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Abstract A campus butterfly garden is a useful teaching
resource for studying insect ecology because students can
learn about a butterfly’s life cycle and become familiar
with its habitual behavior by breeding and observation
activities. However, it requires professional construction
and maintenance for sustainable development, so very few
schools can afford to own a butterfly garden. In this study,
the augmented reality and mobile learning technologies
have been used to develop a virtual butterfly ecological
system by combining with campus host plants and virtual
breeding activities. Students can use smart phones or tablet
PCs to breed virtual butterflies on host plants and observe
their life cycles at different growing stages. Using the
available space in campus, a virtual butterfly garden can
also be created as a greenhouse where students are able to
observe different species of butterflies using the tracking

<1 Wernhuar Tarng
wtarng @nhcue.edu.tw

Kuo-Liang Ou
klou@nhcue.edu.tw

Chuan-Sheng Yu
sheng1012@gmail.com

Fong-Lu Liou
dliou@hotmail.com

Hsin-Hun Liou
viviliu0501 @gmail.com

Graduate Institute of e-Learning Technology, National
Hsinchu University of Education, Hsinchu, Taiwan, ROC

Graduate Institute of Computer Science, National Hsinchu
University of Education, Hsinchu, Taiwan, ROC

Department of Computer Science and Information
Engineering, National Central University, Jhongli,
Taiwan, ROC

telescope and catch a butterfly to obtain its information by
touch-screen control. The virtual butterfly ecological sys-
tem can increase the learning motivation and interest of
students through virtual breeding and observation ac-
tivities, so it is a suitable assistant tool for science educa-
tion. A teaching experiment has been conducted to
investigate students’ learning effectiveness and attitudes
after using the system, and the results show that using the
virtual butterfly ecological system can improve their
learning effectively.

Keywords Augmented reality - Mobile learning -
Context awareness - Butterfly ecology

1 Introduction

Observing an insect’s life cycle is an important teaching
activity in life science education. By observing eggs hatch-
ing into larvae, becoming pupas and imagoes, laying eggs
and finally dying, students can understand the continuation
of life and develop the sentiments of respecting life (Lee and
Wang 1986). Butterflies are beautiful insects with light and
graceful bodies, and their dazzling colors and elegant dances
instill vigor and vitality into the nature. A large number of
butterflies, in the wild or in captivity, can always attract lots
of visitors, so they are helpful to tourism. Regarding the
natural ecologys, it is an indispensable part of the food chain.
The butterfly helps pollinate plants by spreading pollen when
collecting nectar; the larva eats plants; the adult butterfly is
the food of other predatory animals. Therefore, it is not only a
beautiful insect but also a valuable resource in ecological
environments.

Taiwan is located in the junction of subtropical and
tropical areas. Due to its special climate, topography,
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ecological environment and abundant nectar plants, Taiwan
has more than 400 species of butterflies, the largest variety
in the world, and was once known as the Kingdom of
Butterflies. In recent decades, the overexploitation of
mountains has devastated the butterfly habitats and resulted
in the decrease of butterfly species and populations. The
overuse of pesticide further jeopardized their survivals
(Chen 1988). Butterflies need to live in proper natural
environments. Most schools in Taiwan are located in
metropolitan areas without suitable butterfly habitats, so
only a few butterfly species may exist in campus. For the
purposes of education and recreation, insect museums and
butterfly gardens can often be found in subtropical and
tropical countries to exhibit butterflies, specimens and
multimedia information for the purposes of science
education and the related research.

Butterflies and insects are often found in the teaching
materials of science education in elementary and high
schools. As a result, converting the green areas in campus
into butterfly habitats by planting more host plants and
nectar pants can attract butterflies to provide a useful
teaching resource for science teachers. Also, students can
obtain knowledge about butterfly ecology through breeding
and observation activities. If the green areas are further
designed as butterfly gardens, they are more suitable for
applications in science education. Considering the required
cost and manpower for development, an open butterfly
garden is more economical and cost-effective, but a
greenhouse is less affected by weather such that teachers
may have more control of observation time to achieve the
expected learning results. However, a butterfly garden re-
quires professional planning, construction and maintenance
for sustainable development, so very few schools can af-
ford to own a butterfly garden.

