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SUMMARY In our previous project, an XML-based authoring tool was
provided for teachers to script multimedia teaching material with animated
agents, and a stand-alone learning system was designed for students to
display the material and interact with animated agents. We also provided
evidence that the authoring tool and learning system in computer-assisted
learning systems successfully enhances learning performance. The aim of
this study is to continue the previous project, to develop a Web-based mul-
timedia learning system that presents materials and an animated agent on
a Web browser. The Web-based multimedia learning system can provide
an opportunity for students to engage in independent learning or review of
school course work. In order to demonstrate the efficiency of this learning
system, it was applied to one elementary school. An experimental material,
‘Road Traffic Safety’, was presented in two learning systems: a Web-based
PowerPoint learning system and a Web-based multimedia learning system.
The experiment was carried out in two classes that had a total of thirty-
one 3rd-grade students. The results suggest that using our authoring tool
in a Web-based learning system can improve learning, and in particular,
enhance learners’ problem-solving ability. Students with higher achieve-
ment on the post-test showed better comprehension in problem-solving
questions. Furthermore, the feedback from the questionnaire surveys show
students’ learning interest can be fostered when an animated agent is inte-
grated into multimedia teaching materials, and that students prefer to adopt
the Web-based multimedia learning system for independent learning after
school.
key words: animated agents, Web-based learning environments, multime-
dia learning, interactive learning environment, e-learning

1. Introduction

A new technology emerges that incorporates animated
agents into instruction for creating powerful multimedia
learning environments. Animated agents are life-like char-
acters on the computer screen with embody life-like behav-
iors, such as body gestures and facial expressions. Ani-
mated agents enable multimedia learning environments to
combine verbal (spoken words) and non-verbal (e.g., emo-
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tion, gesture, motion) forms of communication; thus, they
are capable of facilitating the students’ engagement in the
learning process [1], [2]. Empirical studies have demon-
strated that learners have better results after interacting with
learning systems which incorporate animated agents [3], [4].
For example, Qi Dunsworth and Robert K. Atkinson [2] de-
signed an animated agent’s image for the purpose of in-
creasing a learner’s attention. This agent can improve a
learner’s ability to understand the human cardiovascular sys-
tem. Atkinson also made another study which adopted an
animated agent, Peedy, to deliver instructions either textu-
ally or aurally [1]. The authors emphasized that learners can
associate verbal information with Peedy’s gestures and gaze.

W. Lewis Johnson and JeffW. Rickel assert that a suc-
cessful animated agent design must take into account the ca-
pabilities of the platform and network that will be used [5].
They also consider that integrating animated agents into
Web-based learning materials is an interesting problem.
Furthermore, research proposed the development of a Web-
based learning system which designs animated agents as tu-
tors or learning companions for their on-line courses [5]–[7].
Maomi Ueno [7] further found that animated agents can im-
prove the interactivity of Web-based materials and enhance
the learners’ motivation. In recent years, most existing re-
search emphasizes how to increase the animated agent’s
ability and intelligence to engage and motivate learners.
However, teachers who are not animators or computer ex-
perts have difficultly learning to create a Web-based learning
system with animated agents since they lack the experience
or training; this is especially true for the majority of teachers
in elementary education. They usually use an HTML editor
(ex. Microsoft FrontPage) to create web pages or have had
experiences of embedding PowerPoint slide shows in web
pages. Thus, these teachers do not have the capability to
create animated agents in Web-based instruction materials

In our previous project, we designed an authoring tool
for scripting multimedia teaching material with animated
agents [8]–[10]. This authoring tool provides teachers with
a friendly virtual editor to help them edit instructional mate-
rials and script animated agents without complicated com-
puter and animation knowledge, and also gives students a
learning system which has to be installed on a PC to display
their teachers’ materials. The questionnaires completed by
the teachers and pupils showed that the majority of the par-
ticipants agreed that multimedia teaching material with an-
imated agents is able to increase the pupils’ motivation and
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engagement.
Therefore, the study presented here continues this

project and develops a Web-based multimedia learning sys-
tem that presents materials and an animated agent on the
Web. Elementary students are able to interact with the de-
signed Web-based multimedia learning system via a web
connection and Internet browser. During this interaction,
students are free to learn subjects from multimedia teaching
materials and receive advice from animated agents without
the boundary of the classroom. Thus, the Web-based multi-
media learning system also provides an opportunity for stu-
dents to engage in independent learning or review of school
course work.

