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Abstract

This study developed an interactive Intelligence
Augmented Reality Tutoring System (IARTS) for
mathematics teaching and learning. IARTS consists of
learning aid, virtual tutor, and guiding mechanism for
mathematics problem solving. One hundred thirty-seven
eighth grade students from four classes of a southern
Taiwan junior high school participated in this study. Two
classes were set as the experimental group with 67
students using the IARTS. Two classes were the control
group with 70 students using multimedia material with a
QR code that linked to a YouTube channel. A set of
questionnaires was administered to evaluate students’
learning motivation and system acceptance. Also, a semi-
structured focus group interview of both students and
teachers was conducted. The results showed that learning
motivation and system acceptance of the experimental
group were not significantly better than the control group.
The theoretical implications of using augmented reality
for teaching and learning are discussed and practical
implications are proposed.

Keywords: Augmented reality, Intelligent tutoring
system, Interactive learning environment,
Learning motivation

1 Introduction

Many educational institutions have developed
computer-based systems, software, and applications to
facilitate teaching and learning. A variety of emerging
technologies such as internet of things, tablet
computing, gamification, virtual reality (VR), and
augmented reality (AR) have been developed in recent
years. Previous researchers have pointed out the
application of AR and VR as teaching aids or as
instructional strategy to facilitate teaching and learning
[1-3]. AR and VR have enriched educational strategies.
For example, Billinghurst, Mark, Belcher, Gupta, and
Kiyokawa [4] empirically supported that using AR as a
teaching aid helped the interaction between teachers
and students. AR has also been shown to be effective
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in improving academic achievement compared to
traditional teaching methods [5-6].

In Taiwanese junior high schools, students often
encounter many setbacks and difficulties in learning
mathematics and do not perform very well on tests.
Thus, this study pioneered an interactive Intelligence
Augmented Reality Tutoring System (IARTS) for
mathematics teaching and learning. IARTS consists of
learning aid, virtual tutor, and guiding mechanism for
mathematics problem solving. If students did not
understand contents in the class, they could use the
IARTS system to learn by themselves at home. It is a
novel application with visual effects and simple
intuitive interaction that combines virtual teaching
materials and the guidelines for problem solving. With
the help of IARTS and interactive guidance in their
learning process, students learn the fundamentals of the
content more effectively, improving their learning
outcome and achieving a better understanding of
mathematics.

2 Literature Review

2.1 Characteristics / Classification of Augmented
Reality (AR)

Augmented Reality (AR) is an emerging technology
used as a teaching aid in many aspects of education.
AR has three characteristics: (1) the combination of
real and virtual objects in a real environment, (2) real
time interaction, and (3) virtual objects registered in
3D [7]. AR allows virtual objects to be seamlessly
overlaid onto views of the real world [8]. In addition,
there are two methods of displaying AR: (1) See-
Through AR and (2) Monitor-Based AR. See-Through
AR allows users to directly view the surrounding
environment through the monitor. The monitor also
displays the virtual image, which merges elements of a
physical real-world environment with virtual
computer-generated imagery such as images, photos,
3D objects or scenes. The Monitor-Based AR
combines images captured by the webcam with virtual
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images, permitting their viewing on Head Mounted
Display (HMD) or a computer monitor [9].

Milgram and Kishino [9] consider the real
environment and the virtual environment as a
continuum, as shown in Figure 1. They represent the
two ends of the continuum, respectively. The left
shows a real environment which is inwardly contracted
to form Augmented Reality (AR), while the right
depicts a virtual environment from which Augmented
Virtuality is formed when contracted inwardly. Mixed
Reality (MR) is located in between the real
environment and the virtual environment. Mixed
reality is a combination of AR and AV, the real world
and the virtual environment to create a virtual image
which in line with human vision, so that people can
instantly interact with virtual objects.

Real Augmented Augmented Virtual

Environment Reality (AR) Virtality (AV) Environment

Figure 1. Schematic diagram of real and virtual
performance [9]

AR technology works by identifying the target
object and then tracking the identified objects. The
imposed virtual images are then tacked onto the object
which is then presented on the display device. At
present AR is divided into three categories [10], (1)
marker-based AR: using the black box as a marker for
better identification and tracking; (2) markerless AR:
identifies and tracks natural patterns, like photos,
wedding invitations, greeting cards, posters, business
cards, credit cards, brochure and so on, as image
processing technology has advanced, the most common
form of AR is markerless; (3) location based services
(LBS) AR or “mobile location service,” “geo location
service” and “location service.” Geographic location is
the basic application of value-added services. LBS is
the mobile device GPS positioning function to provide
the current location.

