometric shape and then asks patients to find and show
the card of similar shape. In another method, a board with
holes of different geometric shapes is introduced to a patient
(see Figure 1). Then, the patient is asked to select appropriate
shape blocks to fit on these holes. In practice, these
conventional treatments are found to be unattractive and
boredom to autistic children. Also, such methods require a
sufficient number of occupational therapists for the treatment
to be effective. Thus, many researchers have developed
application software to address those problems. Most of
them focus on social skill and communication treatment

[11][12].

One of the important factors that affect the efficiency of such
computer-based training applications is a choice of user
interface and interactions style. To our knowledge, except
perhaps the work in [11], there is not much research that
addresses such issue for the case of autistic children. For the
case of normal children, Fail et al.[2] studied on the
comparison of desktop and physical interactive environment
during child play by using hazard room game. The results
show that physical environment is slighly more advantage
than the desktop environment. Based on observation that
autistic children enjoy playing a computer system equipped
with a tangible user interface device, it is suggested that such
device may be better suited to autistic children than a
standard WIMP device (a mouse and keyboard). In this paper,
we report the result of the comparison between two CBT
applications based on WIMP and tangible user interfaces.
The purpose is to help increase the body of knowledge on a
Ul guideline in developing software of autistic children.
With appropriate UI, a CBT program is expected to be more
efficient. This in turn will help solving the problem due to
insufficient number of occupation therapists. It will also
allow some of the training to be carried out in the household.

Figure 1. The snapshot of the shape block set that use for conventional
treatment

III. SHAPE MATCHING TRAINING SYSTEM

The CBT systems for teaching geometric shapes were
developed. They are based on the WIMP and tangible Uls.
Both systems display a picture of a randomly chosen
geometric shape and then ask a user to pick one of the
provided icons (a wood block for the tangible UI case) to
match the shape of the object shown on screen. The detail on
the design of each system is next described.

A. Wimp Interface

The screen shot of the program is shown in Figure 2. From
the figure, for each round, a picture of a geometric shape is
randomly chosen and displayed on the upper part of the
screen. A user is then asked (through narrative voice) to pick
an appropriate shape icon among those appeared at the
bottom of the screen. In selecting a particular icon, a user
must move the mouse pointer over the target icon and then
press the left button to select. Then, the selected icon must be
moved over the picture shown on the upper part of the
screen, and released by clicking the left button again. This is
referred to as the point-and-click interaction style. It was
chosen instead of the drag-and-drop style because the latter
appears to be difficult for children and autistic ones in
particular.

ooaocm@a®cOEBOO

Figure 2. The screen shot of the WIMP interface

B. Tangible User Interface

The tangible Ul is an interface in which autistic children
interact with digital environment trough a tangible UI device.
It is aimed to provide similar experience to interaction with



other real-world tangible objects such as toys. The system
consists of four important components as shown in Figure 4.
As for the case of the WIMP UI system, for each round, a
picture of a geometric shape is randomly chosen and
displayed on the screen. In this case, however, a semi-
transparent table top was used as a screen. A picture from a
computer system was projected onto the screen through a
digital projector (see Figure 4). A user is asked (through
narrative voice, as for the case of the WIMP interface) to
pick a wood block of appropriate shape and lay it on a table
top over an area where an image of the geometric shape is
projected. A digital camera placed on one side of the table is
used to capture the picture of the chosen wood block. Given
the picture taken, the color on the edge of the block is then
identified, and the decision is made whether the chosen block
matches in shape with the displayed one.

Both WIMP and tangible user interface respond in real time
to children reactions and gain child attention by providing
reward if the chosen shape is correct. The reward is given in
a form of a cartoon animated figure with applauding sound
and music. If the wrong shape is chosen, they are encouraged
to "Try again" by the computer narrative voice

Figure 3. The snapshot of autistic child playing the shape matching game
during the evaluation session.

Glass table

Projector

Computer

Figure 4. The components of tangible user interface system

Figure 5. The snapshot of wood block

IV. EXPERIMENT AND ANALYSIS

C.  Subjects

Experiment was carried out with a small number of autistic
children. Six autistic children at the age of 3 to 7 were
recruited with the help of occupational therapists at
Chiangrai hospital. Male subjects were chosen because boys
are 3-4 times more likely than girls to have autism [10].
Subjects were chosen such that they have a same level of
learning ability. The subjects were split equally in two
groups. Each group used only one of the two systems
(WIMP or tangible user interface). The experiment was
taken place at an overtime clinic, so that the test would not
interrupt the regular treatment.

D. Experiment Design

We performed the experiment by comparing the two systems for
shape matching skill training. The experiment was divided into 6
sessions. Fach session started with explanation and demonstration
on how to use the system, done by an occupational therapist for the
first 10 minutes. For the next 10 minutes, the therapist asked them
to do it themselves. The occupation therapist just sit back and only
assisted them when they couldn’t play the game. Also when the
children lost their attention, the therapist had to ask them to get back
to the experiment.

V. RESULT AND EVALUATION

The experiment was conducted to compare the two
systems in terms of their relative ease of use. The
measurement was done by counting the number of time that
the occupation therapist needed to assist and explain how to
use the system.

The results are shown on table 1 and table 2. It was found
that autistic children who used the WIMP interface often
needed to be assisted and shown how to use the system more
often than those using the tangible user interface. As an
exception, for subject D3 using the WIMP interface, the
number of times to assisted swing up on the session 5 and
down again on session 6. This could be due to excessive
hyperactivity of this subject. The speed of performance to
complete the task for the tangible Ul case is also shorter than
the WIMP UI case. In addition, after 6 sessions the two
systems were swapped between the two groups. Similar
results to those shown in Tables 1 and 2 were observed. Due
to the time constraint, the experiment was carried out for a
single session only.



Due to a small sample size and population are assumed to be
normally distributed. Both of them are independent and the
population variances have unknown values. Then to support
our hypothesis that the average number of time occupation
therapist need to assisted in WIMP interface is more than
tangible Ul. The Two-sampling #- test is used at the
significant level of 0.05, the calculated value of 1 = 6.919.
Then the p-value for this upper- tailed test is 0.01. The p-
value is less than 0.05. Therefore at the significant level of
0.05 the null hypothesis is rejected. It is thus conclude that
the tangible Ul is easier to use than WIMP interface as
measured in term of the number of time that occupation
therapist need to assist for each session.

Based on observation during the experiment, we also found
that WIMP interface restricted autistic children in their
behavior leading to boredom and off-task behavior. In
addition, they had difficulty performing point and click
interaction while the tangible user interface was easier to
learn and easier to manipulate for autistic children. We
notice that autistic children enjoy technology that supports
physical activities.