As the advance of information and communication
technology (ICT), the mobile devices such as personal
digital assistants (PDA), smart phones and tablet PCs have
been widely applied in school teaching. Consequently,
human learning is not confined to classroom, and it can be
done anytime and anywhere using any device (Harris
2006). In 1970, Schiller and Voisard (2004) proposed the
concept of context awareness by using the global posi-
tioning system (GPS) to obtain a user’s location for pro-
viding services. Its main idea is to satisfy the user’s
sensational requirement by updating the information ac-
cording to environmental changes such as the current time
and position (Schilit 1995).

There has been a lot of research on applying mobile
devices to provide context awareness and ubiquitous
learning services. For example, Lin (2008) used RFID,
wireless networks and a pattern recognition system to de-
velop a butterfly ecology learning system. The system can
obtain the related information in the user’s environment to
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provide adaptive learning contents. However, the teachers
have to attach RFID tags to the leaves of nectar plants to
trigger the learning activities, and the students may not be
able to observe some butterflies due to the seasonal prob-
lem. Huang (2010) developed an interactive mobile
learning system by using QR codes and wireless networks
for studying the campus ecology in an elementary school.
The user can obtain knowledge about a plant by scanning
its QR codes with a pocket PC. In addition to the infor-
mation on the interpretative board, the user can learn about
campus plants by online searching through wireless net-
works. The learning process is more interactive and thus
can enhance the user’s comprehension. Sometimes, it is not
very convenient for students to find out and scan the QR
codes to obtain knowledge about a plant. Besides, the
teachers have to spend a lot of effort deploying the QR
code system in the campus for students to use.

Chen et al. (2003) developed a bird watching and
learning system for science teachers to conduct outdoor
teaching using a PDA. The teacher must install the server
on a notebook to create a database for learning the bird
ecology. During outdoor teaching, the teacher sends a
bird’s image via wireless networks to students’ PDAs, and
they can search for the bird’s information immediately. A
similar technology was used to develop a mobile butterfly
observation system (Chen et al. 2004) where the images of
observed butterflies can be used to search for their infor-
mation, which is sent back to the students to provide instant
feedback. However, the outdoor observation may take a
long time in finding butterflies, and their images sometimes
may not be clear enough for comparison to obtain the re-
quired information.

Learning with mobile devices such as smart phones,
PDAs and tablet PCs is not limited by time or space.
Besides, the teacher can monitor a student’s learning
status to provide suitable assistance as needed (Liu et al.
2003). With the integration of ICT and learning envi-
ronments, outdoor teaching becomes more flexible and
interactive. For example, Shih et al. (2010) developed a
digital library for mobile and ubiquitous learning situa-
tions and it was used to help teach elementary students in
learning butterflies and wetland ecology. The ex-
perimental results showed that the system received posi-
tive responses from students in respect to website design,
system uniqueness and potential to instruction. Hsu and
Chen (2010) designed a mobile-assisted module for
guiding students through field study without a teacher’s
presence. A teaching experiment was conducted, and the
results showed that the module received positive feed-
backs from teachers and most students. It was also dis-
covered that the mobile learning technology had great
potential to facilitate independent learning by students in
the field study.
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In recent years, mobile devices are equipped with
powerful sensors to support applications with the aug-
mented reality (AR) technology. AR is focused on the in-
tegration of virtual objects and situations with real
environments to increase the interaction with users. Azuma
(1997) defined AR as an evolution of virtual reality (VR)
with the following features: (1) interacting with real and
virtual environments, (2) providing real-time feedbacks
and (3) presenting in 3D space. Compared to the operation
of VR, AR integrates a real environment with virtual 3D
objects to increase their perception and enhance the sense
of reality as well. With the powerful sensor functions on
mobile devices and the popularity of iPhones and Android
smart phones, AR software has become highly developed
to provide its users with realistic feeling such that learning
activities can be conducted in a sensational and interactive
way.

Klopfer and Sheldon (2010) defined AR as a technology
that combines real-world and virtual world experiences. In
general, the implementation of AR can be categorized as:
(1) traditional AR, which requires a marker for positioning,
e.g., the Magic Book (Billinghurst et al. 2001), (2) AR
without a marker, in which positioning is done by GPS or
image detection, such as annotating existing spaces with an
overlay of location-based information (Johnson et al.
2010), and (3) AR combining a marker and image detec-
tion for positioning. Therefore, AR can increase interaction
with the real world and provide useful information en-
abling learners to experience scientific phenomena which
could not otherwise be experienced in the real world (Wu
et al. 2013).