2.2 AR Applications

Billinghurst, Kato, and Poupyrev [8] exploited AR
to design a set of books called “Magic” book. AR
books look like common paper books, but they are
presented by AR with 3D animation to visualize the
contents of the book. Therefore, learners can use the
handheld HMD to experience the AR scenes in Magic
books. Such reading method can help users turn their
imaginary world into reality and then inspire more
imagination when reading. In addition, Dunser and
Hornecker [11] observed the condition of students’
reading AR textbooks from tablets and found that
students’ reaction and engagement with AR textbooks
was higher than traditional textbooks. Moreover,
Liarokapis, Petridis, Lister, and Liarokapis, Petridis
Lister, and White [12] proposed a Multimedia

Augmented Reality Interface E-Learning (MARIE),
which was later successfully implemented to transform
education in order to enhance teaching and learning
methods. Likewise, with the wide use of smart phones,
AR is set to become a ubiquitous commodity for
mobile learning. For example, Specht, Ternier, and
Greller [13] indicated AR applications on smart mobile
phones have created interactive experiences for users.

Furthermore, Fjeld, Juchli, and Voegtli [14] reported
that tangible interaction of AR could be brought to
chemistry education and described a Tangible User
Interface (TUI) and Augmented Chemistry (AC) by
giving details on basic and specialized interactive tools
working in this system and outlining the educational
context. Soga, Matsui, Takaseki, and Tokoi [15]
developed AR guidance and diagnosis function of
constellations’ shapes in learning astronomy with the
Wii remote controller. Likewise, Sunyoung, Junhun,
Yeongmi, and Ryu [16] proposed a preliminary AR
system framework for ‘Sil-Gam’ book where users
could experience virtual contents through haptic
interaction. It provides readers with realistic or abstract
experiences of contents through virtual and augmented
reality technologies.

There has been a rapid adoption of AR in wider
educational fields. One mathematical-based application
is Construct3D. It offers a three-dimensional geometric
construction tool specifically designed for mathematics
and geometry education. It is based on the mobile
collaborative augmented reality system, “Studierstube,”
which is a system for improving spatial abilities and
maximizing the transfer of learning [17]. Also, Juan,
Beatrice, and Cano [18] presented an AR system for
learning the inner human body. This system could be
improved by adding new organs. They tested the
systems with children from the Summer School of the
Technical University of Valencia. They also analyzed
whether the use of a Head-Mounted Display or a
typical monitor influenced the experience of the
children. AR can further be applied in music teaching.
Feng, Yu, Yao, Zigiang, and Sidan [19] presented a
novel markerless augmented reality based on a piano
teaching system, tracking the actual keyboard of a
piano. Following the virtual hands augmented teaching
on the keyboard, beginners can practice playing the
piano naturally. Moreover, AR has applications in
learning Chinese. Chen et al. [20] proposed a prototype
of AR learning system that enabled school children to
have a better understanding in the pronunciation and
memorization of Chinese. This evidently enhanced the
learning motivation and interest of school children.
This study showed an interesting way to promote
Chinese phonetic alphabet learning via AR
environment. The project revealed that AR did make
the interaction and interface more user-friendly so that
the children became more immersed in the learning
scenario.

Although AR has been applied widely in education
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curriculums, most studies have concentrated on a one-
sided study, either teacher’s teaching or student’s
learning. However, they have neglected that teaching
and learning is closely intertwined. Above all, AR,
which turns abstract ideas into concrete concept, is not
necessarily utilized in all researches. As a result, this
research, focusing on mathematics, probes into not
only the teacher’s teaching but also the students’
learning.