TABLE I
The numbers of time that Occupational therapist assisted for each session
(S1-S6) of WIMP interface

subjects  S1 S2 S3 S4 SS S6

Dl 20 14 15 10 10 10

D2 30 13 11 8 7 1

D3 20 17 16 8 10 7
TABLE II

The numbers of time that Occupational therapist assisted for each session
(S1-S6) of tangible user interface

subjects  S1 S2 S3 S4 SS S6

Tl 2 0 0 0 0 0
T2 0 0 0 0 0 0
T3 8 8 3 0 0 0

VI. CONCLUSION

In this paper, we reported the ease-of-use comparison of the
WIMP interface and tangible user interfaces for the case of shape

matching training. The results from the experiment clearly show
that tangible user interface is easier to use than the WIMP interface.
The difference between the two Uls is noted to be much more
noticeable than the case of normal children [2]. In addition, from
our observation, the children seemed to enjoy and prefer the system
with the tangible user interface
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Abstract

Recently, the number of children having autism
disorder increases rapidly all over the world. Computer-
based training (CBT) has been applied to autism spectrum
disorder treatment. Most CBT applications are based on
the standard WIMP interface. — However, recent study
suggests that a Tangible User Interface (TUI) is easier to
use for children with autism than the WIMP interface. In
this paper, the efficiency of the TUI training system is
considered, in comparison with a conventional method of
training basic geometric shape classification. A CBT
system with TUI was developed using standard computer
equipment and a consumer video camera. The experiment
was conducted to measure learning efficacy of the new
system and the conventional training method. The results
show that, under the same time constraint, children with
autism who practiced with the new system were able to
learn more shapes than those participating in the
conventional method.

1. Introduction

Autism is a disorder of brain function that appears early
in life before the age of three. Autism causes impaired
social interaction, communication difficulties, and
restricted or repetitive activities and interests. People with
autism often exhibit abnormal responses to sensory
stimulation (e.g., touch, sound, light), usually have
moderate mental retardation, and have a higher risk for
developing epilepsy. Some autistic patients exhibit
aggression and self-injurious behavior (e.g., head banging,
biting themselves). About one-third of patients with autism

978-0-7695-3409-1/08 $25.00 © 2008 IEEE
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have normal or nearly normal intelligence quotients (IQs).
There is no cure for autism, however, with appropriate
treatment and education, children with autism can learn and
develop a skill in order to live a normal life in society.
Treatment depends on individual need of a patient. In most
cases, a combination of treatment methods is required.
Among autism treatment methods, occupational therapy
and physical therapy are two of the most required autistic
trainings.  Occupational therapy helps to improve
independent function and teaches basic skills (e.g.,
buttoning a shirt, bathing, basic shape, color). Physical
therapy involves using physical exercises and other
physical measures (e.g., massage, heat) to help clients
control body movements [5]

With explosive growth in general computer usage, many
researchers have explored the use of this technology to
assist the treatment and interaction with an autistic child.
One of the important factors that affect the efficiency of
such computer-based training applications is a choice of
user interface and interaction style For example,
Dautenhanh et al.[1] in their Aurora project investigated
how an autonomous mobile robot can encourage children
to become engaged in social interaction, an important
aspect of human—human interaction. Bosseler et al. [7]
developed and evaluated a computer-animated tutor to
improve vocabulary learning and grammar skill in children
with autism. Some researchers examined the effectiveness
of virtual reality for autism treatment. For example,
Dorothy Strickland et al.[8] published two case studies
examining whether children with autism would tolerate
wearing virtual reality equipment and could response to the
computer-generated world in the meaningful way. Leonard
et al. [9] employed a virtual reality system. The system was
used to teach children with autism for social skill treatment
on how to find a place to sit with a stranger. Mary Barry
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and Ian Pitt [6] provided a guideline for designing
interactive software based on window icon menu and
pointing device (WIMP user interface) for learners with
autism. The results of such research show that children
with autism may prefer interaction with a computer
interface because they can actively control it.

Most of these research works, however, mainly focused on
high-functioning autism. There has been little research in
open literature focusing on using technology to training
basic skills in low-functioning children with autism. In
[13], the ease of use of WIMP and tangible user interfaces
were compared within the context of autistic child training.
It was reported that tangible user interface is easier to use
for low-functioning autism than standard WIMP interface.

However, how effiicient the system is as compared with a
conventional training method is not yet explored. In this
paper, the TUI training system is studied in term of
learning efficiency as compared with a conventional
method of training basic geometric shape for children with
autism.

2. Autism Treatment

Autism is not treated with surgery or medicine
(although some people with autism may take medicine to
improve certain symptoms, like aggressive behavior or
attention problems). Instead, people who have autism are
taught skills required for living a normal life. Best results
are usually seen with children who began the treatment
when they were very young. Special education programs
that are tailored to the child's individual needs are usually
the most effective form of treatment by teaching the child
to communicate (sometimes by pointing or using pictures
or sign language) and to interact with others. A treatment
program includes basic living skill as well as any of the
following: behavior modification, speech therapy, physical
therapy, music therapy, changes in diet, medication,
occupational therapy, and hearing or vision therapy. The
same specialists who help diagnose the condition usually
work together to come up with the best combination of
therapies to use in addition to the educational program. [4]
There is no single best treatment package for all children
with autism. One point that most professionals agree on is
that early intervention is important; another is that most
individuals with autism respond well to highly structured,
specialized programs

Shape matching Training is one method that has been used
to treat basic skill. In conventional geometric shape
training, an occupation therapist shows a card containing
the picture of one geometric shape or the object that clearly
represent geometric shapes (Figure 1) and then asks
patients to find and show the card of similar shape. In
another method, a board with holes of different geometric
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shapes is introduced to a patient (Figure 2). Then, the
patient is asked to select appropriate shape blocks to fit on
these holes. In practice, these conventional treatments are
found to be unattractive and boredom to children with
autism. Also, such methods require a sufficient number of
occupational therapists for the treatment to be effective.

Figure 1 The snapshot of the child with autism during
conventional training

Figure 2 The snapshot of the shape block set that use for
conventional training

3. Geometric Shape Training

In teaching children with autism to known the basic
geometric shapes an occupational therapist shows a card
that containing the picture of geometric shape or the object
that clearly represent geometric shapes and ask them to
pick the appropriate one or using a shape block as describe
earlier.

3.1 Design Rationale

Based on observation that autistic children have their
own unique learning style they are enjoy playing a
computer system equipped with a tangible user interface
device such as a steering wheel used in a computer game.
Then it is suggested that such device may be better suited
to children with autism than a standard WIMP device (a
mouse and keyboard). On the other hand, computer game



can exclude the annoying surrounding then helping the
children to focus on the task and they can learn from their
mistake without the force of occupational therapist. Also,
Price et al [14] reported that tangible having the potential
for providing innovative ways for children to play and
learn, through novel forms of interacting and discovering.

