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Mathematics Education
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ABSTRACT

This article explores how motivation in computer games could be integrated into mathematics
education. The scope of the study was confined to four motivation dimensions, namely challenge,
control, complexity and collaboration. A phenomenology study was conducted with the purpose
to obtain a common understanding of nine teachers and 11 students about mathematics education,
particularly focusing on teaching practices and learning difficulties in mathematical problem-solving.
Qualitative interviews have revealed that the existing mathematics education is built on drill-and-
practice approach with Polya’s problem-solving technique, i.e. exam-oriented, rote memorization and
the use of predefined strategies. This approach to learning has failed to motivate students to learn
(affective) and failed to develop an understanding and creativity (cognitive/metacognitive). Looking
from a gaming perspective, mathematics problems should be challenging and complex, and students
should be given control to carry out a plan. And finally, collaboration should be encouraged to enable
reflective learning.

KEYWORDS

Challenge, Collaboration, Complexity, Computer Games, Control, Mathematics, Motivation, Problem-Solving

INTRODUCTION

In Asian countries, mathematics has been taught using a didactic method. It is primarily in the form of
drill-and-practice and repetition of instructions (Li, 2006). Mathematics is exciting and challenging.
Yet, many children find it dull and boring. Children tend to be negative, less motivated towards
mathematics and not confident in solving complex and challenging mathematical problems (Awanta,
2009; Kislenko, 2006). Despite this, children are drawn to and able to solve sophisticated problems in
computer games (Papert, 1998; Prensky, 2001). It is really impressive to see children as young as seven
to play complicated games, e.g. Yu-Gi-Oh that involves complex language, vocabulary, and thinking
skills (Gee, 2008). Computer games could motivate children to learn and go through consecutively
more challenging tasks in the games, voluntarily and successfully. It would be interesting to look at
how these games engage children in addressing various problems, and how these motivations could
be incorporated into mathematics education.
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The research question addressed in this study was: how mathematics education could be improved
by understanding the motivation of gaming? Three operational research questions were derived to
govern the research process:

1. What were teachers’ perceptions and teaching practices in mathematics education?
What were students’ perceptions and learning difficulties in mathematics education?
3.  How mathematical problem-solving was related to the motivation in computer games?

In this study, data about gaming was drawn from the literature so no experiment was conducted
in this area. Firstly, a review of the literature was conducted to understand mathematical problem-
solving and motivation in computer games. Then, qualitative interviews were conducted to understand
the existing mathematics education in schools. Finally, the author tried to compare and integrate the
game motivation into every stage of mathematical problem-solving.

LITERATURE REVIEW

Mathematical Problem-solving

Problem-solving is one of the fundamental human cognitive processes that plays a significant role
in mathematics education. Mathematical problem-solving approach is fundamentally built on the
Polya’s (1945) four-stage model:

1. Understand the Problem: Problem-solving should be driven by a deep interest in understanding
what is required by the problem (Polya, 1945). The approach to problem-solving depends on
how people understand the problem (Sternberg, Sternberg, & Mio, 2012);

2. Devising a Plan: A problem solver has to plan at least in outline, which calculations or
constructions to be performed in order to obtain the unknowns (Polya, 1945). A plan is how
various items are connected and how the unknowns are linked to the data to obtain the idea
towards a solution;

3. Carrying out the Plan: A problem solver should control and self-regulate to keep track and
carry out the plan;

4. Looking Back: A problem solver has to reexamine the complete solution to consolidate his/her
knowledge (Polya, 1945). Mistakes are inevitable so metacognitive skills such as reflection and
evaluation are required for effective learning (Yimer & Ellerton, 2006).