Educators and researchers are enthusiastic about new
possibilities for teaching and learning provided by AR
(Dalgarno and Lee 2010; Martin et al. 2011). A mobile AR
system integrates mobile devices, wireless networks and
GPS technology, and can enable ubiquitous, collaborative
and situated learning enhanced by computer simulations,
games, models and virtual objects in real environments
(Dunleavy et al. 2009; Chen et al. 2011). Artificial infor-
mation about the environments and virtual objects in the
form of texts, images and video can be overlaid and help
learners engage in authentic environments with mobile
devices (Dede 2009). Furthermore, when learning is sup-
ported by technology, students can be more easily moti-
vated to engage in inquiry-based instruction (Campbell
et al. 2010; Mistler-Jackson and Songer 2000).

In this study, a virtual butterfly ecological system has
been developed using AR and mobile learning technologies
to combine with the host plants and nectar plants in a
school campus. Students can use smart phones or tablet
PCs to breed virtual butterflies on host plants to observe
their life cycles at different growing stages. They can
search for the information about the butterflies through

wireless networks. The virtual butterfly garden can also be
designed as a greenhouse at an open area in campus with
different species of butterflies flying above beautiful
flowers. Students can observe butterflies using a tracking
telescope and capture a butterfly on the touch screen to
obtain the related information. When the natural enemies
of a butterfly appear, students can help expel them and
become familiar with the food-chain relationship between
the butterfly and its natural enemies at different growing
stages.

During real butterfly breeding activities, students often
face the problems that their butterflies die, pupate or break
the pupas at night, missing the observation time for
recording the important stages of life cycles. Also, the
lecture time of a few weeks is too short for observing the
complete life cycle. Using the proposed virtual butterfly
ecological system, students can conduct long-term breeding
and observation activities without the limitation of time or
space; it can also remind them of the time for pupating or
breaking pupas with a message to make observation and
recording data more easily. The system is a suitable assis-
tant tool for elementary and high school science education.
Science teachers can set up the system according to campus
environments for students to conduct observation and
breeding activities. The city government can also use it to
create virtual butterfly ecological environments at the park
or nature reservation areas for the general public if they are
interested in learning the butterfly ecology.

2 System design

This study used the AR technology and sensor functions on
mobile devices, including the touch screen, GPS, electronic
compass, three-axis accelerometer and 3G network, to
develop a virtual butterfly ecological system. It combines
with the host plants and nectar plants in campus for ele-
mentary and high school students to participate in learning
butterfly ecology activities more easily. They can use smart
phones or tablet PCs to breed virtual butterflies on host
plants to observe their life cycles at different growing
stages (Fig. 1). In the virtual butterfly garden, they can also
use the tracking telescope to observe a butterfly and catch it
with touch-screen control to obtain the butterfly’s infor-
mation. The virtual butterfly ecological system solves the
problems of constructing and maintaining a real butterfly
garden as well as insufficient butterfly species and
amounts. It supports a context awareness environment to
increase the learning interest and motivation of students by
virtual breeding and observation activities. The system
serves both educational and entertaining functions, and is
therefore a suitable assistant tool for elementary and high
school science education.
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Fig. 1 Using a smart phone to observe virtual butterflies on host
plants

In this study, a virtual butterfly ecological system has
been designed according to the learning unit “Life of a
butterfly” in the grades 1-9 Science and Life Technology
Curriculum in Taiwan (Ministry of Education 2006) for
fourth graders in elementary schools. An analysis was first
conducted to understand its background knowledge and
learning contents. Then, the system was designed based on
the course outlines and the learning objectives. Since the
theory of situated learning emphasizes the reality of
learning activities (Brown et al. 1989), the instructional
design was focused on the connection with daily-life ex-
periences to provide students with learning activities re-
lated to real situations, for example, breeding and
observing butterflies.

The system was developed according to the learning
contents of natural science textbooks related to the butterfly
ecology, which mainly included the following topics:

What is an insect?

How to name an insect?

The classification of butterflies

The life cycle of a butterfly

The distribution of butterflies in Taiwan
Breeding butterflies

How to distinguish the sex of butterflies?