An evaluation was made between two groups of stu-
dents who received either a course presented by the Web-
based multimedia learning system, or the Web-based Pow-
erPoint learning system. All of students’ results were ex-
amined. We used a Web-based PowerPoint learning sys-
tem because a lot of research proposes that PowerPoint is
a presentation staple in computer assisted learning envi-
ronments [11]. This research thinks that PowerPoint is a
user-friendly application that can be used for the creation
of visually clear, dynamic and attention-capturing presen-
tations [12], [13]. Thus, PowerPoint is widely used in edu-
cation around the world [11], [14]. The majority of teach-
ers in Taiwan’s elementary education have experience in us-
ing PowerPoint to produce Web-based instruction materials.
PowerPoint slides can be linked by standard hyperlinks in
web pages, and thus students can acquire the PowerPoint-
based materials via the Internet.

Our survey is primarily focused on the teaching ef-
ficacy of the Web-based multimedia learning system, and
further explores students’ attitudes toward the animated tu-
tor and the two learning systems. Firstly, this paper in-
vestigates students’ results after using the designed sys-
tem. In the experiment, short-term memory is measured
by using retention tests, and comprehension is measured
by using problem-solving tests. This investigation shows
that our Web-based multimedia learning system effectively
teaches problem-solving skills in students. Secondly, the
questionnaire was conducted to understand students’ atti-
tudes toward animated agents; the results show that inte-
grating an animated agent into multimedia teaching mate-
rials efficiently fosters students’ learning interest. In addi-
tion, the questionnaire also explores the overall significance
of the students’ attitudes towards the different instructional
systems. The results show that the Web-based multimedia
learning system satisfies more students than the Web-based
PowerPoint learning system does.

The paper is organized as follows: in Sect. 2, we de-
scribe an overview of the existing multimedia curriculum
script, and then explains the visual authoring tool. Section 3
introduces the Web-based multimedia learning system. In
Sect. 4, an overview of the evaluation method is given. Sec-
tion 5 describes the results of the experiments we carried
out. Finally, the last section presents our conclusions and
future research direction.

2. Multimedia Curriculum Script and the Authoring
Tool

Tsou and his colleagues [15] indicated that teachers have
difficulties in integrating their instructional content into dig-
ital learning materials. If a teacher wants to customize a
multimedia learning system, he/she will need the help of
computer professionals. An appropriate solution is to pro-
vide a convenient authoring system. An authoring tool was
developed in our previous study, which allows teachers to
edit teaching materials that incorporate animated agents, as
well as external multimedia objects, such as on-screen texts,
images and video/audio files. The teaching material pro-
duced from this authoring tool, termed ‘multimedia curricu-
lum scripts,’ is documented in XML tagging structures [8]–
[10].

Referring to the segmenting principle [16], breaking a
continuous lesson into bite-sized manageable segments can
effectively reduce the cognition loads during the learner’s
essential cognitive process. Each segment conveys a
maximum of three correlated elements. In other words,
the teacher may try to combine multimedia from several
sources, all pertaining to a common subject, together into a
segment, and further link several segments together to make
a lesson. Thus, the structure of a multimedia curriculum
script in our design has three layers: the lesson layer, the
segment layer and the tutor layer. Each script layer corre-
sponds to an XML tagging structure.

2.1 Tutor Script

The animated tutors are constructed by using the Microsoft
Agent animation engine. If the family of Microsoft
Windows systems is installed, several default actors (i.e.
Microsoft agents) are available, and each actor has a unique
name. The speech function is able to specify a tutor’s in-
structional advice in printed text and spoken voice. Based
on modality principles [17], words (e.g. on-screen speech)
in a learning system should be spoken rather than appear
only as on-screen text. The Microsoft agent engine has a
support function for an agent to vocalize its language, but
this function is limited to English.

Figure 1 shows the example of a tutor script in our
multimedia curriculum scripts. Three XML tags, 〈Actor〉,
〈Speech〉, and 〈Motion〉, corresponding to the definition of a
tutor, are used to script an animated agent. The 〈Reference〉
is an optional element which specifies the necessary exter-
nal multimedia source files, such as movie clips, audio files,
or other text files.

