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Abstract In the last decade, more and more games have been developed for handheld devices. Further-
more, the popularity of handheld devices and increase of wireless computing can be taken
advantage of to provide students with more learning opportunities. Games also could bring
promising benefits — specifically, motivating students to learn/play, sustaining their interest,
reflecting their learning/playing status, and facilitating the learning/playing progress. However,
most of these have been designed for entertainment rather than education. Hence, in this study
we incorporate game elements into a learning environment. The My-Mini-Pet system is a hand-
held pet-nurturing game environment, in which students learn with an animal learning compan-
ion, their My-Mini-Pet. Three design strategies are adopted. First, the pet-nurturing strategy,
which simulates the relationship between the pet and its owner, the My-Mini-Pet becomes a
motivator/sustainer of learning. Second, the pet appearance-changing strategy, which external-
izes the learning status of the student. In other words, the My-Mini-Pet plays the role of areflec-
tor. Third, the pet feedback strategy, which links the behaviours of the student and his/her pet,
the My-Mini-Pet acts as a facilitator of learning. A pilot study was also conducted to prelimi-
narily investigate the effectiveness and experiences of the strategies on allowing the student to
understand arithmetic practices. The results showed that the strategy was effective, encourag-
ing the students to engage in learning activities. Furthermore, the game attracted the students’
attention and stimulated discussion between peers. Some implications about the further devel-
opments are also discussed.
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Introduction

Over the last decade, more and more games have been
developed for handheld devices. Video game compa-
nies are continually releasing new-generation handheld
game devices (e.g. Nintendo DS, PlayStation Portable).
However, these devices are mostly designed for enter-
tainment rather than education. Only a few have devel-
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oped adopted location-aware handheld games for
educational purposes (e.g. Schwabe & Goth 2005; Hui-
zenga et al. 2009). Recently, individual researchers
(Klopfer 2008; Squire 2009) and the mobile Game-
Based Learning (mGBL) research group (2009) have
noted that there are several types of mobile game-based
learning games, such as augmented reality games
(Klopfer 2008; Squire 2009), treasure games (Barkhuus
et al. 2005), and pet-orientation digital games (see Chen
et al. 2007). Moreover, the mGBL group (2009) joined
forces to work on the development of a platform for the
presentation of educational content in a playful way that
would work on handheld devices.
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Table 1. Well-known pet-oriented digital games.

Since Tamagotchi Pokemon DigiMon NintenDogs
Bandai, 1996 Nintendo, 1995 Bandai, 1997 Nintendo, 2005
Description Tamagotchi, a handheld Pokemon is a game DigiMon are monsters of  Nintendogs is a real-time
digital pet, housed in where collective various forms living in a pet simulation video
a small simple egg- fictional species have ‘Digital World’, a game. Using the
shaped computer. It made appearances in parallel universe that touch screen and
allows users to feed, the Pokemon media. originated from Earth’s microphone, the owner
play, clean, and various communication can play with, train,
otherwise interact networks. pet, walk, brush, and
with their pet. wash their virtual dog.
Subject Child Child Child Child
Game type Pet-nurturing game Pet-collection game Pet-competition game Pet-training game
Interactive type One-to-one One-to-multiple (upto One-to-one One-to-multiple

hundreds)

Platform Tamago

Game Boy, Nintendo DS  Physical card

(maximum of five)
Nintendo DS

Parallel developments have been made to incorporate
artificial emotion and intelligence into commercial
products. For instance, in 1996, the Bandai Toy
Company in Japan released a series of devices for pet-
nurturing games, called Tamagotchi. Players could raise
virtual chickens, interacting with them as if they were
real pets. At that time, the game was very popular in
elementary schools (Webster 1998). Later, many other
companies started to use the concept of pet-nurturing
to design games, leading to games such as Pokemon
(integrating the concepts of different virtual creatures
with competition), DigiMon (combining virtual mon-
sters and physical cards), NintenDogs (adopting touch
control and voice control). The authors summarize the
features of these pet-oriented digital games in Table 1.
Within the area of intelligent creatures, pet-oriented
digital games have emerged as one of the most widely
available commercial game products with divergent
applications in the entertainment industry. In particular,
the pet-oriented digital games have been widely used,
but only for entertainment.