The use of Polya’s (1945) four-stage model alone could not automatically lead to a solution of
a mathematics problem (Orton, 2004). There is a debate of whether mathematics should be taught
using drill-and-practice or with an understanding or creativity (Davis, 1990). The drill-and-practice
approach is a deeply rooted traditional way of teaching mathematics. Students are told what to do
and how to do, and then followed by substantial amount of drill-and-practice (Davis, 1990). This
approach is grounded on the assumption that people can become experts through imitation and practice
repeatedly (Li, 2006). The primary focus of drill-and-practice is to memorize a routine algorithm
(Davis, 1990). In this case, students do learn mathematics, but they learn to memorize a collection
of procedures that are useful for certain purposes (Romberg & Kaput, 1999). It is similar to learning
to match the right collection of procedures to a specific problem without looking at the reasoning
behind the procedures. Routine practice involves the deployment of a set of routine that does not
require creativity, guesswork or discovery (Romberg & Kaput, 1999). It is an effective way to foster
retention in the memory (Orton, 2004). Here, mathematics is perceived as a fixed and static body
of knowledge because it involves only the mechanistic manipulation of numbers, algebraic symbols
and proving of geometric deductions (Romberg & Kaput, 1999). This approach might be useful to
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solve routine problems, but not non-routine problems. The drill-and-practice approach to mathematics
learning is a controversial issue.

Mathematics is not simply a body of knowledge, it is also a creative activity that involves both
process and product (Orton, 2004). A creative approach is necessary because mathematics is too
complex to be learned merely through rote or routine procedures that are dull, demotivating and not
helping students to develop their analytical thinking skills (Davis, 1990). Problem-solving is not a
routine process because each problem should have a certain level of novelty that requires learners
to be creative (Orton, 2004). If learners can easily solve a mathematics question using rote, then the
problem does not exist or the problem is routine. Polya’s (1945) four-stage model provides a general
guideline on how to proceed in problem-solving, but if students do not understand a particular lesson,
they will learn the routine problem-solving as an isolation skill that cannot be applied or extended to
new and unfamiliar problems (Polya, 1945). Thus, one of the major difficulties faced by the students
is to transfer knowledge learned to solve a new problem. Knowledge transfer is hard when students
could not relate what they have learned to a bigger picture.

Motivation in Gaming

In computer games, players can transfer the prior knowledge to mix with an innovation to enable
problem-solving of new challenges (Hamari et al., 2016; Hou & Li, 2014). They are mastery-
achievement oriented in which they are interested in learning for its sake and understanding. Intrinsic
motivation is built on inner psychological needs that can prolong the passion for learning effectively.
The three innate psychological needs for competence, relatedness, and autonomy are used to understand
what and why someone pursues a goal (Deci & Ryan, 2000). Good computer games are built on the
psychology needs: (1) competence - give power to players to test and experience; (2) autonomy -
provide alternatives that allow creativity, audacity and exploration; (3) relatedness - foster socialization
and communication (Denis & Jouvelot, 2005). To satisfy players’ innate psychology needs, intrinsic
motivations can be fostered through challenge (Hou & Li, 2014; Liu, Cheng, & Huang, 2011),
complexity (Akcaoglu & Koehler, 2014; Yang & Chang, 2013), control (Hou & Li, 2014; Qian &
Clark, 2016; Yang & Chang, 2013) and collaboration (Girvan & Savage, 2010; Hamalainen, 2008;
Sung & Hwang, 2013; Vos, van der Meijden, & Denessen, 2011). The four motivation dimensions
are game design elements (Qian & Clark, 2016).

Challenge

Challenge is defined as “the degree to which individuals finds it difficult to cope with specific tasks
involved” (Shin, 2006, p. 3). The challenge of effective games should match with players’ growing
abilities to facilitate continued learning in game-based learning environments (Hamari et al., 2016;
Hou & Li, 2014). If the challenge is easily achievable, players may get bored; if the challenge is too
tough and unachievable, players may give up and worry (Hou & Li, 2014). The challenge in computer
games works on the principle of hard fun, in which fun and life-enhancing because it is hard and
challenging (Gee, 2007; Papert, 1998). Computer games are fun because they are challenging.