3.2 Tangible User Interface Training System

A tangible user interface is an interface that a computer

user uses to interact with digital environment through a
tangible input device. The shaping matching training
system was developed using this type of user interface. It is
aimed to provide similar experience to interaction with
other real-world tangible objects such as toys. A system
consists of hardware components as shown in Figure 3. Its
operation is controlled by custom-made CBT software
running on a computer machine. During the training
operation, as for the case of conventional treatment, a
picture of a geometric shape is randomly chosen and
displayed on a semi-transparent glass table top, through a
digital projector under the table. A user is asked (through
narrative voice) to pick a wood block of appropriate shape
and lay it on a table top over an area where an image of the
geometric shape is projected (see Figure 5 for a screen shot
of the program). A consumer grade digital video camera
placed on one side of the table is used to capture the picture
of the chosen wood block. Given the picture taken, the
color on the edge of the block is then identified by an
image processing module (Figure 4), which is implemented
as part of the CBT software. The decision is then made by
the program whether the chosen block matches in shape
with the displayed one.
The developed training system responds in real time to
children reaction and gains child attention by providing
reward if the chosen shape is correct. The reward is given
in a form of a cartoon animated figure with applauding
sound and music (Figure 6). If the wrong shape is chosen,
they are encouraged to "Try again" by the computer
narrative voice.

3.2 Implementation Module

Camera
Glass Table

Mirror

Computer

Projector

Figure 3 Hardware components of the TUI-based training
system
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Figure 4 Block diagram of the image processing module,
implemented as part of the training software
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Figure 5 The screen shot of the TUI-based training system

Figure 6 The screen shot of the correct answer

4. Experiment and Analysis

4.1 Subjects

Experiment was carried out with sixteen male children
with autism at the age of 3 to 7. Participants were recruited
with the help of occupational therapists at Chiangrai
hospital, Thailand. Male subjects were chosen because
boys are 3-4 times more likely than girls to have autism
[10]. Subjects were chosen such that they have a same level
of learning ability. The subjects were split equally into two



groups. Subjects in each group used only one of the two
training (conventional or proposed system). The
experiment was taken place at an overtime clinic, so that
the test would not interrupt a regular treatment schedule.

4.2 Experiment Design

We performed the experiment by comparing the
conventional and proposed systems for basic geometric
shape matching skill training. The experiment was divided
into 6 sessions. Each session started with an orientation
period, where a  geometric shape was presented to each
subject (using either the conventional method or the
proposed system). Each subject was asked to choose an
object (a card for a conventional method and a wood block
for the proposed system) with a matched shape. In each
session, each of the six geometric shapes was presented
three times (in non-consecutive order) to each subject.

Figure 7 The snapshot of the child with autism playing
the shape matching game during the evaluation session

5. Result and Evaluation

In our previous research [13] we explore the ease of
use comparison of WIMP and tangible Uis. The results
from the experiment clearly show that tangible user
interface is easier to use and suited for low-functioning
autism than standard WIMP interface. Then to support
these research we compare the ease of use of the two
interfaces (WIMP and tangible Uis) as perceived by non
autistic children by using shape matching skill for the case
study. The results obviously show that tangible user
interface is easier to use for the children with autism than
the WIMP interface. The difference between the two Uls is
noted to be much more noticeable than the case of non
autistic children.

Then in this paper the experiment was conducted to
compare the two training methods in term of learning
efficacy. The measurement was done by means of pre-test
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and post-test. Before the first session the participants were
asked to do a pre-test. The test consists of 6 pictures of
geometric shapes and the participants were asked to select
the matching shape. After completing all training sessions,
they were again asked to do a post-test. The same post-test
was conducted again a week later. The tests were then
analyzed. The difference between the pre-test and post test
results was used to measure learning efficiency. The
analysis results are shown in Table 1 and 2. From these
tables, it was found that the participants from the group
where the TUI-based training system was assigned could
learn more shapes than those from another group using the
conventional training method.

In supporting the hypothesis that the TUI-based system
achieves higher learning efficiency (in terms of the number
of learned shapes) as compared with the conventional
method, the Two-sampling #- test is used (due to a small
sample size with the assumption that the population is
normally distributed). At the significant level of 0.05, for
the pre-test, the calculated value of ¢ = 2.457. Then the p-
value for this upper- tailed test is 0.046. The p-value is less
than 0.05. On the other hand, for the post-test the
calculated value of ¢ = 6.807 Then the p-value for this
upper- tailed test is 0.000004. Therefore at the significant
level of 0.05, the null hypothesis is rejected. It is thus
conclude that the tangible user interface training system is
more efficient for training basic shape skill than
conventional treatment as measured by the number of
learning object shapes.

Based on observation during the experiment, we also
found that time to complete the task using the TUI-based
training system was generally shorter than that of the
conventional method. We noticed also that, while strongly
expressing unwillingness to use the conventional method,
all participants were joyful when training with the new
system.

Table 1 The number of correct matching shapes of the pre-
test and post-test for the grouped assigned with the TUI-
based training system.

post-
Nam | pre-test test
e score/6 score/6
T1 1 6
T2 0 6
T3 0 6
T4 0 4
T5 0 6
T6 0 5
T7 0 6
T8 0 6




Table 2 The number of correct matching shapes of the pre-
test and post-test for the grouped assigned with the
conventional method.

post-
Nam | pre-test test
e score/6 score/6
Cl 0 1
C2 0 2
C3 0 1
C4 0 2
C5 0 3
C6 1 2
C7 0 0
C8 0 1

Table 3 The statistics values for the case of the TUI-based
training system and the conventional method, as obtained
from the pre-test.

TUI Conventional
— — Sy t-test P-
X 1 S.D.; X 2 S.D., value
4.75 2.5 1.5 1.0 1.620 | 2.457 | 0.046

Table 4 The statistics values for the case of the TUI-based
training system and the conventional method, as obtained
from the post-test.

TUI Conventional
BYe ~ Sp t-test P-value
X |sp, | X | sb,
0.00000
5375 | 1768 | 1.5 | 0.926 | 1:065 | 6-807 &

6. Conclusion

In this paper, we reported the effective of the tangible
user interfaces system to support training basic geometric
shape for low-functioning children with autism. The results
from the experiment clearly show that the children with
autism who study from the TUI training system can learn
more shape than conventional treatment. Furthermore, TUI
was more attractive and offers a multimedia real time
feedback that stimulates children’s learning and also
increases their attention span rather than the conventional
treatment.
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Abstract In this paper, the design of a computer-based
training (CBT) system for low-functioning autistic children
is addressed. The emphasis is on ease-of-use and learning
efficiency of CBT systems with different interaction styles,
namely the WIMP (Window Icon Menu Pointing Device)
and TUI (Tangible User Interface) interaction styles. Two
WIMP-based CBT systems with different pointing devices
were involved in the study. The first system applied a
standard computer mouse as a pointing device, while the
second one employed a touch screen instead. For the TUI-
based CBT system, a tabletop setting was adopted. Based
on the known characteristics of TUI and children with
autism, as well as related cognitive and learning theories,
the benefits of TUI for low-functioning autistic children
have been investigated. Elementary skill teaching was
chosen as a case study for performance evaluation of these
CBT systems. Empirical results show that the touch-based
and TUI-based systems offered much better ease-of-use
performance than that of the mouse-based system.
Regarding learning efficacy, experimental results show that
the TUI-based system achieved higher skill improvement,
as compared with the WIMP-based system and a non-
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computer training method. Some guidelines and sugges-
tions for the design of a TUI-based system for children
with autism are summarized.