A butterfly’s natural enemies and the defense
Conservation of butterflies

After analyzing the learning contents, the virtual but-
terfly ecological system was developed based on the con-
cepts of situated learning and context awareness to enhance
students’ learning interest and motivation. In the following,
the design of butterfly models, AR ecological environments
and the virtual butterfly garden as well as the user interface
and application programs using the sensor functions on
mobile devices are described.

@ Springer

2.1 Butterfly models and motion design

In this study, the major part of system design is the virtual
scene of the butterfly garden, the dynamic visual effects of
butterflies and the life cycle simulation. When designing
the butterfly models, the scanned images of butterflies were
obtained by removing their background to produce the
outlines and texture materials. Then, the outlines were
drawn from different elevations through observation, and
the 3D model of a butterfly was determined by drawing the
curves along its outlines. Finally, the texture image was
pasted to its surface (Fig. 2), and then, the model is ex-
ported to Shiva3D (2013) for the design of its flying mo-
tion. The completed model can fly and change its direction
in the 3D virtual scene under the control of an API program
in Shiva3D based on a probabilistic model.

To simulate the flying motion of a butterfly in the virtual
3D space, a probabilistic model to simulate its flying mo-
tion and rotation was created according to the habitual
behavior of butterflies. A state-transition model was used to
imitate the behavior of a butterfly, and the time intervals
for a state transition were randomly generated. When the
probabilities of a state-transition matrix are determined, a
probabilistic model is used to simulate the motion of a
butterfly. By using the probabilistic model, even the same
kind of butterflies (with the same 3D model) will follow
different paths in their flying motions. For different kinds
of butterflies, the parameters for a state transition can be
adjusted to imitate different motions such as flying, mating
and foraging (Fig. 3).

In this study, three kinds of virtual butterfly models, i.e.,
Lime Butterfly, Common Rose Swallowtail and Paper Kite,
were developed for breeding and observation activities. To
simulate their life cycles, the images of their eggs, larvae,
pupas and imagoes as well as the periods of the growing

Fig. 2 Pasting texture to the surface of a butterfly model
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Fig. 3 State-transition model to
simulate the flying motion

Fig. 4 Simulation of a
butterfly’s life cycle

Butterfly Egg Larva Pupa Imago

Lime Butterfly 4~6 days | 20~25 days | 7~20 days 20 days
Common Rose Swallowtail | 5~7 days | 20~25 days | 15~30 days | 30~60 days
Paper Kite 4~6 days | 25~30 days | 9~15 days | 30~60 days

stages were obtained (Fig. 4) for the design of 3D models
and control programs to make the breeding activity more
realistic.

2.2 Virtual butterfly garden

The user can enter the virtual butterfly garden by following the
guidance of GPS. The virtual butterfly garden is designed as a
greenhouse where different species of butterflies are flying
around the host plants and nectar plants. There are two buttons
on the screen, i.e., the tracking telescope and the online quiz.
The user can use the tracking telescope to observe butterflies
and try to catch a butterfly to obtain its information (Fig. 5).
When using the tracking telescope, the system will list the
available butterflies for selection. An arrow will appear to
show the direction of the selected butterfly, which is marked
by a red cross for easy identification. The user can hold the
mobile device toward the direction of the tracked butterfly.
When approaching the target within a certain distance, the
user can catch the butterfly by touching it on the screen to show
the related information. Besides, the user can take an online
quiz to earn some virtual money. The operating procedure of
the virtual butterfly garden is shown in Fig. 6.

2.3 Host plant areas

The main functions of the host plant area include: breeding
butterflies, animations to show the changes of a butterfly at
different growing stages and the online quiz. The operating
procedure of the host plant area is shown in Fig. 7.

Fig. 5 Using the tracking telescope to observe a butterfly

e Breeding butterflies: A list of butterfly species is shown
for selection. A warning message will appear if the user
does not have enough money to buy eggs for breeding.
Even if the user has enough money, the system will still
evaluate if the selected butterfly is suitable for growing
on the host plant; if not, the system will inform the user
about such a condition; otherwise, the butterfly egg will
appear on the host plant, and the breeding list will be
updated.

e Animation for different growing stages: When the user
enters a host plant area, the system will obtain the data
of the bred butterflies and play the animation of the
selected butterfly to show the change based on its
growing stage.
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Butterfly Garden

v

Create Virtual Scene

and Butterflies

Observe Select a Create a
Buttectiv Butterfly Test Item
= to Observe Randomly

Follow the
Butterfly by
Arrow Head
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Tracking
Telescope
or Qui