Complexity

High quality games possess complex problems. Cognitively complex problems are used to
engage players more deeply, and hopefully to facilitate the learning of complex strategies and
significant problem-solving skills (Hamari et al., 2016). Popular games such as FIFA, The
Sims and Candy Crush require not only complex problem-solving skills but also concentration,
logical thinking and multitasking skills. The complexity of games generates perceptual curiosity
and motivates players to explore the games (Hamari et al., 2016). Past studies have shown that
engaging students in games-design facilitates complex knowledge construction (Akcaoglu &
Koehler, 2014; Yang & Chang, 2013).
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Control

According to De Charms (as cited in Wishart, 1990, p. 141), “man is motivated primarily by a desire to
produce changes in his environment, that is to say to control it.” Control is a factor of flow experience
in game-based learning, i.e. when players enjoy playing games, they can control the quality of their
experience (Hou & Li, 2014). People will feel motivated and empowered if they feel that they are
in control because it satisfies the innate psychological need for autonomy. In gaming, players are
motivated to play because they have control over the game characters and decision making. Players
who experienced a greater sense of control would perceive higher levels of the ease of use (Hou &
Li, 2014). Engaging students in games-design promotes self-control of learning and thinking (Yang
& Chang, 2013). The motivation in games comes from being able to learn effectively and exert some
control over the games’ outcome.

Collaboration

Collaboration satisfies the innate psychological need for relatedness. Relatedness can be fostered in
collaborative groups and teamwork (Hamalainen, 2008; Sung & Hwang, 2013; Yang & Chang, 2013).
Games built on situated learning place a strong emphasis on the social context, and knowledge is
constructed through participation in the learning communities (Girvan & Savage, 2010; Hamalainen,
2008; Sung & Hwang, 2013). For instance, in role-playing games, a player can feel the sense of
belonging in virtual world communities and relatedness to other players. The player may also feel
deeply connected to the game characters for adoring and respecting their powers and capabilities.

METHOD AND DATA COLLECTION

This is a phenomenology study of a sample of 20 participants from five secondary schools in
Malaysia. The sample was recruited through purposive and snowball sampling. The author specified
the characteristics of the population of interest and locates key informants she felt will yield the best
understanding of what she was studying, i.e. senior mathematics teachers and male/female students.
Though the decision could be wrong, almost all qualitative researchers use purposive sampling
because random sampling normally is not feasible (Fraenkel & Wallen, 2006). After that, the key
informants (i.e. the senior mathematics teachers and students) recommended and led the author to
other teachers and students based on their knowledge of who would be the best to help in the research
area. Nine mathematics teachers and 11 students were recruited. The recommended sample size for
phenomenology studies is approximately six participants (Mertens, 2010), which is smaller than other
qualitative research methods. In qualitative research, there is no exact sample size that is considered
as appropriate, but it depends on the purpose of a study (Cohen, Manion, & Morrison, 2007; Patton,
1987). This study aimed to explore the perspectives of a few individuals in greater depth to obtain
rich information about their worldviews in mathematics education. The author did not attempt to
generalize the results beyond the population pool. According to Creswell and Plano Clark (2011), the
use of a small sample size in qualitative research is not a problem because the intention of collecting
the data is to seek an in-depth understanding of a few people. Teachers’ and students’ perceptions
were explored through standardized open-ended interviews structured around three major themes
- demographic information, teaching methods, and students’ performance and attitudes in learning
mathematics. The interviews were useful to understand what the participants were thinking and why
they thought what they did.

RESULT AND DISCUSSION

The findings of this study are discussed in two major sections (1) the existing mathematics education,
and (2) the comparison of problem-solving methods in mathematics and computer games.
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Mathematics Education

To teach problem-solving skills, most of the mathematics teachers present some kind of strategy,
modeled after Polya’s (1945) four-step process. The impact of Polya’s works in mathematics education
is remarkable. Three teachers said:

Understand the problem, do proper sketching; we need to draw a simple diagram to understand yes,
they do. Then write down your equation and then solve it and check your answer.

We ask them to read question at least more than 3 times. And then try to identify what are the
information given. Then try to plan out the strategy. What formula to be used. What have to find.
Step-by-step.

They have to understand the question, and then they have to identify what is required by the question.
I will ask them to underline the important points. ldentify the formula and solve it. Finally, check
using a calculator.