The design of game-based learning environments
for handheld devices is a significant current research
issue (Facer et al. 2004; Schwabe & Goth 2005; Squire
2009). Rosas and colleagues (2003) have applied digital
games for learning mathematics and reading compre-
hension in primary school. The results showed that
digital games not only helped improve mathematical
skills but also stimulated student motivation. Students
found learning using digital games less boring. Further-

© 2010 Blackwell Publishing Ltd

more, studies of games which combine pet-nurturing
and learning activities have suggested that pet-oriented
digital games may encourage the ability to maintain
long-term motivation (Chen etal. 2007). In other
words, virtual pets could keep motivating students and
reminding them to learn materials. However, the pet-
oriented digital game was designed only for personal
computers (PCs) and laptops, which may limit learning
and nurturing behaviours.

Hence, this study focuses on the design and the devel-
opment of a handheld pet-nurturing learning game,
entitled the My-Mini-Pet system (Liao ef al. 2008). The
game incorporates learning activities to build a learning
environment that the student is interested in interact-
ing with. Although the portability of handheld devices
means that nurturing and learning can occur anytime
and permeate daily life, its limitation of screen size also
brings the challenge of design. We first propose three
design strategies — pet-nurturing, pet appearance-
changing, and pet feedback strategies — which can be
applied to create a game-based learning environment in
handheld devices. The strategies are further adopted to
design a complete My-Mini-Pet system, revolving
around a virtual pet who is an animal-learning compan-
ion simulating the appearance and attitude of a real pet.
Through caring for the animal companion, the system
can arouse and sustain students’ motivation and engage
them in learning activities. The My-Mini-Pet system
guides students from game to learning activities in order
to sustain student efforts. We also examine a prototype
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of the My-Mini-Pet system. This pilot project addressed
two questions: ‘What were the learning effects of
My-Mini-Pet?’ which is concerned with cognition; and,
the second question ‘What was the students’ affective
experience when they use the My-Mini-Pet systems in a
classroom environment?’ is about affectivity. In short,
this pilot project was conducted to evaluate the influ-
ences of the game on cognition (effectiveness) and
affectivity (experience).

Related research
Mobile learning

Many studies have shown the potential of mobile
devices to increase learning opportunities. On the one
hand, their portability, makes them suitable for outdoor
learning, such as birdwatching (Chen efal. 2003),
studying animal behaviour (Facer et al. 2004), and ori-
entation learning (Schwabe & G6th 2005). On the other
hand, the accessibility of the technology (e.g. iPod,
iPhone, BlackBerry; Wagner 2008) could prompt more
interaction and engagement in the classroom (Pownell
& Bailey 2001; Squire 2009) in activities such as aug-
mented reality games (e.g. Klopfer 2008; Squire 2009),
and competitive math games (e.g. Cheng et al. 2009).
One-to-one (1:1) technology-enhanced learning would
be possible when every student in the classroom
owns a mobile device to help his/her learning (Sharples
2000; Roschelle 2003; Chan et al. 2006). The research
emphasizes computer support for both formal and
informal learning. The one-to-one classroom has the
potential to have great positive influences on student’s
learning (Chan ef al. 2006; Wagner 2008; Squire 2009).
It is suggested that the advantages of handheld devices
(e.g. small size, inexpensive price, portability) make
them suitable for adoption as the first step towards
technology-enhanced learning (Chan efal. 2006;
Wagner 2008). The use of handheld devices would
bring many benefits and opportunities for classroom
learning in future.

Game-based learning

Digital game-enhanced learning is increasingly attract-
ing attention because of its positive influence on
learning. Game-based learning environments can
help motivate students to learn, and provide students
with a variety of learning opportunities to improve

their learning (Prensky 2001; Gee 2003; Rosas et al.
2003; Kiili 2005; Ke 2008; Squire 2009). Malone
(1981) suggested that instructors should utilize games
as a pedagogical strategy to benefit students’ learning.
Significant motivational factors that stimulate a stu-
dent’s motivation to learn have been identified. For
example, Malone and Lepper (1987) analysed key
motivational elements for a successful learning envi-
ronment. These included challenge, fantasy, curiosity,
and control. Keller (1987) proposed a motivational
model for classroom instruction which includes four
factors: attention, relevance, confidence, and satisfac-
tion. Gee (2003) found that learning principles adopted
by game designers have much potential for facilitating
learning in positive ways. He suggested that these
learning principles should be built into the game
design. Crawford (1982), an experienced game
designer, also pointed out that digital games often
contain multiple motivational factors — such as fantasy,
interaction, conflict, and challenge — which should be
helpful to motivate people to learn. The aforemen-
tioned studies lead one to believe that an enjoyable
game-based learning strategy developed for different
handheld devices could play a key role in both outdoor
and classroom learning.