Catch the
Butterfly? Increase
Money
Butterfly Update
Information User Data

Exit or
Logout

Fig. 6 Operating procedure of the virtual butterfly garden

e Online quiz: The system will randomly ask ques-
tions, designed by the teacher, about the learning
unit “Life of a butterfly”; if the user answers
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correctly, some virtual money will be awarded and
the database will be updated. The virtual money can
then be used to purchase butterfly eggs. If the
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Fig. 7 Operating procedure of the host plant area

answer is wrong, the user can choose to answer the
next question or return to the function of breeding

In a host plant area, the users can find virtual butterflies
that they have bred; the butterflies may be at different
growing stages such as the egg, larva, pupa and imago. If

@ Springer
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Fig. 9 Natural enemy appears to attack the butterfly

no butterflies have been bred, a butterfly suitable for
growing in this area will appear as the default object. When
entering a host plant area, three buttons will appear on the
screen, namely “Breeding butterfly”, “Watching butterfly
animation” and “Online quiz”. Clicking the first button
will show the list of available butterfly species for selec-
tion. After selecting a butterfly species, the system will
decide whether it is suitable for breeding in this area and
whether the user has enough money to buy it. After se-
lecting a suitable species, a new butterfly egg will appear
on the host plant and the database is updated by adding it to
the user’s breeding list. The user can visit this area again
later to observe its growth at different stages (Fig. 8).
When the user is in a host plant area, natural enemies
may appear occasionally to attack the butterflies according
to the food-chain relationship (Fig. 9). For example, a
stinkbug only attacks larvae and pupas. Once the user
discovers a natural enemy, the screen will show the life
values of the butterfly and its natural enemy. Also, there is
an arrow pointing at the enemy to show its position. By
pressing the enemy on the screen and moving around
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continuously, the user can drive it away to save the but-
terfly. If the enemy is expelled or the butterfly is dead, the
system will show the food-chain relationship between the
butterfly and its natural enemy (Fig. 10).

2.4 System functions

The system was developed using the software Shiva3D and
3ds Max executed on the operating system of Microsoft
Windows. In addition, the tools of JDK, Android 1.5 SDK,
Eclipse and Android Development Tool Plug-in software
were also required. After the completion of system design,
ShiVa3D’s Authoring Tool was used to convert it to the
installation file (.apk) for publication on Google Play for
users to download. The system modules include: GPS,
three-axis accelerometer, electronic compass, camera
control, tracking telescope, butterfly garden, breeding ac-
tivity, online quiz, database and the related API programs,
which will be introduced later in this section.

The virtual butterfly ecological system can be executed
on Android mobile devices. For educational applications,
science teachers can download it from Google Play and
install on smart phones or tablet PCs. During operation, the
system is connected to MySQL database by PHP programs
(Fig. 11). The login permissions are divided into users and
system managers. The former can use the system for
learning knowledge about butterfly ecology. The latter can
set the GPS coordinates of host plant areas and the virtual
butterfly garden, and they can also enter the system to
modify the data about virtual butterflies, host plants,
learning contents and test items in the database. When
setting up the learning environment, the system managers
have to go to each host plant area to record the GPS co-
ordinates and input the basic information of the host plant.
Also, they have to create the user account for each student.

The system integrates the virtual butterflies and virtual
butterfly garden with the real campus environment by using
the sensor functions and overlay display technique on the
mobile device to interact with the users in an AR envi-
ronment, for example, using a mobile device to locate the
user’s position and orientation in the virtual butterfly gar-
den (Fig. 12). When the system is started, the GPS, elec-
tronic compass and three-axis accelerometer are initialized
first. By entering the user name and password, the user can
login to the system if both are correct. After that, the user’s
personal information is updated first, and the bred butter-
flies will appear in the host plant areas and the virtual
butterfly garden according to their growing stages and the
GPS coordinates on the mobile device.