In the first phase of understanding the problem, students are advised to read the question for at
least three times. In this stage, students need to understand what is required by the question based on
the information given and highlight the important points. During the second phase of devising a plan,
students should plan their strategy (e.g. do proper sketching or diagram) and identify the formula to be
used. The third phase is to implement the plan. Finally, the fourth stage is looking back, and students
are advised to check their answers, e.g. using a calculator. The four processes are linked to Bloom’s
Taxonomy (Krathwohl, 2002) — remembering (recall a formula), understanding (comprehend the
question), applying (solve the problem), analyzing (draw a diagram), evaluating (check the validity
of the answer) and creating (construct a strategy). Despite this, students’ interviews have revealed
some challenges and difficulties in learning mathematical problem-solving (see Table 1).

The findings in Table 1 have shown that teaching Polya’s problem-solving technique alone is
inadequate to develop interest (affective), and understanding and creativity (cognitive/metacognitive)

Table 1. Theme - students’ learning difficulties

Code Students’ Participants

e When it comes to all those higher order thinking kinds of questions... So it takes me quite some
times to understand. So, it’s a struggle.

e Yes struggle quite a lot... one thing I notice about Maths... All are patterns... As long as I
understand the pattern, I can catch up.

e [ am not very good with diagrams (visual-spatial).

e Drawing graph... I am not good at finding how to do draw it (visual-spatial).

e Confusing because it involves many unknowns so my head is very confuse seeing the question
(analysis).

o [ find it hard... carelessness...That can lead to answer wrong (evaluation).

e Expose us to the questions that students commonly cannot answer or the mistakes that students
usually do (evaluation).

Cognitive/
Metacognitive

e Maths is interesting and fun and challenging... Is just that, it is not shown to me in a fun way.
Mostly is too bored.

e Boring... when I cannot understand the method. But I find it interesting when I understand fully
the whole method.

e When it comes to exercises, it has to be a challenging.

o [ prefer Add Maths to Modern Maths because Add Maths is more challenging and requires more
thinking. Thinking a lot.

o When I don’t find something fun, I lose focus. Then I won’t be able to understand it that easy.

Affective
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in mathematics. Many mathematics non-routine problems do not automatically lead to a solution by
applying the technique. To solve non-routine problems, metacognitive skills and higher order thinking
skills (HOTS) are important to develop mathematical thinking skills (Mayer, 1998). HOTS and
metacognitive skills could help students to apply what they have learned to a new unfamiliar problem.

The Comparison of Problem-Solving Methods in
Mathematics and Computer Games

In this section, the author has attempted to connect the Polya’s four stage plan for problem-solving
with computer games. In some cases, the problem-solving approach that is offered by gaming is
different from the Polya’s four stage plan. The discussion compares the learning context in a regular
mathematics classroom and gaming environment, and draws out the similarities and differences.
This will allow the identification of good practices in gaming that could be used in the mathematics
classroom for improvement (see Figure 1).

Understand the Problem

Before solving a problem, students need to have a genuine interest (affective) in them, and the capability
to understand (metacognitive) the context of the problem. Teachers’ interviews have revealed that
students lack of interest in learning mathematics and are weak in certain mathematical skills.

Table 2 has shown that teachers’ major concerns are circled around learning interest and
assessment. The teachers have asserted that students are trained to be exam-oriented, and they could
perform well through drill-and-practice. The teachers have characterised their students as field
dependent or performance achievement oriented learners because they do what is asked and only
learn what is needed to achieve the performance. The finding has implied that the existing formal
education in schools has failed to support transfer of knowledge and learning of HOTS. Mathematics
requires understanding and application of mathematical processes to enable transfer of knowledge.

Gaming Perspective

In computer games however, learning is transferable. Games usually provide proper guidance and
practice to ensure that the knowledge learned is transferable. In a single game, players are required to
use the skills and strategies gained from the previous level, and the knowledge is often applicable to

Figure 1. Integration of motivation in computer games and mathematical problem-solving steps

/ Mathematical problem—solving\

Challenge > Understand the Problem
Computer Complexity > Devising a Plan
Games
Control > Carrying out the Plan
Collaboration > KLooking Back /
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Table 2. Theme - affective and metacognitive

Code Teachers’ Participants

e They do not like mathematics because they do not like numbers.

e Some can say a little phobia about numbers.

e They see a long story, the problem-solving question... they will just give up.
Affective (Interest) e Some of them are not really interested in maths.