Handheld pet-nurturing game: design of the
My-Mini-Pet system

The My-Mini-Pet system features animal companions
(Chen et al. 2007) designed to be a child’s learning
companion (Chan & Baskin 1988, 1990). The
My-Mini-Pet includes the pet’s attitude, appearance,
and feedback, designed to arouse the students’ caring
nature. The idea is to enhance and transform the learn-
ing process by skilfully interweaving learning and nur-
turing to create a new environment. In other words, a
My-Mini-Pet system provides an interchange between
learning activities with game activities. In such an easy
and active way, students may be more willing to learn.
For a further discussion of the elements of a game (e.g.
rules, goals and objectives, outcomes and feedback, and
so on) please see Prensky (2001). The My-Mini-Pet,
based on these principles, operates on a handheld
device. The interaction of student with the My-Mini-Pet
in this pet-nurturing game-based learning environment
motivates them to keep learning and participate in learn-
ing activities.
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Table 2. Education roles played by the My-Mini-Pet.

Strategy Roles

Game activity Pet nurturing Motivator/sustainer

Pet appearance  Reflector
change
Learning activity ~ Pet feedback Facilitator

Table 2 summarizes the educational roles played by
the My-Mini-Pet. This study utilizes three strategies to
enhance students’ learning and motivation. First, there
is the pet-nurturing strategy where students learn
with their pets. By caring a pet in game activity,
the My-Mini-Pet becomes a motivator/sustainer of
learning. Second, there is the pet appearance-changing
strategy where the appearance of the pet changes
according to learning status thus reflecting the student’s
level of accomplishment. Finally, there is the pet
feedback strategy which proposes that the pet should
provide feedback for the learning activity, acting as a
facilitator of the learning progress.

Strategy #1: nurturing of the My-Mini-Pet
motivates/sustains learning

The custom of nurturing pets has existed in different
genders and cultures for a long time. Some researchers
(Levinson 1969; Beck & Katcher 1996; Melson 2001)
have observed that nurturing pets holds a special attrac-
tion to human beings, especially children, who perceive
the behaviours of pets as cute, friendly, and innocent.
The relationship between a pet and its owner can be
developed through caring. Because of this caring for
pets, children not only feel love and needs, but also
acquire supportive feelings (Levinson 1969; Beck &
Katcher 1996). Generally speaking, pets influence chil-
dren in at least four kinds of ways. First, in terms of
physical health, taking care of pets can reduce blood
pressure and stress and enhance physical health
(Friedmann et al. 1983). Second, psychologically, for
example, in psychotherapy, pets can be used in patient
treatment, such as for children with shyness problems or
attention deficit/hyperactivity disorders (Levinson
1969; Katcher 2000). Third, in personality develop-
ment, caring for a pet is helpful to build a child’s sense
of responsibility and empathy for another living crea-
ture. Children show their pets their care and love by
taking care of them (Melson 2001). Finally, for the
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development of social skills, interaction with the pets
can increase children’s social skills and learning oppor-
tunities (Beck & Katcher 1996; Myers 1998). There-
fore, the influence of pets on children is extensive and
strong. The aforementioned studies indicate that nurtur-
ing pets plays an essential role in students’ learning
development.

A My-Mini-Pet includes visible attributes (e.g.
EduCoins, energy, health, and performance values) and
invisible attributes (e.g. mood and boredom values).
Students can see change in value of visible attributes on
the interface. The value of invisible attributes cannot be
directly seen on interface, but students become aware of
the pet’s status by facial expressions. All values associ-
ated with the My-Mini-Pet are changed by the student’s
actions in various locations in the game world. The
design of the nurturing pet strategy in the My-Mini-Pet
system is shown in Table 3. In the game activity, the
student needs to nurture their pet. The nurturing stra-
tegy includes elements of buying, feeding learning,
and playing. For example, the My-Mini-Pet’s energy
decreases over time, unless the student buys food to feed
it. In other words, a student has to buy food in order to
increase his/her pet’s energy. However, buying food
requires ‘EduCoins (virtual money)’, which have to
be earned by the efforts made in learning activities, as
shown in Fig 1a. In order to gain EduCoins, the student
must accomplish learning tasks. The more tasks a
student can accomplish, the more EduCoins the student
can earn.