The users can observe virtual butterflies in campus using
smart phones or tablet PCs, and breed virtual butterflies on
host plants to conduct observation activities. They can also
observe butterflies using the tracking telescope in the
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Fig. 10 Natural enemies of Butterfly
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Fig. 12 Using a mobile device to locate the user’s position and
orientation in the virtual butterfly garden

virtual butterfly garden to become familiar with different
butterfly species. The operating procedure of the virtual
butterfly ecological system is shown in Fig. 13, and the
major functions of the system can be found in Fig. 14. By
clicking the green arrow on the right, the users can open the
main menu to use the functions of “Personal information”,

“My butterflies”, “Where to go” and “Logout” as de-
scribed in the following:

e Personal information: The screen will show the user
name, owned virtual money, current location, compass
direction and butterfly cards (for all adult butterflies in
the host plant areas).

e My butterfly: The butterflies bred by the user in all
areas will be shown as a list.

e Where to go: The user can choose the location of a host
plant area or the virtual butterfly garden, and its
orientation will be indicated by an arrow for direction.

e Logout: Logout from the system.

In this study, the functions of GPS, electronic compass and
three-axis accelerometer on mobile devices were used to ob-
tain the user’s position and orientation from the Sensor Event
API in Shiva3D. The last two sensors provide the data of (1)
orientation, including Azimuth, Pitch and Roll, and (2) ac-
celeration, including the accelerations in X, Y and Z directions
minus the gravity (9.81 m/s%). The data can also be used to
measure the user’s motion. During its operation, the system
uses the GPS coordinates to determine whether the user is
approaching a designated area and decide whether the system
should display a virtual scene and butterflies to trigger the
breeding or observation activities by downloading data from
the server via the wireless network (Fig. 15). The orientation
data are used to control the camera to simulate the user’s
perception in a virtual scene, e.g., the virtual butterfly garden.

Based on the GPS coordinates, the related situations will
be triggered such as breeding and observing butterflies.
Sometimes, a butterfly may be attacked by its natural ene-
mies during observation. The scenes are divided into the
virtual butterfly garden and host plant areas. The virtual
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Fig. 13 Operation of the virtual
butterfly ecological system
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Fig. 14 Major functions shown on the main menu

butterfly garden is a greenhouse where the user can observe
butterflies using the tracking telescope and catch them on the
touch screen to obtain their information. When the user is in
a host plant area, he or she can breed and observe virtual
butterflies on host plants and take an online quiz to earn
some virtual money by answering the questions correctly;
the virtual money can be used to buy butterfly eggs for
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breeding. This function is also available in the virtual but-
terfly garden. Because the GPS on the mobile device may
not be very accurate such that the system will show but-
terflies within the distance of 10 m from the designated plant
area. To solve this problem, we created the virtual leaves for
the same types of plants such that the eggs, larvae and pupas
are attached to a virtual leaf instead of floating in midair.

3 Quasi-experiment

To analyze the learning effectiveness of students after us-
ing the virtual butterfly ecological system, a quasi-ex-
periment was conducted at an elementary school in North
Taiwan. Two classes of fourth-grade students (each con-
taining 30 students) were used as experimental samples,
one as the experimental group and the other as the control
group. This study used the “nonequivalent groups pretest
and posttest” experimental design to investigate whether
different teaching tools would lead to different learning
effectiveness. In this experiment, the independent term is
the teaching tool; the dependent term is students’ ability
after learning; the covariant term is student’s ability before
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learning; the control variants are the teacher, teaching time
and learning contents. A questionnaire survey was con-
ducted to analyze the attitudes of the experimental group
after using the system, and the questions were divided into
three categories: learning contents, interface design and
applications. Its results can also be used as a reference for
improving the system.

Both groups of students took the pretest 1 week before
the teaching experiment. Then, the teacher spent an hour to
demonstrate to the experimental group about how to use
the virtual butterfly ecological system on tablet PCs. On the
other hand, he taught the control group how to breed moths
at home for observing their changes in life cycle. Then,
both groups studied the learning unit of “Life of a butter-
fly” for 6 weeks. During this period of time, the ex-
perimental group used tablet PCs to breed and observe
virtual butterflies in campus, while the control group bred
and observed moths by feeding them with mulberry leaves
at home. Six weeks later, both groups took the posttest to
compare if a significant difference existed in their learning
effectiveness.

The test questions included the breeding process, but-
terfly ecology, life cycle, and natural enemies. To ensure
their reliability and validity, the test questions were de-
signed based on the learning contents, course outlines and
learning objectives listed in textbooks. Thirty students from
another class of the same grade were asked to take the test
to ensure that they understood these questions. Also, two
science teachers had reviewed and modified the questions

to enhance their validity. Finally, 25 questions were chosen
for usage in the pretest and posttest.