2.2 Segment Script

Figure 2 shows the example of a segment script. The XML
tag, 〈Theme〉, is designed to specify the necessary multi-
media assets of a segment. It allows a teacher to explain
the segment material with images or video/audio files. The
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Fig. 1 An example of a simple tutor script.

Fig. 2 An example of a simple segment script.

〈Tutor〉 is a tag to link to a tutor script. Therefore, it needs
a sequence of 〈Tutor〉 tags to specify the order in which the
tutors appear. In Fig. 2, the 〈Theme〉 element is used to spec-
ify a background picture to be the theme of this segment
script. The segment script displays a sequence of two tutors
scripted as Tutor 2 and Tutor 3. The segment contains two
〈Tutor〉 tags in order to specify two tutor scripts.

2.3 Lesson Script

Makoto Takeya and his colleague assert that while a
computer-assisted learning system provides a non-linear
linking structure in the multimedia network, students are
able to set up their own goals and create their own paths

Fig. 3 An example of a simple lesson.

to help them engage in learning [18]. Other research further
provides evidence that student navigation and interpretation
of materials represented in non-linear content structure can
enhance the effect of instruction in multimedia learning sys-
tems [18], [19]. Thus, in order to enhance adaptivity, the les-
son script provides a non-linear interactive structure for stu-
dents to decide their own learning directions based on their
interests. Figure 3 shows an example of the lesson script.
A mandatory tag, 〈SegmentInit〉, is used to specify the start-
ing segment in a lesson script. The 〈Interactivity〉 tag has a
SegmentID attribute for specifying a set of buttons to link
to the following segments. The 〈Interactivity〉 tag also has
a sub-tag, 〈Button〉, for scripting the details of each button
within 〈Segment〉 and 〈Text〉. The 〈Segment〉 tag specifies
which successive segment script will then be loaded, and
the 〈Text〉 tag specifies the caption for a button. In Fig. 3,
the initial segment, Segment1, represents an animated tutor,
and the lesson presents two buttons, “No.” and “Yes.”, re-
spectively. The learner can click the ‘No.’ button to load the
‘Segment2’ segment, or click the ‘Yes.’ button to load the
‘Segment3’ segment.

2.4 Authoring Tool

The authoring tool provides a visual editor for a teacher to
edit material contents pertaining to his/her subject by select-
ing and deploying the necessary multimedia objects (e.g.,
images, video/audio files, etc.). The teacher can also use the
authoring tool to set up an animated agent by configuring its
appearance and motion patterns, as well as its speech. The
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curriculum script generator of the authoring tool produces
teaching material documented in three XML-based curricu-
lum scripts. In other words, teachers can create, delete and
modify a lesson script, including its segment scripts and tu-
tor scripts, in an easy and intuitive manner using this author-
ing tool.

The current version of our authoring tool has been suc-
cessfully developed for Microsoft Windows systems. The
window-style layout of this visual editor helps teachers to
become familiar with its manipulation. Figure 4 shows the
user interface of the authoring tool. When a teacher creates
a new curriculum by using the authoring tool, a lesson script
will first be generated.

There are five main sections: Lesson Management,
Theme Setting, Button Setting, Tutor Setting and Sequence
Management. In the Lesson Management section, a window
displays the current lesson structure in a diagram consist-
ing of segments. Each segment is depicted as a rectangular
block. The link between two segments is represented as a
solid line. Moreover, Lesson Management provides a pop-
up menu which comprises of two options: to insert a new
segment, or to remove an existing segment from the current
lesson structure. After adding or deleting segments, the les-
son structure can be redisplayed immediately.

When one of the segments in the Lesson management
section is selected, the Theme Setting section will provide a
form for the teacher to edit the selected segment. The form
provides GUI widgets that allow teachers to employ an ex-
isting multimedia file (e.g., images) to present the theme of
the segment. Similarly, the Button Setting section provides
GUI widgets for teachers to link the current segment to its
successive segment by setting up a button. The Tutor Setting
section provides a form for teachers to establish animated tu-
tors in the current segment. The form allows for the adding
or removing of a Microsoft agent in the current segment. It
provides a set of GUI widgets to configure the appearance,
speech and motion of an animated tutor, as well as the exter-
nal multimedia files. Furthermore, the working sequence of
an animated tutor is displayed in the Sequence Management
section. Each line listed in the sequence corresponds to a tu-

Fig. 4 Main page of the authoring tool.

tor script. Thus, the teacher is able to decide and rearrange
sequence by modifying the tutor scripts.