If the My-Mini-Pet’s ‘health’ decreases over time,
the students have to buy medicine at a virtual hospital.
By taking the medicine, the My-Mini-Pet can recover
its health. The merchandise (e.g. food, medication)
in the food store and hospital cost different prices
depending on the values they can increase. That is,
the more the merchandise costs, the better the effect
it has. Students shop according to their needs. The
student can take her/his My-Mini-Pet to play mini-
games in a virtual park. EduCoins and energy or
health decrease according to the type of mini-game,
as shown in Fig 1b. Students become aware of the
My-Mini-Pet’s ‘mood’ and level of ‘boredom’ by their
facial expression, see Fig2a. If the My-Mini-Pet’s
‘mood’ decreases over time, the students have to
win a beauty show game. The beauty show game is
a kind of pet dress-up game, which only improves
mood but also decreases the level of boredom and
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Table 3. My-Mini-Pet’s different
Attributes Value Change Action (Location) attributes.
Visible EduCoins Increase Learning (library)
attributes Decrease Playing (park, sports, beauty show)
Buying (food store, hospital)
Energy Increase Feeding (home)
Decrease Playing (park, sports, beauty show)
Change with time
Health Increase Feeding (hospital)
Decrease Playing (park, beauty show)
Change with time
Performance Increase Learning (library)
Decrease Playing (park, sports, beauty show)
Invisible Mood Increase Playing (park, sports, beauty show)
attributes learning (library)
Decrease  Changes with time
Boredom Increase Changes with time
Decrease Playing (park, sports, beauty show)
Health
Performance

Library

Foodstore Hospital

Fig 1 My-Mini-Pet.

Champion Material

Computer’
My-Mini-Pet

Student’
My-Mini-Pet

Feedback
Score

Input

Fig 2 Game and learning interface.

energy value through playing. Ultimately, the buy-
ing, feeding, learning, and playing of the nurturing pet
strategy create a positive cycle. The desire for con-

Strategy #2: changes in My-Mini-Pet appearance
reflects the student’s learning status

sumption may facilitate and sustain the motivation of
learning.

In the field of intelligent tutor systems, the student
model has long played a critical role (Self 1988; Chan
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1996; Kay 1997). In this model, data from the interac-
tion between the student and the system are continu-
ously collected and analysed, and used to adapt the
educational system to individual learning needs.
However, in the past, the student model only utilized
information on learning status to give the student assis-
tance. The system never showed the student his/her own
student model. In recent years, many studies have dis-
cussed how to provide a student model for the students’
reflection and inspection. This issue has been addressed
by many (e.g. Self 1988; Chan 1996; Kay 1997). Self
proposed ‘making the contents of learner model open to
the learner in order to provoke the learner to reflection
(1988, p. 24)’. Chan said that ‘the learner model can be
used in different ways, other than hiding behind the
student as an internal component inside the intelligent
tutoring systems (1996, p. 140)’, and Kay noted that ‘if
the learner model can be helpful in determining how
a machine teaches, it should make it available to the
learner for improving their own learning through better
self-knowledge (1997, p. 18)’. The open learner (or
student) model could bring more advantages to the
student, such as planning learning goals (Bull & Kay
2007), helping with self-assessment (Mitrovic & Martin
2007) and reflection about learning (Tchetagni et al.
2007).

Chen et al. (2007) utilized an ‘active’ open learner
model when developing animal companions to improve

Table 4. My-Mini-Pet’s different status expressions.

students’ knowledge about their own learning status.
The word ‘active’ means that the open learner model is
externalized embodied by the emotions and behaviours
of a character which are reflected by aspects of the stu-
dent’s learning aspects. In the previous My-Pet and
Our-Pet system (Chen et al. 2007), the virtual pet auto-
matically showed its emotional expressions to its owner,
and expressed itself according to the owner’s cogni-
tive achievements. These emotional expressions would
motivate the student (i.e. the owner) to take action and
help to understand his/her student model and improve
his/her learning status.

In a My-Mini-Pet system, the appearance of the
animal companion is clarified in the beginning. The
appearance can be changed based on the results of the
learning tasks. There are four levels. Students must take
action to change to a higher level, as shown in Table 4
and Fig 1a. The My-Mini-Pet is transformed in different
ways based on the student’s average speed of answer,
average accuracy of answer, and average number of
answers (hat, glasses and clothes, respectively). When
a student participates in a learning task, the system
records their performance and changes the appearance
of his/her pet immediately. In this way, the student is
able to monitor and reflect on his/her learning per-
formance (Bull & Kay 2007). The purpose of the pet
appearance-changing strategy is to supply students with
a clear and definite goal and to facilitate self-reflection.