To investigate whether using the virtual butterfly eco-
logical system as an assistant tool could improve students’
learning significantly, this study conducted a one-way
ANCOVA, with the pretest as the covariant, the posttest as
the dependent variant, and the teaching tool as the inde-
pendent term. According to the theories of covariant ana-
lysis, it is required to examine the regression coefficient
within each group to see whether they meet the assumption
of statistic equivalence. The descriptive statistics on the
regression coefficient test showed that the two linear re-
gressions have the same slope (the significance
p = 0.38 > 0.05), indicating the relationship between the
covariant term and the dependent term was not affected by
the independent term. Hence, it satisfied the hypothesis of
equivalent regression coefficients between the control
group and experimental group and was therefore qualified
for the covariant analysis.

To find out the learning effectiveness on the unit of
“Life of a butterfly”, this study used a paired sample ¢ test
to evaluate each group’s pretest and posttest scores to see
whether there was a significant difference. The achieve-
ment test contains 25 questions, 4 points for each correct
answer. According to the results in Table 1, the control
group and experimental group both improved significantly
in the posttest. Therefore, an ANCOVA was conducted to
investigate whether a significant difference existed be-
tween these two groups.

Table 1 Descriptive statistics

Group Pretest Posttest T Significance
on pretest and posttest
Average S.E. Average S.E.
Control group 52.8 17.1 77.5 12.3 =79 p <0.05
Experimental group 53.2 135 69.3 11.0 -72 p < 0.05
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The one-way ANCOVA used the pretest score as co-
variate, the teaching tool as independent term, and the
posttest score as dependent variable to perform a statistical
analysis. The results showed that the pretest scores had a
significant impact on the posttest scores. After removing
the influence of the covariate, the teaching tool had a sig-
nificant impact on the posttest score (p = 0.04 < 0.05),
indicating the learning effectiveness of the experimental
group was significantly higher than that of the control
group. Therefore, using the virtual butterfly ecological
system could improve students’ learning in butterfly ecol-
ogy effectively. A further analysis discovered that the ex-
perimental group performed better in the questions about
the classification of butterflies and their natural enemies.

The above results could be explained based on the dif-
ference and similarity of the intervention between the two
groups. Although the control group bred moths by feeding
them with mulberry leaves at home to observe the changes
of a moth’s life cycle, the two groups had learned the same
teaching materials about the butterfly ecology as well as the
classification of butterflies and their natural enemies in
class for 6 weeks. According to the test results, the reason
that the experimental group did better on the classification
of butterflies and their natural enemies can be explained by
the fact that the students could observe the butterflies and
their natural enemies on the virtual butterfly ecological
system to enhance their understanding, while the control
group did not have the environment to do that.

When the teaching experiment was completed, a ques-
tionnaire survey was conducted to analyze the attitudes of the
experimental group after using the system. The questionnaire
was designed by discussing with two science teachers and the
Cronbach’s o > 0.9, showing its internal consistency is very
high. In the questionnaire survey, a number of 20 multiple-
choice questions were used to measure students’ attitudes
about the system, and they were divided into three sections: ten
questions for the learning contents, five questions for the in-
terface design and five questions for the applications. Besides,
the first section was further divided into the virtual butterfly
garden and host plant areas to study the major functions in
different scenes and their interaction with users. The second
section mainly explored the smoothness in system operation
and how friendly the user interface was designed. The third
section investigated the system practicality and effectiveness
as well as students’ willingness to use the system in the future.
The questionnaire adopted Likert’s (1932) five-point scale
(strongly agree: 5, agree: 4, no comment: 3, disagree: 2 and
strongly disagree: 1), and the statistical results are described in
the following where M stands for the average score.

1. Learning contents
In the host plant areas, most students thought that
expelling natural enemies of butterflies made them feel
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more involved in the learning situation (M = 4.6);
they gained more knowledge about the butterfly
ecology by reading the information about the food
chain after the enemy attack (M = 4.8). Students
would review the animations actively to observe the
changes of butterflies at different growing stages
(M = 4.5). They felt the virtual butterflies were very
realistic and the virtual breeding activities were very
close to the real one (M = 4.6), and they felt the flying
motions of butterflies were realistic (M = 4.5). They
would like to capture butterflies to gain more infor-
mation about different species. In the virtual butterfly
garden, most students used the tracking telescope
actively to observe butterflies and they felt as if
situated in a real butterfly garden (M = 4.8).