3. Web-Based Multimedia Learning System

The learning system provides web-page-based user inter-
faces for students to learn curriculum scripts authored by
teachers. A student can read the learning content and in-
teract with an animated agent via a Web browser (e.g.,
Microsoft Internet Explorer). A script interpreter is devel-
oped to interpret curriculum scripts and then present mul-
timedia materials by invoking the corresponding multime-
dia object players, as well as present the animated agent by
invoking the Microsoft Agent engine. There are two fac-
tors that influenced our decision to choose the Microsoft
agent engine. Firstly, it takes a lot of time and effort to
design programmable animated characters from scratch by
using 2D/3D mpeg technology, which is unnecessary in
Microsoft, whose agent has related supported APIs for pro-
grammers to specify the presence of a Microsoft agent. Sec-
ondly, Microsoft agents are cartoon-like avatars and each
avatar has diverse default animated gestures and motions.
Cartoon-like avatars make young pupils in elementary edu-
cation more at ease and more entertained within the learning
environment.

Figure 5 shows the main page of the learning system. It
is divided into three sections: Exposition of the Curriculum
Content, Control Panel and Tutor Dialogue. In the Exposi-
tion of the Curriculum Content section, there is a window to
display the authored curriculum script. For example, Fig. 5
shows a curriculum script that presents an elementary edu-
cation lesson: ‘Road Traffic Safety’. An XML interpreter
in the learning system is able to parse the lesson script and
load the starting segment onto the displayed window. The
multimedia object driver of the learning system then loads
the corresponding graphics and video/audio narration that is
specified in the segment script. The Microsoft agent driver
of the learning system also loads the animated agent as spec-

Fig. 5 The main page of the Web-based multimedia learning system.



758
IEICE TRANS. INF. & SYST., VOL.E94–D, NO.4 APRIL 2011

ified in the tutor script. Therefore, students can read the
content on the screen and also receive visual/auditory ad-
vice from the animated agent.

The Control Panel section displays a set of buttons
as specified by the teacher. In Fig. 5 example, the teacher
edited three buttons using the authoring tool, a ‘back’ but-
ton, a ‘next’ button, and a ‘replay’ button, allowing the
pupils to interact with the system by using buttons.

The Tutor Dialogue section is able to display the ani-
mated agent’s previous dialogues on the right of the screen.
This window thus allows students to review the animated
agent’s explanations and encourages them to recall the in-
structions.

4. Evaluation Method

4.1 Materials and Apparatus

The material for evaluation consists of thirty-four segments
of a ‘Road Traffic Safety’ lesson. The content presents
‘Taiwan Highway Traffic Safety’ and was adapted from a
3rd-grade elementary textbook approved by the Taiwan’s
Ministry of Education. Thus, our evaluation did not use
primary courses in Taiwan elementary education, such as
‘mathematics’ or ‘science’. There are two factors that influ-
enced our decision: firstly, the parents of the participating
pupils did not want this evaluation to add to their child’s
study load; secondly, the comments from the participating
teachers stated that a life education course would cause less
pupil anxiety in the experiment.

Two teachers of the pupils in this experiment were in-
vited to join the project. Both have worked in elementary
education for many years. They also have experience and
the basic skills for designing PowerPoint-based slides. Be-
fore designing and editing the materials in this experiment,
both teachers were requested to participate in a tutorial in-
troduced our authoring tool. As they started to edit the ma-
terial for the experiment, they were requested to design a
PowerPoint version. Then, the two teachers used the author-
ing tool to edit the Web-based multimedia learning version
that corresponded with their Web-based PowerPoint version

Figure 6 shows the corresponding Web-based Power-
Point learning system. In each page, the pupils read the ma-
terial presented on the screen. The navigation of the learn-
ing system, such as going back a single screen, replaying
the current screen or moving to the next screen, is under-
taken simply by the click of a mouse. In Fig. 6, when the
pupils click their mouse on the screen, the learning system
will advance the material content to the next page.