3 Intelligence Augmented Reality
Tutoring System (IARTS) Learning
Environment

This study established an IARTS for mathematics
teaching and learning. The IARTS consists of learning
aid, virtual tutor, and guiding mechanism for
mathematics problem solving. The development of
IARTS was based on the software development kit
(SDK) Vuforia and the Unity game engine. Students
used a smartphone camera to preview a textbook on the
display to present a view of the real world. The
interactive user interface and menu were then
superimposed on the smartphone camera preview in
real-time. The virtual tutor, learning materials, and
virtual objects appear to be overlaid on the textbook.
The development of IARTS processing procedure
consists of the following: (1) designing markerless
pattern: designing pictures as the AR markerless
pattern in order to recognize IARTS; (2) creating
tracking: creating identifiable features used for system
recognition and tracking; (3) designing learning
materials: designing and modelling the learning
content that include virtual tutor model, learning
contents, pictures, and video materials; (4) designing
user interface (UI): using Photoshop and Illustrator to
design the interactive menu and import to Unity; (5)
building AR environment: designing and creating AR
learning environment in Unity; (6) programming C#
script: programming interactive function script; and (7)
publishing application: compiling the application and
generating the Android Package (apk). The final
IARTS for mathematics teaching and learning is now
available on Google Play (Figure 2).
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Figure 2. IARTS for mathematics teaching and
learning on Google Play

On the main screen of TARTS, there are four
interactive buttons: (1) course units, (2) course
descriptions, (3) exit system, and (4) acknowledgement
as shown in Figure 3.

Figure 3. IARTS main screen

The learning materials were based on an 8th grade,
junior high school, textbook that was assigned from
Ministry of Education in Taiwan. The IARTS lesson
units in this study focused on arithmetic progression
and arithmetic series and geometric figure and
geometric construction (Figure 4).
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Figure 4. IARTS lesson units

Figure 5 shows the practice session menu. Users
click on a cell and the equal progression menu is
presented. The first unit’s chapter sub-menu include 1-
1 equal difference columns, 1-2 equal progression
series, Chapter 1 comprehensive exercises, and Return
to previous page button. Figure 6 shows the second
practice session unit, Geometry and Ruler Drafting
menu. Users click on the menu button, which brings up
2-1 Life Plane, 2-2 Vertical, Bisection and Line
Symmetry, 2-3 Ruler Drawing, Chapter 2 Comprehensive
Exercise, and Return to Previous Page Buttons.

4 Experimental Design

4.1 Participants

There were 137 eighth grade students from four
classes of a southern Taiwan junior high schools in this
study. The average age of those students were between
13 and 14 years old. All students possessed a smartphone
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Figure 6. IARTS Chapter 2 subunits

as a requirement. Two classes were set as the
experimental group with 67 students using the
Intelligence Augmented Reality Tutoring System
(IARTS). The other two classes were set as the control
group with 70 students using multimedia material with
QR code that linked to a YouTube channel. The same
instructor was responsible for these four classes. Figure
7 shows an experimental group’s student using [ARTS.
Figure 8 is IARTS processing the contents. There are
two buttons in Figure 9, the return button and share
button. The return button returns to the course content
list and the share button shares the learning content
screen with other students via Line, Facebook
messenger, WeChat, and other communication apps.
Figure 10 illustrates the student operation process,
Chapterl - Arithmetic sequence and Arithmetical
progression, and Chapter 2 - Geometry and ruler
drawing, respectively.

Figure 7. Experimental group’s student using IARTS
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Figure 9. Student operation process (Chapterl -
Arithmetic sequence and Arithmetical progression)

Figure 10. Student operation process (Chapter 2 -
Geometry and ruler drawing)

4.2 Procedure

The experimental procedure is illustrated in Figure
11. This study first assigned students into groups. The
random sampling technique was used to assign
students into either the experimental or control group.
Next, teachers introduced the learning activity and task,
which included the purpose and importance of this
study. After the introduction to the learning activity
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and task, both the experimental and control groups
spent 100 minutes to participate in either TARTS
approach or multimedia learning with QR code that
linked to a YouTube channel. For the experimental
group, students first setup their smart phones in the
classroom. This preliminary procedure included
linking to the wireless network, downloading the app,
and installing IARTS. The IARTS learning materials
included the arithmetic progression and arithmetic
series and the geometric figure and geometric
construction. After the experiment finished, a set of
questionnaires was administered to both groups to
evaluate students’ motivation and system acceptance.
After the questionnaire, interviews were conducted
with both students and teachers to gather their opinions
and suggestions for future improvement.