Students were willing to take the online quiz (M = 4.6),
and they considered the description of learning contents
was easy to understand; they agreed with acquiring
knowledge about butterfly ecology using AR technology
(M = 4.5). Most students thought the interaction increased
their knowledge about butterflies (M = 4.6). They felt the
3D butterfly models helped them understand butterflies and
the system was designed with proper hints and rewards
(M = 4.5). In general, the students thought the AR tech-
nology created more interaction and it motivated them to
learn butterfly knowledge. Most students had the willing-
ness to take the online quiz to earn more virtual money to
buy butterfly eggs for breeding, and they would like to
learn more knowledge about the butterfly ecology.

2. Interface design
Most students (M = 4.8) found the interface easy to
operate and they thought the system was interesting.
They found the fonts were of proper sizes and the
interface design was consistent (M = 4.6). They
thought the menu pages would not interfere with the
system operation and the butterfly models were very
similar to real butterflies. They agreed that the system
operation was smooth and easy to logout without
worrying that the data might not be saved (M = 4.3).
3. Applications
Most students agreed that the system could increase
their confidence and interest in breeding butterfly
(M = 4.6) and it helped them understand the relation-
ship between butterflies, host plants and nectar plants.
They would like to use it as an assistant tool in learning
butterfly ecology and were satisfied with its usage
(M = 4.8). Most students felt they could know more
about the life cycle and growing stages of butterflies
after using the system (M = 4.5). They thought the
system could improve their knowledge about butter-
flies and would like to use it again in the future
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(M = 4.6). After the questionnaire survey, the re-
searchers received more feedback from the experimen-
tal group’s class blog.

Further interviews with students revealed the following
findings. The virtual butterfly ecological system enabled
students to situate as if in a real butterfly garden where they
could use the tracking telescope to observe a butterfly and
catch it with the touch screen to obtain the relative
knowledge. At the outdoor plant areas, they were willing to
take an online quiz to learn about the butterfly ecology
while earning virtual money to buy butterfly eggs for
breeding. They could also observe the changes of life cycle
as well as a butterfly’s nature enemies to understand their
relationships in the food chain. Therefore, most students
gave very high scores when answering the questionnaire.
The opinions of students, combined with questionnaire
results, are summarized in the following:

e The breeding and observation activities on the system
are very interesting and convenient.

e The system encourages students to acquire knowledge
about the butterfly ecology more actively.

e The virtual scenes and butterflies are very realistic, and
the students would like to use it again in the future.

4 Conclusions

Learning by playing has always been an ideal approach for
many educators. This study used AR and mobile learning
technologies to develop a virtual butterfly ecological sys-
tem by combining with the host plants and nectar plants in
campus. Students can use smart phones or tablet PCs to
breed virtual butterflies on host plants to observe their life
cycles at different growing stages. In the virtual butterfly
garden, they can also observe a butterfly using the tracking
telescope and capture it on the touch screen to obtain the
related information. A quasi-experiment was conducted to
investigate students’ learning effectiveness and attitudes
after using the system, and the results showed that using the
virtual butterfly ecological system could improve their
learning effectively. Most students felt that the breeding
and observation activities on the system were very inter-
esting and convenient. They thought the system encour-
aged them to acquire knowledge about the butterfly
ecology more easily and actively. Furthermore, students
considered the virtual scenes and butterflies very realistic,
and they would like to use it again in the future.
Compared with real butterfly gardens, the virtual but-
terfly ecological system is easy to develop and maintain,
and it can solve the problems of insufficient butterfly
species and quantity. The system provides an interesting

and realistic learning environment using the AR tech-
nology, and it can achieve educational and entertaining
purposes with the sensor functions of mobile devices and
wireless networks. The application of the virtual butterfly
ecological system is not limited by time or space, and
students can learn about butterfly ecology in their familiar
environments. In addition, it is highly interactive with 3D
visual effects, and the user interface is easy for operation.
Therefore, it is an effective and suitable assistant tool for
science education in elementary and high schools.
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