Appearance Expression Level 0 Level 1 Level 2 Level 3
representation <60% 60%-75% 75%-90% >90%
Rule

Hat Average speed of answers

Glasses Average accuracy of answers

Clothes Average number of answers
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The four levels are a concrete representation of the stu-
dents learning performance. Changing the appearance
of the animal companion may give a student incentive to
strive for better learning performance.

Strategy #3: pet feedback makes My-Mini-Pet as the
facilitator of learning progress

The teacher plays an important role in a traditional
learning activity. In a learning task, students are usually
informed whether their answers are correct or incorrect
but they may have to wait for a period of time for the
teacher to make corrections and to finally know their
learning status. The traditional way loses the imme-
diateness of thinking and correction but technology
can solve the problem, so that students can receive
feedbacks and assistance immediately (VanLehn 2006;
Milik et al. 2008; Zakharov et al. 2008). There are three
benefits. Firstly, feedback may provide students with
suggestions about future actions. Secondly, feedback
can reinforce the student’s background knowledge.
Finally, feedback can encourage students to rethink.
There has also been some research focused on the types
of feedback: cognitive feedback (VanLehn 2006); affec-
tive feedback (Zakharov et al. 2008); timing of feed-
back (including immediate feedback, Milik et al. 2008;
delayed feedback); and content of feedback (whether
positive or negative feedback).

The My-Mini-Pet system provides students
with both immediate and delayed feedback, such as

Table 5. Different feedback forms in the My-Mini-Pet system.

emotional expressions (e.g. excited, happy, neutral,
sad, and upset), EduCoins and mini-games. The feed-
back forms shown by the My-Mini-Pet are summarized
in Table 5. In other, when students finish a task, they
know the result immediately from the emotional
expression of their My-Mini-Pet. Students can judge
their learning performance by the reaction of the
animal companion, as shown in Fig 2b. If conditions
are satisfied for an upgrade, feedback can include more
EduCoins and access to more mini-games (see Fig 2a).
The variety of feedback, gives students an increased
sense of achievement, enhances learning motiva-
tion, and thus stimulates more efforts to meet higher
goals.

Preliminary evaluation
Participants and settings

The participants were nine 10-year-old fourth-
grade students (six males and three females) from
an elementary school in Taiwan. The participants
were selected according to the following rules: paren-
tal consent forms; having low familiarity with the
content or software; and not participating in other
extra-curricular activities (e.g. track and field, choir,
and so on) during the time of the experiment. Nine
students were selected from 25 students in the class.
Every participant was assigned a personal digital assis-
tant (PDA) with wireless capability as the computing
device.

Content Function Expression Description
Immediate feedback NF' Emotional expression Upset More than three consecutive incorrect answers
Upset emotional expression
Sad Two consecutive incorrect answers
Sad emotional expression
Null Emotional expression Neutral Incorrect answer
Neutral emotional expression
EduCoin Correct answer
Neutral emotional expression
PF2 Emotional expression Happy Consecutive correct answers
Happy emotional expression
Delayed feedback PF Mini-game Excited Accomplish a unit

Increasing type and frequency of games

'PF, positive feedback (feedback for correct actions).
’NF, negative feedback (feedback for errors).
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Measures

Effectiveness

The learning achievement of arithmetic practices
(effectiveness) was measured by the number of 10
questions (including the 53 blanks) consisting of two
topics: 2-digit * 1-digit (multiplying 2-digit by 1-digit
numbers) or 3-digit * 1-digit (multiplying 3-digit by
1-digit numbers), and integer factorization. Each ques-
tion contained a number of blanks. Students needed to
fill in the blanks. The multiplication questions were
related to the manipulation of 10’s complement (2 ques-
tions including 20 blanks) and distributivity (3 ques-
tions including 15 blanks). The factorization questions
required the manipulation of the multiplication table
(5 questions including 18 blanks). Each measure was
arranged for a session of 50 min, so that the students
could complete all the requirements within the time
available. Two experts (mathematics teachers) validated
the test according to the learning objectives using a table
of specifications for the content of instruction. The
internal consistency of the test was 0.92 (Cronbach’s o).