Figure 7 shows the corresponding Web-based multime-
dia learning system. This system combines images, the an-
imated tutor’s presentation, text explanations and instruc-
tions to advance the pupils’ learning. Pupils can read the
teaching content on the screen and accept visual/dynamic
advice from the animated tutor. The animated tutor presents
words and speaks corresponding to the modality and multi-
media principles, and this facilitates a deeper level of under-

Fig. 6 Examples of the Web-based PowerPoint learning system.

Fig. 7 Examples of the Web-based multimedia learning system.

standing in pupils through the associations made between
verbal and visual presentations [17]. The dialogue window
displays the animated tutor’s previous dialogues on the far
right of the screen.

In our experiment, the Web-based multimedia learning
system not only provides a control panel for the pupils to
set their own learning pace, but also enables the pupils to
decide the animated tutor’s actions. As shown in Fig. 7 (a),
when the pupils press the left button, the learning system
will change the material content from Fig. 7 (a) to Fig. 7 (b);
when they press the middle button, the learning system will
change the content to Fig. 7 (c). In other words, we use a
non-linear interactive structure to enable students to decide
animated tutors’ advice and motion, and further to create
an active relationship between the students and the learning
system.

4.2 Participants

The participants are two classes of 31 3rd-grade pupils at the
Chiau-Rung Elementary School in Taichung City, Taiwan.
One class has 17 students and the other class has 14 students.
16 are male and 15 are female, and their ages range from 9 to
10. The first class (N = 17) is assigned to use the Web-based
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PowerPoint learning system, and the other class (N = 14) is
assigned to use the Web-based multimedia learning system.
All participants are familiar with the basics of computers,
such as mouse clicking and web-page browsing. Before the
experiment, none of the students have viewed our materials.

A twenty-minute pre-test is given to all participants to
measure their basic knowledge of the used material. The
maximum total score of the pre-test is 100. The pre-test
means of the two groups are 52.94 and 51.76. The simple
factorial t-test reveals no significant difference between the
two groups; t(29) = 0.685, p > 0.05, indicates that the two
groups are at the same level of knowledge with regard to the
experimental materials.

4.3 Procedure

Each group enters one of two computer labs, which have
been installed with Web-based multimedia learning systems
and Web-based PowerPoint learning systems, respectively.
All participating pupils are given one hour to complete the
learning activities. When the participants are complete, ev-
eryone is given a twenty-minute post-test. After both groups
have completed the post-test, the two groups are asked to
switch computer labs. Thus, all participants experience the
two systems. Finally, the participants fill out a questionnaire
to evaluate their attitudes toward the animated tutor and the
two learning systems.

4.4 Scoring of the Post-Test

All questions in the post-test were designed by the two
teachers, who had designed the materials for the experiment.
There are two types of questions: retention and problem-
solving. The retention questions are twenty multiple-choice
questions, in which students choose one of four answers.
The multiple-choice questions are four points for each ques-
tion answered correctly. Five problem-solving questions
are used to measure students’ comprehension and problem-
solving ability. Each question is a statement which de-
scribes a traffic problem. Students have to underline the
error and write the correct answer to complete each ques-
tion. The problem-solving questions also are four points for
each question answered correctly. The maximum total score
of the post-test is 100.

4.5 Learning Attitudes

A questionnaire of learning attitudes is conducted after fin-
ishing both systems. The first part of the questionnaire has
six items which measure students’ attitudes toward the an-
imated agent’s presentation. All items are measured on a
five-point Likert scale in which 5 is “strongly agree” and 1
is “strongly disagree”. The second part of the questionnaire
consists of five items investigating which learning system
the students prefer.

5. Results

The significant differences in the post-test between the two
learning systems are assessed using simple factorial t-test
analyses. Cohen’s d statistic is an effect size used to indi-
cate the standardized difference between two means. It can
be calculated as d values of 0.2, 0.5 and 0.8 correspond to
small, medium and large of the effect size, respectively [20].
All statistical analyses is performed with an alpha value of
0.05.