Keywords Tangible user interface - Autism - Computer-
based training - WIMP - User interface design

1 Introduction

Autism is a disorder of brain function that typically appears
early in life before the age of three [17, 46]. Autism can
result in impaired social interaction, communication diffi-
culties, restricted interests, and repetitive activities. People
with autism often exhibit abnormal responses to sensory
stimulation (e.g., sound, lighting, or smell). They also
usually have moderate mental retardation, and have a
higher risk for developing epilepsy [60]. Some autistic
patients exhibit aggression and self-injurious behavior
(e.g., head banging and biting themselves) [14].

There is a wide range of impairment degree among
people with autism. However, they can be roughly cate-
gorized as either high-functioning autism (HFA) or low-
functioning autism (LFA). As in broader training and
medical applications, computer and assistive technologies
have long been applied to a variety of autism spectrum
disorder treatments [22, 35, 44] (see also [15] and refer-
ences therein). Reports from previous works suggest that
the benefits of computer technologies include increased
motivation, decreased inappropriate behavior, increased
attention, and learning efficacy. When considering com-
puter-related technology that has so far been applied for
autism treatment, each of them falls under one of the fol-
lowing categories: (1) general-purpose computer technol-
ogy (normally a desktop computer with standard I/O
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devices, but could also be computers of different form
factors such as a PDA), (2) robotics technology, and (3)
virtual reality technology. Early uses of computer tech-
nology applied a general computer system for teaching
various skills [1, 7, 19, 55, 65]. However, many programs
under this category are for developing language-related
skills [10, 18, 29, 36]. Both robotics and virtual reality
technologies have been applied to provide a high degree of
interactive realism not achievable by a standard computer
system. Uses of robotics technology for autism treatment
have been reported, for example, in [4, 48, 50]. Generally,
it has been reported that the use of robots helps improve
children with autism motivation and engagement in ther-
apy. For example, under the Aurora project [9], an auton-
omous mobile robot was used to encourage children with
autism to engage in social interaction. In another work
under this category, a simple robot was used to facilitate
social interaction development in children with autism
[30]. The last of the three categories is virtual reality
technology and its application for autistic treatment [6, 20,
40]. Strickland et al. [57] described two case studies
examining the suitability of virtual reality equipment and
computer-generated worlds for autistic users. Leonard et al.
[33] employed a virtual reality system to teach children
with autism certain social skills.

With an exception of [16, 28, 53, 54, 66], the above and
other related studies focused on high-functioning autism.
Perhaps it is the level of cognitive, language, and fine
motor ability of typical LFA children that make computer
technologies less accessible for them. For example,
abstraction of icons and metaphors used in WIMP interface
may not be comprehensible by users with cognitive
impairment. In addition, for a person with limited fine
motor skill, operating a mouse device can be extremely
difficult. Most LFA children fall under this user group with
manual dexterity difficulty.

Recently, a novel computer interaction style, known as
Tangible User Interface (TUI), has been proposed and
studied [24, 39, 61]. A TUI employs a physical artifact as
part of its Ul components. Such artifacts can be a physical
representation of a digital object or act as a control for the
manipulation of a digital object/information [23]. One of
the TUI benefits commonly cited is its ease of use [37].
Others include its offering of richer multimodal interface,
increased task engagement, and exploratory learning [32].
Regarding the relationship with current computer-related
technologies for autism treatment, TUI is on the same line
of ubiquitous computing paradigm as robotics technology.
In fact, some robots used for autism treatment can also be
regarded as a form of TUI [4].

In our study, TUI was used to improve computer
accessibility and lesson engagement for LFA children. A
combination of cognitive and learning theories, as well as
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knowledge of LFA characteristics and UI design founda-
tion, is applied to guide the selection and design of an
appropriate interaction style for LFA children. We address
the notions of engagement, and intrinsic/extrinsic motiva-
tion, with their relation to the benefits gained by TUI in
LFA learning. In addition, empirical results from a case
study of LFA elementary skill training were reported.
Shape and color recognition are two elementary skill les-
sons selected for the study. Experiments were performed to
evaluate the relative ease of use and learning efficacy of
three computer-based training (CBT) systems with TUI and
WIMP interfaces. Empirical results were then analyzed to
gain a further insight into the benefits of TUI for this type
of application. Guidelines are provided for designing a
CBT system for LFA children.

2 LFA autism treatments

Generally, treatment programs for autism include training
basic living skills through occupational therapy as well as
any of the following: behavior modification, speech ther-
apy, physical therapy, music therapy, changes in diet,
medication, and hearing or vision therapy [58]. Among the
various types of treatment, occupational therapy plays an
important role in an overall treatment program [8]. The
main purpose of occupational therapy is to help a person
with autism improve his/her quality of life, both at home
and in public places. Areas of focus include daily living
skills, gross motor skills, perceptual skills, and visual and
social skills [62]. Improvement of these skills is achieved
by using various play-like training activities [2]. Another
occupational therapy treatment method is a role-playing
game, which is used mainly to teach children with autism
daily living skills [56].

Color and shape recognition are among early cognitive
skills to be learned by LFA children [21, 26]. They are part
of a foundation for acquiring other occupational therapy
skills [2]. The skills can be trained, for example, through
participation in a so-called matching game. As an example,
to teach shape recognition skill with this training method,
two identical sets of picture cards are used. Each card
contains on its face a picture of each basic shape. A
practitioner randomly chooses one card from the first set
and shows its face to an autistic student. The student is then
asked to select a card of matched shape face from the
second card set. Similar procedures are applied for teaching
color recognition skills. Hereafter, this training scheme is
referred to as a card-based method (Fig. 1).

Due to a social interaction problem, as well as other
autism impairments, children with autism often express
their unwillingness to cooperate in such training session.
This can significantly reduce learning efficacy.
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Fig. 1 A card set used in a conventional card-based method for shape
recognition skill training

3 Tangible user interface for autism computer-based
training

3.1 Tangible user interface

In a view derived from a ubiquitous computing concept,
TUI is seen as a way to augment the physical world by a
computer system through integrating digital (or virtual)
objects with physical ones [23]. To be more specific, TUI
can be regarded as a form of interaction that utilizes
(specialized, in most cases) input/output devices that rep-
resent or control one or more digital objects. Without TUI,
these digital objects are normally represented visually
through a computer screen and interact with a user through
a pointing device (e.g., a mouse device).

Recently, TUI has gained increasing attention, both
from HCI researchers and from non-HCI communities
interested in its application [11, 52, 67]. TUI benefit lies
partly in its ability to take advantage of our physical object
manipulation skills, which are acquired and developed
naturally as one grows up. Direct manipulation of physical
objects also reduces cognitive effort while interacting with
a computer system. By utilizing such naturally developed
skills, TUI advantages include better efficacy for some
computer-assisted tasks and ease of computer usage. It has
been reported that a computer system with TUI is more
accessible to young children, people with learning dis-
abilities, and novice computer users [32, 68].