Experience

The experience of playing games was measured
by the Animal Companion Experience Questionnaire
(ACEQ), designed and developed by the authors. The
content of the questionnaire was developed based on the
experiential gaming model (Kiili 2005), game flow
(Sweetser & Wyeth 2005), and nurturing game models
(Chen et al. 2007). The ACEQ used for this study had
32 items. There were eight items for each component of
pet nurturing (PN), pet appearance change (PAC), pet
feedback (PF), and learning material (LM). Students
were asked to rate their experience on a Likert-type item
with five anchors (1 = strongly disagree, 2 = disagree,
3 =not sure, 4 = agree, 5 = strongly agree). The pos-
sible total score thus ranged from 32 to 160. Sample
items were as follows: ‘I cared about the health status of
my pet’ (PN), ‘I cared about the appearance of my pet’
(PAC), ‘“The feedback from my pet kept me going’ (PF),
and ‘After doing several mathematics tasks, I learned
from my mistakes and knew what to do next’ (LM).

Procedure
The pilot project using a My-Mini-Pet system was
conducted in the classroom of an elementary school in
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Taiwan. The pilot project was divided into four phases:
before, during, after, and after 1 month phase.

First phase. To familiarize them with the using the
PDA, the students participated in a 30-min training
session. This was to avoid influence due to unfamiliarity
with the devices. In addition, we also conducted a
pre-test (for effectiveness) in order to understand the

baseline of arithmetic ability.

Second phase. The students used the handheld devices
during eight 30-min sessions for 2 months. During this
experiment, two graduate students (one majoring in
learning technology and the other majoring in learning
instruction) were employed as teaching assistants to
observe the students’ behaviours, not to judge the
students’ autonomy of ownership and use.

Third phase. When the students finished the experi-
ment, a post-test and the ACEQ (experience) were
carried out. Affective experimental data was collected
by the two graduate students who conducted 15-20
face-to-face interviews (semi-open) with the students.
The quantitative data were supported by a rich set of
qualitative means. A digital audio recorder was used in
one of the computer rooms. Photographs were taken
with a digital camera to capture the surroundings and
activities during the experiment.

Final phase. Delayed post-tests were conducted 1

month after finishing the experiment.

Data collection and analysis

Quantitative data

System records. The system automatically recorded
the participants’ time-on-task (the learning time),
attempt frequencies (the number of math questions they
had tried to solve), and correctness frequencies (the
number of the questions they had solved correctly). The
Friedman Test was conducted to test for differences
in effectiveness (pre-, post-, and delay-post-test) and
experience. The oo was set at .05 for all statistical tests.
All analyses were done with the Statistical Package for
the Social Science (spss Windows vs. 15).

Qualitative data
Field observation. The author and the teaching
assistants observed participants behaviours as they
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Table 6. Results showing effectiveness:

Multiplication Factorization means and standard deviations (n = 9).
10's Distributivity? Multiplication
complement’ table3
M SD M SD M SD

Pre-test 11.33 5.48 3.56 4.33 9.00 5.27

Post-test 19.78 0.67 12.00 3.74 13.67 3.77

Delay-post-test 19.78 0.67 11.78 3.60 13.33 3.67

'Possible range for 10s complement (0-20).
2possible range for distributivity (0-15).
3possible range for multiplication table (0-18).

interacted with the handheld game, their peers, and the
external environment (including verbal and nonverbal
behaviours and facial expressions). A semi-structured
observation protocol was developed to guide the
author’s attention during observation, although the
actual observation was open to any situational changes
(Taylor & Bogdan 1998a). The authors also wrote the
observation comments (OCs).

Interviews. The author and teaching assistants devel-
oped a semi-open-ended protocol to facilitate the par-
ticipants’ thinking without influencing what they said
(Taylor & Bogdan 1998c; Creswell 2003). Participants
were prompted to report whatever went through their
mind. The author wrote the interview comments (ICs).

During data analysis, statements or meaning units
that emerged as possible commonalities from the proto-
col and notes (including the OCs and ICs) were coded
using the Nvivo7 software. The author then refined
these themes by removing overlaps and capturing the
main thrust of each theme’s meaning (Taylor & Bogdan
1998b; Camic et al. 2003). General themes or patterns
that emerged through this data coding process were syn-
thesized. Analysis of quantitative data (system records,
effectiveness, and ACEQ) and qualitative data (OCs,
ICs, and interview protocol) were employed to achieve
triangulation verification.

Findings
Effectiveness

The Friedman Test, the counterpart of repeated-
measures ANOVA, of a non-parametric test was con-
ducted on achievement scores. There was a significant

Table 7. Results of the ACEQ: means and standard deviations
(n=9).

Overall M SD
experience’ -
130.97 0.91
Game activity Pet nurturing? 33.76 0.83
Pet appearance 29.55 1.20

change?