® Most of them have no interest.

e They easily give up, no patience in solving.

e For those who are not interested, they only do what is required.

o [ think most of them study for the sake of exam.

o They are exam-oriented.

Affective (Exam- e We need to train the students, prepare students for the exam.

oriented) e One (exam) paper...they don’t emphasise the working, they emphasise the answer.
e We need to drill the students to do pass year questions.

o They study for the sake of achieving a good result.

o Students are lack of exposure in problem-solving or application questions.

?ietalci?:iggln‘;?ﬁans ferof | ® They know what it means, but application wise they have a little bit trouble.
kngs)v Jedge) o Transfer the information - that is what they can’t.

o Our syllabus more of just maths only... Very few topics got application daily life.

e We have not really train the students... Before that we are not talking about higher order
thinking skill.

e They won’t be able to think in deep.

Metacognitive (HOTS) e Very few HOTS... certain topics none of the HOTS question, just using formula.

o | think only 20% of them use their brain to do analytical thinking... They do not have
analytical and logic thinking.

o They are using calculator...indirectly their logical thinking will be very very low.

other games or the entire genre. The challenges in games are new and unpredictable (i.e. non-routine),
yet the players see the underlying similarities and differences between previous gaming experience
and the current problems in the games. HOTS are required to play computer games, e.g. strategy and
simulation games (Hung & Van Eck, 2010). In computer games, players are learning HOTS naturally
without external force. Moreover, computer games are motivating and enjoyable. Computer games
usually draw players’ interest and curiosity by giving novel surprises. The uncertainties in games
stimulate players to play and discover more (mastery achievement oriented learners). Curiosity and
playfulness are human nature because people love to know the answer to everything (Stafford, 2012).
The curiosity will drive the desire to play and this will create a fun and interesting experience (Denis
& Jouvelot, 2005). When the players’ curiosity has been satisfied by overcoming challenges in the
games, it creates a positive and pleasant experience.

Devising a Plan

During planning, a problem solver has to strategize which computations to be performed in order to
obtain a solution. Teachers’ interviews have revealed that predefined strategies are taught by giving
step-by-step examples.

Table 3 has shown that direct instruction of predefined strategies is a deeply rooted traditional
way of teaching mathematics. Teachers will explain a concept by giving a few step-by-step examples,
and students are expected to practice the predefined procedures until they have mastered the concept.
Mathematics in this sense is portrayed as tedious, monotonous route to follow and a lot of problems to
clear (Romberg & Kaput, 1999). In particularly, a teacher will begin a lesson by giving some examples
and then followed by more exercises. Students are expected to follow a step-by-step predefined
strategy laid down by the teachers.
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Table 3. Theme - predefined strategies

Code Teachers’ Participants

o [ still prefer showing more examples on the board.

o Our syllabus is more rigid. Students learn whatever taught by the teachers.
Example e They won’t use their own strategy... wait for teacher’s answer.

o Give the basic first then example...Then drill them through exercise.

o After I teach, I give a few examples. I let my students to do exercise.

o [ am more straightforward... Explain the step by step.

o [ will encourage them to do it step by step.

Step-by-step/ e Our questions are more straightforward to the point... when they are asked, they can answer.
straightforward e When you are talking about something different situation (not straightforward). . .definitely they cannot.
e Students are quite straight. They don’t see can modify the question to get the final answer.

e Some students are overcomplicating. For simple (straightforward) questions, they are thinking too much.

Gaming Perspective

In computer games however, there are no predefined step-by-step strategies to win the games. Players
are free to adopt any strategies that they think will work through trial-and-error. The players can
learn and progress by testing a hypothesis, taking a risk and reflecting on the mistakes (Gee, 2007).
Each player has a unique strategy, and they are learning by making mistakes. Game strategies are
complex, informal, natural and flexible. According to Martinovic et al. (2014), there are 23 cognitive
elements found in computer games, e.g. mental mathematics, problem-solving, planning and selective
attention. Challenging and interesting games do not repeat the same pattern of problem again and
again (as in route learning).