3.2 TUI and computer-based training
Many researchers have explored how TUI can be used to

improve usability as well as learning efficacy in computer-
based training (CBT) systems for neurologically typical

(NT) children. For example, Price et al. [43] reported that
TUI can potentially be used for playful learning. It was
reported that TUI contributed to a high degree of immer-
sion and engagement for children participating in various
forms of learning activities. The study by Madhur et al.
[34] explored the use of TUI with a tabletop setting to teach
early fundamental mathematics to young children. For
children with autism, tangible technology has also been
applied for the development of social skills and sensory
awareness [5, 42, 63]. Based on a tangible interface,
Jin-ling et al. [25] created the Playful Tray, a tool used in
play-based occupational therapy for reducing poor eating
behavior in young children with HFA and Asperger
syndrome. In this case, TUI was designed to increase
children’s engagement to eating activities.

Despite a lack of study on the use of TUI for LFA
children, there are some reasons to believe that LFA chil-
dren can also benefit from TUI. They are derived from the
investigation on TUI benefits for people with autism, the
LFA case in particular, as described below.

3.3 Benefits of TUI for LFA children

Based on common characteristics of LFA children, to
successfully apply CBT systems, it is suggested that
important learning steps to go through are as follows:

1. Using a (learning) tool: He/she (an LFA child) must

first learn how to use a learning tool/system. Also, he/
she should be able to use it properly.
Rationale: For some LFA children, there is a certain
degree of fine motor skill deficiency. These users
generally have difficulty performing some mouse
movement operations, including drag and drop ones.
With cognitive impairment, which can be severe for
LFA children, these users may also have difficulty in
understanding metaphors (visual/symbolic representa-
tions of real-world objects) normally applied in
modern GUI applications.

2. Engaging to alesson: Student needs to be kept engaged
to a learning activity. In addition, it is important to
make sure that such engagement is also associated with
a learning lesson [27, 51].

Rationale: Due to problems in social development,
repetitive behavior and sensory (hyper/hypo) impairment,
engagement is one of the major problems in teaching/
training children with autism. One of the benefits in using a
computer system as a learning tool is its ability to provide
media-rich stimuli. Such stimuli, along with simplicity and
predictability of a computer system, can be very attractive
for children with autism. LFA children engagement may
result from extrinsic motivation (e.g., rewarding/reinforc-
ing stimuli such as animation and sound) or intrinsic
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motivation (e.g., certain toys or objects which are subjects
of restricted interest of children with autism [3, 47] inte-
grated in learning activities). Either one or a combination
of these motivations can be used to keep students engaged
in learning activities. Note, however, that sometimes
engagement does not necessarily lead to learning goal
achievement. This is the case, for example, if the subject of
interest is simply a sensor stimulating toy and is not
properly structured under an overall learning activity.

3. Learning skill: Skill is learned and retained.
Rationale: With cognitive impairment, LFA children
normally learn at a much slower pace than typically
developing peers. Thus, in practice, this calls for
training sessions to be arranged on a regular basis over
a sufficiently long period.

4. Generalization: Student can generalize and appropri-

ately apply skills learned.
Rationale: Due to the associative nature of the way
LFA people learn. Children with autism are known to
have difficulty in generalizing skills learned when
applying those skills in real-life settings [64].

The problems for LFA children in each of these steps
can be partly solved through careful design of a learning
system. Here, we investigate what TUI can offer to help
alleviate these problems. The results of analytical investi-
gation are described below.

1. Using a tool: One of the main strengths of TUI is its
ease of use [37]. For example, with a tabletop TUI
style [13], a user interacts with a system through
grasping, moving, and laying one or more tangible
artifacts around a tabletop space. Such physical
manipulation can be simpler than a mouse device
operation, resulting in less demand for eye—hand
coordination effort and fine motor skill.

2. Engaging in a lesson: In TUI, toys or other objects that
are attractive and/or familiar to LFA children can be
used as graspable objects for system interaction. An
important TUI design decision is where learning-
related objects (those which convey learning content)
should reside. This can be either in a digital part (e.g.,
a computer) of the system, a physical part (tangible/
graspable objects) of the system, or both. If learning-
related objects reside only in the digital part of the
system, the potential benefits of TUI can be rather
limited. On the other hand, if learning-related objects
reside and are integrated in both physical and digital
parts of the system, TUI is expected to yield the most
pronounced effect on increasing the level of engage-
ment to a lesson.

3. Learning skill: There have been many research results
on learning in people of young ages, as well as in
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children with autism, that support the use of TUI for
learning enhancement [31, 38, 45]. For example, an
occupational therapy method that supports sensory
integration is believed to help stimulate brain activity
in children with autism, and thus enhancing learning
ability [41]. This is particularly relevant for LFA
children who have severe cognitive impairment. In
addition, with such impairment, learning through
physical manipulation can be simpler and useful for
LFA children, as compared with learning through a
method relying on symbolic or language interpretation
alone. TUI, with its interaction richness involving the
use of multiple senses for physical object manipula-
tion, should therefore enhance learning efficacy in
LFA children. With a CBT system, it is possible for
LFA children to be trained more frequently, alleviating
a retention problem.

4. Generalization: Many research works suggest that
people with autism, LFA ones in particular, learn
things through an associative mechanism [59]. This
makes it very difficult for them to apply skills or
knowledge learned under a real-world setting, due to a
mismatch between things in real-life situations and
those in a training environment. Usually, even a slight
mismatch can cause such a problem. Therefore,
graphical representation of real-world objects as
provided by a GUI interface is far from sufficient.
TUI offers an opportunity for real-life objects to be
used as part of a human—-machine interaction.

4 CBT systems for teaching elementary skills

Two elementary skills (shape and color recognition) were
chosen as a case study. Three computer-based training
(CBT) systems were designed and developed for teaching
these skills. Two of the systems were designed based on a
WIMP interface. They differed mainly in the choice of a
pointing device used. One of them used a standard com-
puter mouse as a pointing device, while the other adopted a
computer touch screen instead. These systems will be
referred to as the mouse-based system and the touch-based
system, respectively. The third system used a tabletop TUI
interface. All of them follow the same interaction steps,
which are similar to those conducted by an occupational
therapist during a conventional card-based training method
(see Sect. 2 for more explanation).

4.1 Design of the WIMP-based systems

Except for the choice of a pointing device, the two WIMP-
based systems are very similar in their design. Therefore,



Pers Ubiquit Comput (2012) 16:143-155

147

we describe the design detail only for the case of the
mouse-based system. The system used a general-purpose
personal computer, with a 19-inch LCD monitor and a
standard mouse device. A CBT program was developed to
run on this hardware platform. In shape recognition train-
ing, a shape matching skill is the subject of learning (see
Fig. 2).

From the figure, once the training starts, a geometric
shape is randomly selected and shown on the screen centre.
Through a narrative voice, a user is asked to match it with
one of the choices displayed as shaped symbols at the
bottom of the screen. To do the matching, a series of point-
and-click operations must be performed.