Learning activity ~ Pet feedback? 33.34 0.80
Learning material? 34.32 0.82

Possible range for overall experience (32 ~ 160).
2Possible range for PN, PAC, PF, and LM (8 ~ 40).

difference among the pre-test, the post-test and the
delay-post-test scores (10” complement: Friedman ) =
16, P <0.05; distributivity: Friedmang =17.43, P <
0.05; multiplication table: Friedmano =9.74, P <
0.05). Pair-wise comparison procedures revealed that
post-test and delayed-post-test achievement scores
were higher than pre-test scores; see Table 6. Although
this pilot study found the effectiveness of prototype of
the My-Mini-Pet system to be positive, some points still
remain to be considered. First, the influence of time,
such as 2 months of practice and natural maturity,
should be considered. Secondly, a control group should
be added in order to evaluate effectiveness improvement
more carefully.

Experience

The ACEQ results comprise four components; the
means and standard deviations (sp) are shown in
Table 7. We compare changes in pet appearance with
other components; we found PAC to be much lower. The
pet appearance change aspect needs to be redesigned.
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The results of the questionnaire for the pet-nurturing
strategy showed that the students often observed their
pet’s mood (M =4.44, sp=0.88) and health status
(M =4.78, sp = 0.44). The students tended to worry that
their EduCoins were too few to play the mini-games
(M =4.33, sp=0.71). The interview protocols also
revealed their perception of the My-Mini-Pet.

Interviewer: Could you give an example of why you feel
it was fun to play with your dog?

#3: He could talk to me.

Interviewer: Hum . . . what else?

#3: I could feed him and he would wag his tail after eating
something. He was so cute.

Interviewer: Hum.

#3: And I could play with him. When he was moving
around, he was so cute, especially when he was jumping.

Some students gradually formed an emotional
attachment to their My-Mini-Pet after being engaged
in nurturing and being attentive to the pets. Students
could build close relationships by interacting with
their My-Mini-Pet. They noticed their My-Mini-Pet,
took good care of them, bought medicine for them,
nurtured them, and played with them. The students
often had the same mood as their My-Mini-Pet and
indication of the attention paid. In short, the pet-
nurturing strategy encouraged the students to take
care of their My-Mini-Pet and their motivation to
participate in learning activities and mini-games was
maintained.

We now discuss the strategy of changing the pet’s
appearance. The authors observed that the students
could perceive the changes in the pets’ appearance.
Interview protocol data was as follows:

Interviewer: Could you give me an example?

#8: Some have glasses but no hat; someone’s pet has a
whole suit, including a scarf. Someone’s didn’t have
glasses.

The students did pay attention to the appearance
of the pets as an indication of their learning status.
The questionnaire results indicated that the students
would discuss the appearance of their pets with others
M =4.11, sp=1.27). The strategy helped maintain
learning attention and promote the learning outcome. It
could also be helpful to keep the students’ motivated and
then improve learning effectiveness.

Next we discuss the strategy of pet feedback. The
My-Mini-Pet provided the students with immediate
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feedback after answering questions, as shown by the
interview protocol:

Interviewer: After answering questions, your pet may
give you some response. What do you think about these
responses?

#2: It was important for me!

Interviewer: Why did you think it was important?

#2: When we had a wrong answer, the pet told us it was
not a correct answer.

Interviewer: Hum.

#2: If it was a wrong answer, then we could correct the
answer for this question.

Questionnaires also revealed that the feedback
from the pet kept the students going (M =4.89,
sp =0.33). The students could see the reflection of
their performance in the learning activities from the
reaction of the My-Mini-Pet. The immediate feed-
back of the My-Mini-Pet allowed the students to
know their answer at once. If they gave a wrong
answer, they could correct. It is noteworthy that the
My-Mini-Pet encouraged students to reflect on their
learning status. Hence, pet feedback in a learning
activity encourages the students to be aware of their
learning progress.

Regarding the learning materials, the authors
observed that most students were fluent in answer-
ing the questions. The questionnaire results were the
same.

After doing several mathematics tasks, I could learn
from the mistakes and know what to do next (M =4.67,
sp = 0.50).

After the learning activity, the authors observed
that the students would continue to discuss the learning
material and compare each others’ answering status.
The classmates would also sometimes consult and teach
each other with difficult tasks. The questionnaire data
also revealed that the students would discuss their
PDA tasks with each other after the learning session
(M =4.11, sp = 0.93). The students would expect diffi-
cult learning activities earlier (M =4.44, sp=0.73).
The interview protocol is as follows:

Interviewer: What do you discuss?
#6: We discussed how to answer the question and we
taught each other.