Experimental Control group
group (N=67) (N=70)

l l

Introduction to learning activity and task 50 min
l l
Moo | Mimedales | oo
l l
Questionnaire 50 min
l
Interview 130 min

Figure 11. Experimental procedure

4.3 Instrument

A set of questionnaires was developed based on
previous studies to evaluate students’ learning
motivation and system acceptance. In addition, the
questionnaires were reviewed by two experts to ensure
content validity of the instrument. First, the
Instructional Material Motivational Survey (IMMS)
(Figure 12 and Figure 13) was conducted to assess
students’ learning motivation. The IMMS instrument is
based on the ARCS motivation model [21-22] and was
slightly modified for the AR content to meet the
purpose of this research. IMMS consisted of 36
questions measured on a five-point Likert-scale. The
response of 1 represented “strongly disagree” and 5
stood for “strongly agree.” The Cronbach’s o values of
the four dimensions were 0.80, 0.78, 0.65 and 0.82,
respectively.
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Figure 12. The questionnaire of IMMS page
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Figure 13. The questionnaire of IMMS page 2

Second, perceived usefulness and perceived ease of
use were used to assess students’ system acceptance
toward using IARTS or multimedia learning (Figure
14). This questionnaire was based on previous studies
[23-26]. The 13 questions with a five-point Likert-
scale measurement: 1 represented “strongly disagree”
and 5 signified “strongly agree.” The Cronbach’s a of
the entire questionnaire was 0.87. The value indicated
sufficient internal consistency for assessing the
students’ acceptance of using IARTS or multimedia
learning.
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After completing the questionnaire, interviews were
conducted to gather opinions and suggestions from
both students and teachers. A semi-structured focus
group interview [27] was conducted with 67 students
from the experimental group. Each focus group
interview with six to eight students lasted around eight
to fifteen minutes. Teachers were also interviewed to
gather their opinions and suggestions of using IARTS.
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Figure 14. The questionnaire of perceived usefulness
and perceived ease of use

5 Results

5.1 Quantitative Data Discussion

Students’ learning motivation was conducted after
the learning activity. Table 1 shows descriptive
statistics of learning motivation of the two groups. The
t-test result shows that the learning motivation of the
experimental group was not significantly better than
the control group (t = 1.155, p > .05). This implies that
both the IARTS approach and the multimedia with QR
code that linked to YouTube were both helpful in
enhancing students’ learning motivation.

Table 1. Descriptive statistics of learning motivation
of the two groups

Group N Mean SD t Sig.
Experimental group 67 3.44 1.09 1.155  .567
Control group 70 331 1.07
"p>.05

In addition, system acceptance was conducted after
the learning activity. Table 2 shows descriptive
statistics of system acceptance of the two groups.
Perceived usefulness and perceived ease of use were
the dimensions for the measurement. The t-test result
shows that the system acceptance of the experimental
group was also not significantly better than the control
group (t = 1.415, p > .05). This supports the conclusion
that both IARTS and multimedia were accepted system
for students’ learning.

Table 2. Descriptive statistics of system acceptance of
the two groups

Group N Mean SD t Sig.
Experimental group 67 4.13 093 1415 488
Control group 70  4.08 0.92

"p>.05

5.2 Interview with Students

Each focus group interview was around eight to
fifteen minutes with six to eight students (Figure 15).
During the interview phase, students expressed their
opinions and suggestions regarding using IARTS. In
general, students felt IARTS was interesting,
convenient, interactive, and easy to use. They further
expressed they could use IARTS anytime and
anywhere they encounter problems or difficulties. In
addition, IARTS could increase their learning
motivation because they could use IARTS repeatedly
to improve their learning performance, especially the
memorization of mathematical formulae. They also
described some improvements for system design and
usability. For example, the app could improve the
design of user interface in order to reduce the reading
tiredness from the small screen. Moreover, students
recommended that IARTS could add some functions in
the future, such as subtitles, timing control, solutions
scales, and speed adjustments of virtual tutoring
explanations.

Figure 15. Interview process picture
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Students’ opinions and feedback were collected and
summarized after interview as shown below.
« When difficulties are encountered, I can check the
solution immediately, instead of spending too time
looking for someone for help.
It is easy to learn at home, even I don’t understand, |
don’t need to work to find someone to ask.
This can allow people who cannot afford to go to
tutoring class, but still have the opportunity to study
independently within their own academic progress.
This changes the way of many children’s learning.
When curiosity occurred, I found it’s more
interesting to learn.
For those students who are interested in modern
technology but do not want to learn simply, the

integration of AR would help with students’ learning.