Carrying Out the Plan

During implementation, a problem solver has to control and self-regulate to keep track of the plan.
Teachers’ interviews have reviewed that routine practice is the main approach used.

Referring to Table 4, teachers strongly believe that routine practice is the best way to learn
mathematics because they believe in practice makes perfect. Here, the practice is a form of behaviorist
learning theory. Given a particular type of mathematics question (stimuli), one then uses the predefined
method or formula that matches the question (response). The students only have to memorise the
appropriate response to the observed stimuli. Routine practice does not support understanding and

Table 4. Theme - routine practice

Code Teachers’ Participants

o They are drilled repeatedly... they have to keep on practising with many exercises.

o Definitely mathematics there is a lot drill for that.

e More practice and more actual practice. So they do more questions per day.

® You have to do a lot of exercises.

o First they need more practice and second, understand the concept.

e Very simple...They just have to do exercise that’s all.

o Succeed in math mean they just have to learn how to solve problem and do more practice.
o They supposed to be exposed with more real life problem-solving exercises.

Practice

e So many things to remember, so many concepts to apply, so they cannot cope.
o If students want to excel in exams, they just have to memorize.

o Now, the Form 1 students can’t even memorize the multiplication table.

o So they memorize even number, odd number, even number, like that.

Memorization
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creative thinking. Even so, the teachers have to spend most of the time re-teaching and providing
routine practice because the school is exam-oriented.

Gaming Perspective

In computer games however, the nature of practice is different. Practice in games is a form of
experiential learning. Knowledge is constructed from user-centered practice and reflection of concrete
experience (Fenwick, 2001). In games, knowledge is usually not conveyed explicitly. For instance,
in shooting games, there is no manual given on how to be a good shooter. The player has to learn by
exploring the games. If a player can figure out the opponent’s pattern of movement, the player can
anticipate where he (opponent) will go so that the player has a better shot at him (opponent). The
player has to discover the knowledge through practice and control of the game characters. In games,
knowledge and understanding are internalized through continuous practices. The learning is a cyclic
process in which cognitive structures are constructed through practice in the game world (Kiili,
2005). Players are in control of the game characters, and have full grasp of the strategies contained
in the games.

Looking Back

In the final stage, a problem solver has to re-examine the complete solutions. Teachers’ interviews
have revealed that students are facing difficulties in checking their own works.

Referring to Table 5, teachers have mentioned that students could not reflect on what they have
calculated or learnt. It is interesting to see the difference in perspectives between educators and learners.
The teachers expect students to do self-reflection while the students expect teachers to provide them
with individual feedbacks and guidance (see Table 1). For the teachers, they may not have sufficient
time to pay attention to individual student due to time constraint to complete the syllabus and heavy
workload in schools. It is difficult to achieve such a personalized attention in a conventional classroom
teaching that normally has a large number of students in one class.

Gaming Perspective

Computer games however are responsive to players’ needs. The responsiveness in games enables
players to learn from feedbacks. The players subconsciously reflect on what they have done and
observe the feedback about the success or failure of the action (Gee, 2007). The players are taking
an active role to reflect on lives experiences constructed through activity in the game world or virtual
social interaction. Consequently, the gaming experiences rely on players’ interactions with the gaming
environment and the responses of other players (Feinstein, Mann, & Corsun, 2002). Other players
could help them to reflect on what they have done, and even offer them with helps. For instance, in
massively multiplayer online role-playing games (MMORPG), social interaction is important because

Table 5. Theme - reflection

Code Teachers’ Participants

o Check your answer. I do emphasize that. Some will follow, some will not follow.
Depending whether they are lazy or not.

o They have no common sense... X is length. They calculate, calculate, calculate. They
got -8 so that is the answer. Is it logical (negative length)? They cannot reflect whether the
Reflection answer is logical or not.

e That’s it is very hard for us to make them to do our exercise, they end up copying. They
don’t know what they copy also (no reflection).

e For easy question, they feel it is too easy. So, they are not certain whether it is right or
wrong (poor reflection).
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the players are helping each other to succeed by offering and receiving assistance. Computer games
support relatedness through cooperation, friendship and social reinforcement. Players are connected
and related to other players who share the same interest and this forms a sense of belonging.