Hence, results showed that the My-Mini-Pet facili-
tated discussion among the students and lengthened
the learning time.
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Research limitations

It should be emphasized that this is a pilot study for
handheld learning games. There are several limitations
to this study that should be addressed. First, the subjects
participating in the experiment were few, even though
they had diverse characteristics (e.g. gender, math
abilities, and so on). Second, the study was a one-time
implementation of limited duration. Design-based
research (Barab & Squire 2004) reminds us that the
study lacks a longitudinal component, not only to inves-
tigate long-term improvement of math ability but also to
explore potential positive and negative effects. We
should be careful when generalizing the study findings
to interpret the interaction between other types of games
and different contexts.

Discussion

These findings have inspired us to rethink and anticipate
that handheld games may have great potential and edu-
cational value in developing one-to-one digital class-
rooms. This study shows that they can have some
positive influence on cognition and affectivity. In par-
ticular, the My-Mini-Pet system, which combined pet-
nurturing and learning activities, provides long-term
relationship management with the pet and maintains
long-term motivation for learning. The feature of long-
term management will help learning to promote the
adoptability of students and to integrate current learning
tools.

Handheld games could promote the
adoptability of students

Motivation is an important aspect of effective learning,
but motivation needs to be sustained through feedback
response and reflection (Keller 1987). The key chal-
lenge for effective learning with handheld games is to
engage, motivate, support, and interest students. It is
also important to have clear learning outcomes which
are relevant to real world contexts of practice. The char-
acteristics of handheld games allow students to interact
easily and naturally with others (negotiation, coordina-
tion, communication, discussion, collaboration, and so
on) in the game environment. Zurita and Nussbaum
(2004) proposed similar games for learning of math and

language in a mobile computer support collaborative
learning environment.

Handheld games could promote integrated
learning tools

One-to-one (1:1) technology enhances learning by
bringing us personalized communication (Sharples
2000; Roschelle 2003), personalized libraries (Sharples
2000; Chan et al. 2006), and facilitates open learning
(Squire 2009). Personal mobile technologies and game
environments for personalized learning could have
immense impact. For example, Bell et al. (2006) have
identified the mobile game, Feeding Yoshi, as a kind of
sophisticated design which provides a route to creating
an engaging experience. The character of handheld
devices (portability and mobility) could lead to the
adaption of informal learning into formal learning
(Roschelle 2003), to form a seamless learning space.
Seamless learning (Chan et al. 2006; Borgman et al.
2008) means that the students would learn in different
contexts, such as time, locality, and space. Through
personal devices as the medium, students could easily
and quickly change to another context. The wireless
network would connect handheld devices outdoors with
the desktop PC indoors. The game environment could
easily integrate different learning tools and gameplay to
keep the students motivated to use these learning tools.

Conclusions and further works

The study explored the design and the development of a
handheld pet-nurturing game with a learning environ-
ment. Firstly, the My-Mini-Pet was developed to run on
a handheld device. The system took advantage of three
design strategies: pet nurturing, pet appearance chang-
ing, and pet feedback. The design rationale behind the
system was that taking good care of the My-Mini-Pet
would improve the student’s learning status through the
open student model. Besides, the My-Mini-Pet system
also attempts to promote reflection and helpful interac-
tions among classmates. This study also examined the
influence of the My-Mini-Pet prototype. The cognitive
results show the students to be positively influenced, but
some points still need to be considered. The affective
results revealed that the students were engaged in the
learning activities. The strategies also attracted the
attention and aroused discussion among peers.
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Next step

Additionally, we see three directions in which the
pet-nurturing game research could be implemented.
The first focuses on educational issues, which we would
benefit from increased student learning motivation. This
could be improved by adjusting changes in pet appear-
ance to balance the difficulty of the learning task (Chen
et al. 2007). The second direction focuses on technical
issues, for benefit of students’ learning reflection. This
means to redesign the open learner model (Bull & Kay
2007) to more dynamically present the learning status,
to encourage students more actively, and to regulate
their learning state. The final direction focuses on social
issue, related to the benefit of students interacting with
others. Enhancing learner interaction (Chou et al. 2003)
could be accomplished by having the animal companion
play the roles of competitor, collaborator, tutee, peer
tutor, and so on (e.g. NPC, non-player character in
online game). By means of the above, we could improve
the design of the game-based learning strategy.
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