This is a very useful APP for those students who
don’t go to tutoring class

I like the function without access to internet after
downloading.

It is easy to use and understand, repeat play could
help me to understand deeply and enhancing
learning from boring to fun.

I hope I can use it from textbook directly in the
future.

This APP allow me to learn mathematics more
accessible, and the user interface was very simple
and easy to use.

Very useful and help me a lot when I encounter the
question I don’t know.

It helps us to learn more easily and learning is not as
boring as it used to be.

This App let me think there is a virtual tutor there
who can help me to understand deeper question in
mathematics.

This APP helps me to learn independently at home
before going to school.

Using mobile app could enhance my learning and
increase my willingness to learn.

Having this app could save some money and time
going to tutoring school, and I can review the topic
taught by the teacher alone.

This app makes our learning more efficient, and |
feel I become smarter, which could reduce my stress
of learning and I think it helps teacher’s frustration
in teaching too.

This App is very useful when I don’t understand
teacher’s lecture, and very helpful to prepare exam
could I can self-taught at home.

Opinion and suggestions for future improvement.

I hope there is a quickly or reversely feature, cause
use in a long time, users may feel tired on their
hands.

* I hope other subject’s textbook could have this app
too.

« The latter on the screen may be too small for some
people.

+ Perhaps use tripod for additional accessory.

« If there is a cause-and-effect reason function after
calculation would be great, not just the process of
formulating calculation.

+ I hope there is a tablet app version in the future,

cause the screen is too small.

I hope that I can adjust the speed based on my own

learning paced.

« The user interface is not complete, and easy to use,
but the voice explanation is not really clear.

« It is very easy to use, but only limited to students
who have cell phone.

« If there is much virtual game that embed in the app
or change the character from carton to a current
movie star, a real-life person, or a bunch of
selections, would increase the relevant, interested,
and motivation.

I think this app somehow lacks reality and real
teaching.

« I wish there is a function that I can add my own text
descriptions.

5.3 Quantitative Data Discussion

In the teacher interview phase, two mathematics
teachers who participated in this study were
interviewed. They described the advantages of using
AR in their teaching and how helpful IARTS was.
With the implementation of smartphone and AR, they
could provide more interactive learning materials to
students. Students could then learn anytime and
anywhere they chose, motivating them to engage and
participate in further classroom activities.

6 Conclusion and Discussion

This paper presented the results of an interactive
Intelligence Augmented Reality Tutoring System
(IARTS) experiment for the mathematics curriculum.
Participants positively accepted the IARTS for
mathematics teaching and learning.

The findings show IARTS could be used as virtual
tutor with virtual materials for mathematics teaching
and learning. Although there were not significant
differences between the experimental and control
groups, they remarked that guidance and
personalization is a key to enhance the learning
motivation and engagement. With the help of IARTS,
teachers can make students’ learning environment
more interactive and pleasurable. IARTS not only
provide the power to engage learner in a variety of
interactive ways, but also provides each individual
with unique rich content from three-dimensional
learning environments.

A further contribution is the extension of the study
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by Kaufmann and Schmalstieg, which looked at 3D
geometric construction tool specifically designed for
mathematics and geometry education [17]. In addition,
this study extended previous research by Keller which
examined the motivational design for learning and
performance and incorporated this with augmented
reality to facilitate and enhance teaching and learning
[21-22].

IARTS also supports the theory of constructivism
where students construct their own understanding and
knowledge and take control of their own learning.
IARTS can provide motivating, entertaining, and
engaging environments for mathematics teaching and
learning. Students can further construct and integrate
their knowledge and skills with 3D simulations
generated by mobile devices. Finally, IARTS provide a
cost-effective educational tool for students whose
parents may be worried about finances.

In the view of many previous researches that has
applied AR in their context, AR could probably be
focused on further AR textbook design and
development in terms of simplicity and ease of use. In
addition, researchers can collaborate with publishers in
Taiwan or other countries to create an IARTS-based,
learning material, in various subjects such as English,
Science, and History.

For future research, this study will further integrated
AR learning material into different levels of
mathematics courses, not only focused on secondary
schools, but also primary school textbooks.
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