5.1 Post-Test Scores

Table 1 presents the means and standard deviations for the
overall, retention and problem-solving test scores in the
post-test. In the overall post-test, the t-test reveals that the
Web-based multimedia learning system has a significant dif-
ference in student performance, t(27) = 2.154, p < 0.05,
and results of the post-test show that it (M = 69.29, SD =
10.10) outperforms the Web-based PowerPoint learning sys-
tem (M = 58.71, SD = 16.93). Cohen’s d statistic for this
data yields an effect size estimate of 0.759, which corre-
sponds to a medium-to-large effect.

The retention results show that there are no significant
differences in student performance between the two groups,
t(29) = 0.808, p > 0.05, although the Web-based multi-
media learning system achieved a higher mean score (M =
49.71, SD = 10.25). The problem-solving t-test results re-
veal that the Web-based multimedia learning system has a
significant difference in student performance, t(17) = 4.092,
p < 0.05, and also show that the Web-based multimedia
learning system (M = 19.57, SD = 1.16) outperforms
the Web-based PowerPoint learning system (M = 12.59,
SD = 6.92). Cohen’s d statistic for this data yields an effect
size estimate of 1.407, which corresponds to a large effect.

5.2 Result of the Questionnaire

From the data collected from the thirty-one students that
have completed the learning activities on both instructional
systems, the calculated Cronbach’s alpha reliability for the
questionnaire was 0.814. This indicates that the collected
data is highly reliable. Results of the post-questionnaire are
listed in Tables 2 and 3.

The results show the general mean value of consensus

Table 1 Descriptive statistics for post-test scores.
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Table 2 The attitudinal survey to the animated agent’s presentation.

Table 3 The preference survey for both learning systems.

is 4.55 (SD = 0.75), indicating that the majority of par-
ticipating pupils are “highly satisfied” with integrating an-
imated agents in the proposed multimedia learning system.
All mean values of the questions are higher than or equal to
4.00, which means that the students hold affirmative opin-
ions. In fact, existing studies found that an animated charac-
ter can render a learning system more entertaining or engag-
ing [3], [21], [22]. Virtual characters make learning systems
more life-like, and this increases students’ attention and mo-
tivation to stay in a learning environment. Therefore, this re-
sult suggests that animated tutors are able to foster students’
interest in the learning process and focus their attention on
the most relevant information in a Web-based multimedia
learning system.

The result of the preference survey shows that over
90% of the students state that they paid greater attention to
the Web-based multimedia learning system. They also agree
that it is more interesting, and they feel more at ease using
it. Furthermore, the majority of the students (97%) agree
that the Web-based multimedia learning system increases
their motivation and engagement in the learning environ-
ment. They also prefer to use it for independent learning
after school.

6. Conclusion

This research is an extension of our previous project. It pro-
vides evidence from memory retention and comprehension

tests by comparing a Web-based multimedia learning sys-
tem with a Web-based PowerPoint learning system. The re-
sult of the post-test suggests that the Web-based multimedia
learning system significantly improves students’ learning
and effectively teaches their problem-solving abilities. This
increases the ability of students to apply their knowledge
to solve traffic problems like those given in the problem-
solving questions. However, the increase in comprehension
is not necessarily accompanied by an increase in memory
retention. The retention test of this experiment showed that
in the Web-based multimedia learning system, students did
not score significantly higher than in the PowerPoint-based
learning system. The possible reasons for this may be:
• The animated agent integrated into our multimedia

material may cause more efficient comprehension. Research
by Lester and Stone [23] and Moreno et al. [24] has demon-
strated that animated agents can generate important educa-
tional benefits by improving students’ problem-solving abil-
ities. They found that animated agents can provide a strong
positive effect on students’ learning experiences and by us-
ing speech, gaze and gestures, personalize the learning task
and help students create a positive relationship with the vir-
tual character. Therefore, when an animated agent is in-
tegrated in the multimedia environment, the computer in-
creases the students’ social response and promotes interest
in the learning task. Such a phenomenon is also confirmed
in our experiment.