First, a user moves a mouse pointer over the shape
symbol to be chosen. The symbol is then ‘picked’ by
pressing the left mouse button. Then, by moving the mouse
pointer, the chosen symbol is dragged along with the
pointer over the shaped picture displayed at the centre of
the screen. To complete the matching task, a user presses
the left mouse button again to release the control on the
chosen symbol and confirm the selection. This pick-and-
drop manipulation style was chosen instead of the normal
drag-and-drop style because, from a preliminary study, the
latter appeared to be difficult for LFA children. This is
particularly the case for those who severely lack fine motor
skills.

From the confirmed user response, feedback was
delivered by the system. If the chosen symbol is a correct
answer, the system provides positive reinforcement in the
form of an animated cartoon figure, along with an
applauding sound and music (Fig. 6). For an incorrect
answer, the system only shows a cross-sign, along with a
narrative voice encouraging a learner to try again. Here,

coaoccmavcasoo

Fig. 2 A screen shot of the WIMP-based systems

strong negative feedback or an animation display was
avoided. Strong negative feedback may have undesirable
effects (e.g., discouragement or negative behavior), on
LFA children in particular, because they tend to have low
levels of engagement with learning activities in the first
place. Also, system feedback containing any kind of ani-
mation may be misinterpreted by LFA children. For
example, some of them develop affection for animation
feedback regardless of its context. As a result, negative
animation feedback may consequently encourage them to
either repeatedly choose the same (wrong) answer or make
random selections.

A similar design to the one described above was applied
for the touch-based system. In this latter case, however, a
shape is picked (dropped) by touching (releasing) an on-
screen shape symbol.

4.2 Design of the TUI-based system

In the TUI system, a computer screen is shown on a
semitransparent tabletop through a digital projector
installed inside the table (see Fig. 3). The actual screen
display size was approximately 40 x 45 cm, which is
slightly larger than the screen size of LCD monitors used in
the WIMP-based systems. A CBT program was developed
and run on a general-purpose computer.

Design of the program was similar to that of the WIMP-
based systems. However, instead of shape symbols and
pointing devices used in WIMP-based systems, the TUI-
based system uses wood blocks and toys for physical
representation and manipulation of learning subjects
(geometric shapes and colors in this case). Compared with
conventional training, these tangible objects play a similar

Semi Transparent Tabletop

Web Camera

Mirror

Projector

Computer

Fig. 3 Hardware components of the TUI-based system
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role to that of picture cards in the card-based training
method (see Fig. 1).

When asked, through a narrative voice, to choose a
shape (or color) which matches the shown one, a child is
expected to select one of the available tangible objects
(wood blocks or toys) by grasping it. Then, to complete the
selection, he/she places it on a tabletop area where the
shown picture appears.

A web camera placed underneath the tabletop is used to
detect and identify the chosen tangible object. Infrared
LED tubes were embedded on each tangible object. Each
wood block or toy contains a unique number of tubes.
Thus, from the picture taken by a web camera, the number
of bright spots can be used to identify the selected and
placed object. Here, this object identification method was
adopted because it is applicable for objects with a wide
variety of shapes, including those without flat base. For
color matching skill training, toys and things found in
everyday life were also used as tangible manipulation
objects in addition to wood blocks. Toys and objects of
everyday life were useful not just for keeping LFA children
engaged, but also to improve the generalization of skills
learned.

5 Experiments and analysis

Experiments were conducted to evaluate the TUI-based
and WIMP-based CBT systems, as detailed in the previous
section. Evaluation emphasized on the system ease of use
and learning efficacy. In the first experiment, the TUI-
based and two WIMP-based CBT systems were used for
shape matching skill training. They were compared in
terms of relative ease of use. In the second experiment, the
case of color matching skill training was considered. Both
LFA and NT children participated in this experiment. The
purpose is to compare how differently the TUI interface
affects the ease of computer usage for LFA and NT chil-
dren. A third experiment was conducted to compare
learning efficacy of the TUI-based and touch-based CBT
systems. The conventional card-based method was also
conducted, whose result is used as a comparison
benchmark.

5.1 Experiment I

This experiment was conducted to evaluate the three CBT-
based systems in terms of the ease of use. The shape
matching skill training was chosen as a case study. LFA
children participated in the experiment. Due to their young
ages and cognitive impairments, standard methods for ease
of use evaluation such as questionnaires and user inter-
views were not applicable. In this study, the evaluation was
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conducted by observing and counting the number of times
that each participant was unable to carry out the training
task appropriately due to his/her lack of understanding or
skill for system usage (see Sect. 5.1.2 for detailed coding
method).

5.1.1 Subjects

Twelve LFA children participated in the experiment. Their
ages were between 3 to 5 years. Male subjects were chosen
because they form a majority (75%) of autistic population
[12]. The number of participants was limited because they
were screened based on cognitive ability, non-verbal skill,
and treatment record. All of them were diagnosed with
LFA according to DSM-IV criteria. The subjects were split
equally in three groups. Subjects in each group used only
one of the three systems.

5.1.2 Experiment design

The experiment took place at an overtime clinic, so that
the test would not interrupt the regular treatment. It was
composed of six training sessions, one on each of six
consecutive days. Each session lasted for 25 min. At the
beginning of each session, a subject was given an expla-
nation and demonstration on how to use the system to
complete the learning task (shape matching). The expla-
nation and demonstration were provided by an occupa-
tional therapist and lasted for 10 min. Then, the therapist
asked each subject to perform the learning task by him-
self/herself for 10 min. During that time, the therapist
acted as an observer and only assisted when there was an
indication that one of the following situations occurred:
(1) A subject entirely losses his/her attention to the
learning task. (2) A subject cannot perform the task cor-
rectly due to the lack of knowledge or skill on system
usage.

The first situation was indicated when a subject lost
attention to the task (e.g., being distracted to something
else) and stopped interacting with the system for more than
30 s. When this occurred, the therapist reminded the sub-
ject to pay attention to the task. The second situation was
indicated and coded when one of these events occurred.

1. A subject did not know how to do the (shape) selection
and confirmation or did it in a wrong way. As an
example, for the TUI-based system, this was the case
when a subject laid down a chosen wood block on a
wrong tabletop area.

2. A subject had difficulty performing the necessary
operations and actions. As an example, this was the
case when a subject had difficulty in pressing or
moving a mouse device.
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5.1.3 Results

As previously stated, the systems ease of use was measured
by the number of assists due to the ease-of-use issue (the
assistance under the second situation explained in Sect.
5.1.2). The results of measured ease of use for the three
CBT systems are shown on Tables 1, 2, 3. As expected, for
all of the three systems, the number of assists reduced as
the experiment progressed from the first to last session. In
all sessions, however, the touch-based system yielded the
best result. Apart from exceptional cases of subjects C2 and
C3, the TUI-based system offered comparable results to
those of the touch-based system. By excluding the subjects
with poorest and best results in each of the three cases, the
medians of the number of assists, required for the three
CBT systems, are shown in Fig. 4.