CONCLUSION

Looking from a gaming perspective, drill-and-practice approach to learning is analogous to
edutainment. Edutainment is built on behaviorist learning theory and the game encourages learners
to drill-and-practice more to response correctly to a sequence of stimuli (Egenfeldt-Nielsen, 2007). In
the carrot and stick approach, learning is achieved through training and rote memorization (Charsky,
2010; Egenfeldt-Nielsen, 2007). Edutainment usually starts with the delivery of content knowledge
and follows by some exercises to reinforce the knowledge learned. The game forces learners to go
through a linear progression (Denis & Jouvelot, 2005). Edutainment is claimed to be the worst type
of education (Charsky, 2010; Van Eck, 2006) because it drills-and-kills learning (Van Eck, 2006).
Education is seen as a suffering that is compensated for with sugar-coated entertainment (Resnick,
2004). Obviously, edutainment that is built on external motivation is neither educating nor entertaining.
In contrast to edutainment, understanding or creative approach to learning is analogous to commercial
off-the-shelf (COTS) games. To play the games, one needs to have complex language, vocabulary,
and mental abilities, e.g. cognitive and metacognitive skills. “Modern video games have evolved into
sophisticated experiences that instantiate many principles known by psychologists, neuroscientists, and
educators to be fundamental to altering behavior, producing learning, and promoting brain plasticity”
(Green & Seitz, 2015). Children nowadays are very keen and excited to solve these sophisticated
problems in COTS games (Papert, 1998; Prensky, 2001). COTS games that are characterized as
challenging, complex, controllable and collaborative to foster problem-solving skills and develop
both an understanding and creativity.

Learning from COTS games, mathematics should be taught with an understanding or creativity.
Firstly, to motivate students to understand the problem, it is crucial to engage students’ interest rather
than using extrinsic motivation, e.g. exams. Like COTS games, the problems should be challenging
and non-routine. The difficulty of the problems should be within the students’ regime of competence,
whereby they feel the challenge but achievable within their mental capabilities; or else the students
would be frustrated and give up because the challenges are beyond their grasp. Likewise if students
solve only routine problems, they would fail to develop creativity and new cognitive or metacognitive
skills. Secondly, to motivate students to devise a plan, it is crucial to stimulate students’ curiosity. Like
COTS games, the problems should be complex, i.e. not simply require step-by-step and predefined
strategies, but complex and creative strategies. The complexity of the problems stimulates curiosity
in students and this motivation can be relieved by specific exploration of the stimulus. To support
students’ cognitive processes, the complexity of the problem should be increased gradually and this
requires progressive construction of complex strategies. To draw students’ curiosity, novelty and
innovation should be included in the problem. Thirdly, to motivate students to carry out the plan,
it is crucial to give autonomy to the students. Like COTS game, control should be given to enable
self-regulation in keeping track and carrying out the plan, i.e. not follow strictly and memorize the
appropriate responses for a given stimuli through routine practice. The students having the need to
feel in control of the strategies that could lead to a solution. The capacity of the problem should
be appropriate to support optimal cognitive processes so that the students are able to monitor the
feasibility and accuracy of the solution. And finally, to motivate students to look back, it is crucial to
provide feedbacks to the students. Like COTS game, collaboration should be encouraged in learning.
For instance, peers interaction could help students to reflect on what they have done, and observe
the feedback about the success or failure of the plan (action-and-reflection). Students should take an

94



International Journal of Information and Communication Technology Education
Volume 14 « Issue 4 + October-December 2018

active role to discover and reflect on their problem-solving experiences, then interpret and generalize
these experiences to form mental structures. In this study, the author has tried to draw a new teaching
strategy out of COTS games instead of edutainments. Even though edutainments fit well into the
teachers’ current teaching practices, the games merely replicating the existing drill-and-practice in
schools. In contrast to edutainments, COTS games provide a new perspective to look at mathematics
education. This study has laid down a general principle on how to teach mathematical problem-solving
skills effectively. The principle however should be further tested in the actual classroom settings.
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