In Table 2, Question 4 (M = 4.58, SD = 0.76) and
5 (M = 4.58, SD = 0.67) have high scores, revealing that
students viewed the animated tutor like a mentor providing
instructional knowledge and advice. Reeves and Nass [25]
state that interactions between learners and virtual charac-
ters endowed with various social attributes create a kind of
personal relationship. Animated characters can build and
maintain long-term, socio-emotional relationships with their
users [26]. Thus, the high scores reflect these theories and
prove that animated tutors facilitate and enrich the interac-
tion between student and computer in a learning context, and
further help student with reducing the loads of understand-
ing teaching materials.

Furthermore, Table 2 also shows that the scores from
Question 1 (M = 4.68, SD = 0.60), Question 2 (M = 4.42,
SD = 0.76) and Question 6 (M = 4.45, SD = 0.93) are
higher than the average of 3. This reveals that the animated
tutor is really able to increase pupils’ learning motivation
and interest. In fact, existing studies find that an animated
character can render a learning system more entertaining or
engaging [3], [21]. Virtual characters make learning systems
more life-like, and this increases students’ motivation to stay
in a learning environment. In our experiment, these moti-
vated students rise in new problem-solving situations. Thus,
we suggest that the results of effective learning are more ob-
vious in problem-solving tests than in retention tests.
• Non-linear interactive structure is designed in our

multimedia material so that it may foster deep learning. The
Web-based multimedia learning system gives students the
control panel and allows them to set their own learning pace.
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With the animated agent around the pane, students may feel
that when they press a button in response to the animated
agent, it presents new information according to their ac-
tion. This may help students develop an active relationship
with the material content. Mayer and Chandler [27] found
the effect of learner interaction is able to reduce the stu-
dents’ cognitive load on their working memory. In their ex-
periment, the interactivity took the form of a button which
would reveal the next stage of the lesson when pressed. The
students who used the interactive system had significantly
higher transfer-test scores than those who used the non-
interactive system. Evans and Gibbons [28] found a simi-
lar result in their study. They demonstrated that interactive
systems can increase effective learning by engaging learn-
ers more closely with the material. They also suggested that
adding interactivity to a computer-based lesson is able to in-
creases learners’ understanding.
• The animated agent’s dialogues are highlighted on the

screen so that it may reduce students’ cognitive load. In our
learning system, we not only provided the animated agent’s
advice to guide students as they process information, as
well as reduce visual searching on the screen, but also high-
lighted its previous dialogues on the Tutor Dialogue section
to help students organize the animated agent’s explanations.
Corresponding to Mayer’s signaling principle [16], students
learn more deeply when cues are added that highlight the
main ideas and organization of the words. Thus, we thought
such a highlight design may reduce extraneous information,
and further promote a better comprehension test.
• The keywords of the material, ‘Road Traffic Safety’,

are not very difficult to remember. One of the teachers in our
experiment commented, “I think this material is common
knowledge, and students easily associate the contents with
their life.” Thus, we think that students can easily recall the
material after learning.

In addition, the previously presented questionnaire
found pupils had more positive attitudes and interests when
the lesson was taught by an animated tutor. The results
of the attitude survey indicate that adding an animated tu-
tor into a multimedia learning environment may foster stu-
dents’ learning activities and facilitate their engagement in
the learning process. Furthermore, the majority of partic-
ipating pupils think that the Web-based multimedia learn-
ing system was more interesting than the Web-based Power-
Point learning system. The results of the preference survey
show that the pupils prefer to adopt the Web-based multi-
media learning system to review school course work, and
further engage in independent learning after school. Thus,
this study may suggest that teachers in elementary educa-
tion who adopt our tool can foster improved learning perfor-
mance. We also hope that the Web-based multimedia learn-
ing system can play a scaffolding role to help pupils develop
independent study skills after school.

However, the course, ‘Road Traffic Safety’, in this ex-
periment is not a major course in Taiwan elementary edu-
cation. In our future work, we will cooperate with teach-
ers, students and their parents to design appropriate mate-

rial for major courses, such as ‘science’, and further investi-
gate the evidence of our research. Moreover, one of teachers
in our experiment suggests, “If possible, more practical de-
tails or activities can be added to the Web-based multimedia
learning system, such as on-line examinations or training,
to improve the students’ ability to use creative thinking and
problem solving.” Thus, we should develop a more power-
ful Web-based multimedia learning system in order to foster
more effective learning in the future.
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