5.1.4 Discussion

From Fig. 4, poor results are noticeably seen for the
mouse-based system. It was observed during the experi-
ment that this was mainly due to the high demand for fine
motor skills in operating a mouse device. The problem was
found in pressing a mouse button and positioning the
mouse pointer. Most subjects improved such skills as the
experiment progressed to later sessions. However, there is
an exception for the subject A3, where the number of
assists increases in Session 5 from the previous session (see
Table 1). Excessive hyperactivity of the subject might
contribute to this peculiar result.

Table 1 The number of assists on the ease-of-use issue, as needed for
the mouse-based system in Experiment |

Subject no. Session no.

S1 S2 S3 S4 S5 S6
Al 20 14 15 10 10 10
A2 30 13 11 8 7
A3 20 17 16 8 10 7
A4 18 16 16 12 8 6

Table 2 The number of assists on the ease-of-use issue, as needed for
the touch-based system in Experiment I

Subject no. Session no.

S1 S2 S3 S4 S5 S6
Bl 3 1 0 0 0 0
B2 2 2 1 0 0 0
B3 1 2 1 0 0 0
B4 2 0 0 0 0 0

Table 3 The number of assists on the ease-of-use issue, as needed for
the TUI-based system in Experiment I

Subject no. Session no.

S1 S2 S3 S4 S5 S6
Cl1 2 0 0 0 0 0
C2 0 0 0 0 0 0
C3 8 8 3 0 0 0
C4 3 1 0 0 0 0

B TUl-based system B Touch-based system M Mouse-based system

20 19

Avaraged Number of Assits

Session No.

Fig. 4 The averaged (median) numbers of assists on ease-of-use
issue, for each of the three systems in Experiment I

The touch-based version of a WIMP-based system
appeared to greatly solve the mentioned fine motor skill
problem, as it provided the best results among the three
systems. Overall, the TUI-based system offered compara-
ble result to that of the touch-based system, except for the
subject C3 who exhibited a form of self-stimulatory
behavior by rubbing his skin with his hand. This behavior
may not be harmful, but in this case it appeared to interfere
with the learning activity.

Interestingly, it was noticed that the subjects using the
TUI-based system expressed their high enthusiasm and
enjoyment during the experiment. This is in contrast with
the touch-based system. For the touch-based system, while
offering slightly better results in terms of the system ease
of use, the subjects did not show the same affection or
enthusiasm to use the system as for the TUI-based system
case. Often, subjects interacted with the touch-based sys-
tem spontaneously. Their level of lesson engagement was
low as it was found that their activities were usually not
related to the learning task. For example, many of them
touched a screen spontaneously without paying attention to
a task instruction. No disengagement from the learning task
was found for the case of the TUI-based system.

5.2 Experiment II

This experiment was conducted to study the learning effi-
cacy in using TUI-based and WIMP-based systems. Of the
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two WIMP-based systems, only the touch-based system
was considered because of the poor ease-of-use result in
the mouse-based system. The color recognition skill
training was used as a case study. Results from computer-
based training were compared with that of conventional
training methods. The conventional color recognition
training method was conducted similar to the card-based
method for shape recognition, with color sticks used
instead of picture cards as teaching tools. Hereafter, this
conventional training method will also referred to as the
color-stick method.

5.2.1 Subjects

Twenty male LFA children participated in the experiment.
Their ages were from 3 to 5 years. They were screened to
have comparable learning and non-verbal ability. In addi-
tion, all of them had no prior computer usage experience.
During the first phase of the experiment, eight LFA chil-
dren were trained on color recognition skills with the TUI-
based system. Another eight LFA children were trained
using the conventional color-stick method. Later, an addi-
tional four LFA children were available for repeating the
experiment with the touch-based system. The unequal
number of participants in this case as compared with those
of the first two conditions was due to the lack of LFA
children meeting the screening criteria.

5.2.2 Experiment design

As in the first experiment, this experiment was conducted
at an overtime clinic, so that the test would not interrupt the
regular treatment. The experiment was performed 5 days a
week and lasted for four consecutive weeks. On each day,
ten training sessions were conducted. The rest time
between sessions was 2 min. In all sessions, learning
activity involved recognition of six colors (black, white,
red, green, blue, and yellow).

The overall training program was composed of three
lessons of different difficulty levels. The learning task for
the level-1 lesson was conducted in the first week. For all
training methods, the lesson followed the same instruc-
tional steps as for the shape recognition skill training in the
first experiment. In each session, a participant was asked
six color matching questions in total. Matching for each of
the six mentioned colors was performed one at a time. The
order of colors shown for each session was, however,
randomly chosen. While in the first experiment each ses-
sion lasted for a certain time period, each session in this
experiment ended when a participant completed the
responses to all color matching questions. Such task com-
pletion criterion was adopted because it was also a standard
practice in the conventional training method. Figures 5, 6
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Fig. 5 A screen shot of the first-level lesson in the TUI-based
training system

show some of the program screen shots for the level-1
lesson of the TUI-based system. Wood blocks were used as
tangible objects of the same shape (rectangle), but with
different colors (Fig. 7).

For the level-2 lesson, used during the second and third
weeks, instructional steps were the same as before. For the
TUI-based system, the color wood blocks were replaced by
toys and everyday objects of different colors (Fig. 7).
During the fourth week, where the level-3 lesson was used,
subjects using the TUI-based system were asked to choose
a tangible object with the same color as named by the
system narrative voice. No picture of a color was given at
this level. At all levels, correct- and incorrect-response
feedback was the same.

Subjects trained with the conventional color-stick
method followed a similar training schedule as for the TUI-
based system case (Fig. 8). Similar toys and everyday
objects were used in place of color sticks during level-2
lessons. For the subjects trained with the touch-based
system, the same level-1 lesson as used in the first week
was used in the second and third weeks of the experiment.

At the beginning of each training session, a therapist
introduced the participants to each of the six colors (black,
white, red, green, blue and yellow). Then, she gave
instructions on how to carry out the learning task for each
lesson. Learning efficacy was measured by means of a pre-
test and a post-test. Before the first training session started,
the participants were asked to do a pre-test. The test was
conducted based on a current practice as part of the (non-
computer) color-stick method. The number of correct
answers for each participant was recorded. A similar test
was conducted again after completion of all training ses-
sions. In addition, at the end of the 6th week since the
experiment started, a learning transfer test was conducted.
The test involved asking a participant to identify the colors
of objects residing within a living room of the hospital
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Fig. 6 Level-1 response
feedbacks. a correct-response (a)
feedback: a correct sign with an
animated smiling figure,

b incorrect-response feedback:
an incorrect sign with the
animated figure in bad mood

Fig. 7 Some of the color wood
blocks and toys used as tangible
objects in the TUI-based system

Fig. 8 A picture of an autistic child while choosing a color stick, in
conventional color recognition training

where one of the authors was affiliated. The objects
involved in the test were red carpet, black sofa, yellow
clock, white photo frame, blue vase, and green ornamental
plants.

5.2.3 Results

As explained before, learning efficacy was measured by
means of a difference between pre-test and post-test scores.
The results are shown in Tables 4, 5, 6. From these tables,

it is seen that learning efficacy for the participant group
using the TUI-based system is significantly higher than
those using the touch-based and color-stick methods. For
the learning transfer test, the average score (obtained by
counting the number of colors correctly pointed out) for the
group using the TUI-based system was 1. For the group
trained with the conventional method, none of their
members could point out any colors correctly. Only one of
the LFA children trained with the touch-based system
could point out one color, while others in the group could
not point out any color correctly.

5.2.4 Discussion

From Tables 4, 5, 6, based on both individual and averaged
(median) learning efficacy scores, the TUI-based system
produced the best result among the three training methods.
From observation information, it was suggested that the far
superior learning efficacy of the TUI-based system was
attributed to strong lesson engagement of the subjects in its
group. In contrast, it was noticed that, for the second group,
all subjects repeatedly expressed their strong unwillingness
to train with the conventional color-stick method. Low
level of lesson engagement was also observed for subjects
using the touch-based system. To be more precise, the
subjects in this group tended to touch the screen sponta-
neously. Such engagement to activities not related to the
lessons was rarely found for the case of the TUI-based
system, even for the level-2 lesson sessions where toys and
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Table 4 The pre-test and post-test scores for color recognition, using
the TUI-based system

Subject Pre-test Post-test Learning
score score efficacy score
D1 0 4 4
D2 0 6 6
D3 0 6 6
D4 0 6 6
D5 1 6 5
D6 0 6 6
D7 0 6 6
D8 0 5 5
Averaged (median) efficacy score 6

Table 5 The pre-test and post-test scores for color recognition, using
the conventional method

Subject Pre-test Post-test Learning
score score efficacy score
El 0 3 3
E2 1 2 1
E3 0 2 2
E4 0 1 1
E5 0 0 0
E6 0 2 2
E7 0 1 1
E8 0 1 1
Averaged (median) efficacy score 1

Table 6 The pre-test and post-test scores for color recognition, using
the touch-based system

Subject Pre-test Post-test Learning
score score efficacy score

Fl 1 ) 1

F2 0 1 1

F3 0 2 2

F4 1 1 0

Averaged (median) efficacy score 1

everyday things were used as tangible objects. It was also
observed that the time spent to complete a lesson in each
session when using the TUI-based system was on average
shorter than those of the other two training methods (see
Fig. 9). It was also observed that the time spent to complete
a lesson in each session when using the TUI-based system
was on average shorter than those of the other two training
methods (see Fig. 9). The same data were then analyzed
using a one-way ANOVA at a significant level of 0.01.
Despite a small sample size used in the experiment, the
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Averaged Session Completion Time (MIN)
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Fig. 9 Averaged time to complete the training sessions for the three
training methods in Experiment II

obtained p value of 0.003 < 0.01 provides strong evidence
that the three methods yielded different lesson completion
times. Results on completion time in the 4th week, where
the level-3 lesson was used, were omitted. During that
week, participants spent excessively long periods on each
session (especially for the conventional method) such that a
session needed to be stopped before all the required
responses were completed.

As mentioned in Sect. 5.2.4, it was found that the sub-
jects using the TUI-based system performed better than
those using the other methods in applying the knowledge
learned to real-life settings. This improvement in general-
ization ability is encouraging, because it is what most
autistic people perform poorly in despite extensive training.

6 Design guidelines

Below is a list of guidelines and learned lessons, summa-
rized from the experience gained during the design and use
of CBT systems for LFA children. Some guidelines are
specific to TUI design, while others are for general UI and
CBT design for children with autism.

e Tangible object size: Because most LFA children lack
fine motor skills, a tangible object size matters to them
more than NT children. It is thus very important that the
size of a tangible object used for these users is chosen
such that it can be grabbed with ease.

e Tabletop size: The size of a tabletop should be chosen
such that its whole space is within arms-reach. By
reducing unnecessary body movement during system
interaction, a chance for a user being distracted by the
surrounding environment is also reduced. Nevertheless,
if the space is too small, LFA children tend to feel
uncomfortable, also leading to attention loss.

e Learning stimulation: In general, cognitive processes
for LFA children can be comparatively slow. Typically
during conventional training, an autistic user needs to
be stimulated by a therapist from time to time, to bring
back his/her attention to the lesson. For training with a
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CBT system, stimulation (such as narrative voice)
should be applied if the system receives no response
from a user for a certain time period. Based on
empirical study, the one-minute waiting time is
suggested. This waiting time period, while appearing
to be relatively too long for NT users, was chosen here
because in general the brain processes of LFA children
are comparatively slow.

e Use of sound: Children with autism may be excessively
sensitive to certain sounds. Thus, it is suggested that
disturbing and explosive sounds such as those of a
buzzer or exploding fireworks should be avoided.

e [Incorrect-response feedback: For NT children, use of
negative emotion expression (by means of animated
cartoon-like figure, for example) as part of an incorrect-
response feedback can be useful in communicating a
wrong answer to learners. However, this kind of
feedback should be avoided or kept to a minimal in a
CBT lesson designed for an autistic child. Children
with autism have a limited understanding of human
emotions and behavior [49]. As a result, they may not
be able to understand correctly the meaning that such
feedback attempts to communicate. For example, it was
observed that when a negative emotion expression was
used as part of an incorrect-response feedback (e.g., an
animated cartoon-like figure expressing bad mood),
some children with autism were attracted to such
feedback. As a consequence, they repeatedly chose a
wrong answer so as to watch the feedback again and
again.

e Giving a correct answer: For an interactive lesson, in
which a user learns things by interacting with a system,
a correct action or answer should be provided after
some unsuccessful/incorrect attempts. For an autistic
child, from an empirical study, it is suggested that the
system should allow up to a maximum of five
unsuccessful attempts before showing a correct answer
to a user. Asking for more answer attempts beyond that
point could lead to an autistic learner being frustrated
or reacting aggressively.

e Choice of foreground/background color: Most children
with autism lack figure-ground perception. To avoid
possible confusion, the color of the background must be
different enough to that of the foreground object. For
best results, the difference should be in terms of both
hue and color brightness.

7 Conclusion

Children with autism are generally resistant to change and
prefer predictable environments. Computer systems have

such dependable and predictable qualities that they can be
used for autism training. In this paper, the development of a
CBT system for LFA children has been described. A TUI-
based interaction style has been suggested. It has been
shown through experimental results that the TUI interface
offered improved ease of use compared to the mouse-based
WIMP interface. In terms of learning efficacy, for the case
study reported here, the TUI-based system offered more
improvement, as compared with the touch-based and con-
ventional training methods. The improvement is not only
better learning progress and achievement, but also on an
ability to apply the knowledge learned under a real-life
setting. The experience gained from the study, in combi-
nation with well-accepted knowledge on the characteristics
of children with autism, was used to provide guidelines for
the design of a CBT system for children with autism.
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