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Abstract— Teachers, schools and parents are
continually looking for ways to make core
subjects, such as mathematics, more
stimulating for students from a wide variety
of backgrounds and cultures. Recently, a
technique that uses ideas from game design,
often called gamification, is popular for its
potential to increase students’ engagement,
retention rate and learning quality in the
classroom. Therefore, in this paper authors
present the application of game design into
non-game context like mathematics in a
topic of plotting polynomial functions. This
is to investigate student’s learning whether
gamification techniques could make the class
more enjoyable, interesting and help students
in mastering their knowledge. A game for
Android devices or tablets on the topic of
plotting polynomial functions has been
developed and published on Google Play
Store under the name of ―Astro Graphy‖ for
anyone to download for free. The authors
have also made some questionnaire for

people who tested and played the
application. Two surveys were undertaken as
part of this case study, one on undergraduate
students and another one on high school
students. The results are discussed and the
potential for gamification and mobile
technology to be used more widely in
education is examined.
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I. INTRODUCTION
In the past decade, E-learning has mostly
applied to desktop PCs at home and in the
classroom, as teachers and students make use
of the web as a platform for technologyenhanced learning. Although the web and
desktop computing is highly successful,
there are also some limitations for learners,
e.g. internet access, fixed location, amount of
time to set up. With the significant recent

increase in mobile device use [1], [2],
together with the convenience anywhere and
anytime access, mobile learning has become
equally relevant to educational researchers
and teachers. Mobile learning in classrooms
can lead students to work individually,
interdependently or in groups to learn, to
solve problems or to work on projects [2]. It
allows learners to access a variety of content
and availability of applications anytime and
anywhere, inside or outside classroom.
Gamification refers to the use of game
mechanics in non-gaming contexts [3] or to
the phenomenon of creating gameful
experiences [4]. It is now an emerging trend
in many different areas in particular
education [5], [6]. Gamification technique
has potential to influence three major areas:
(i) cognitive - games provides complex
systems of rules for players to explore
through experiment [7], (ii) emotional games evoke a range of emotions, from
curiosity to frustration to joy [8] and (iii)
social – games lead players to try on new
roles and make in-game decision [9], [10].
Furthermore, it does enhance motivation and
engagement in learning for students [11]. A
good case study of how gamification helps
at-risk student succeed is a mathematics
class by Fanelli who makes her classroom to
become a MathLand, she sets up each step of
her teaching topics to be as a level for
students to win through and fight for higher
levels to be in a good position in a leader
board. In addition, such a leading expert in
educational game as David Dockterman [12],
[13] also stated that four elements in the
game that are required for students to learn
are (i) the tasks must be about the content to
be learned, (ii) feedback must be immediate
and meaningful, (iii) progress must be
transparent and (iv) the stakes must be low.
Mathematics is a core subject that is
fundamental to all educational curriculums.
Although there is a great attempt of both
teachers and parents to improve their
students’/children’s mathematics skills,
statistical data shows that mathematical
literacy especially in Thailand is still poor.
The data by Trends in International

Mathematics and Science Study (TIMSS)
shows that in 2011, Thai Prathom 4 and
Matthayom 2 students were in the ―poor‖
category in mathematics. Furthermore, the
result of Ordinary National Educational Test
(O-NET) for Matthayom 6 students in 2011
shows an average score in mathematics of
15%. This data supports the call for better
techniques in teaching mathematics to
improve the situation in schools not only in
Thai education but worldwide.
As part of the search for new techniques,
in this research we explore the possibility of
applying gamification in mathematics. The
topic of plotting polynomial function (linear
and quadratic), which is a basic background
to further study in higher level of
mathematics, is selected as a case study for
applying gamification techniques. The aim
of the work is to create a game for high
school students. The game itself is designed
to aid the understanding of polynomial
functions, in particular the connection
between graph and function. The game is not
designed to replace traditional classroom
learning, but it is a possible tool for teachers
to use in the classroom to reinforce
understanding and to create higher levels of
engagement.
II. GAMIFYING POLYNOMIAL
FUNCTIONS
Astro Graphy is a mathematical game
application for Android tablets, allowing
learners to test their knowledge of graphing
polynomial functions (linear and quadratic).
The aim of the game is for the learner to
match a given graph (in red) to a target graph
(in blue) by adjusting the coefficients of a
provided function. Learners adjust the
coefficients by tapping buttons to increase or
decrease their value as shown in Figure 1.
The graph updates immediately giving
learners instant feedback on the effect of
changing the coefficients of the function. It
is expected that this would make those who
play learn the meaning of coefficient of each
term of function and understand better what
each term in the function represents.
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Within the application, it contains 15
levels in total starting from easy (linear
function) to difficult (quadratic function and
mixed). Each level contains 5 randomly
selected graph matching tasks with the time
set of 20 seconds for each graph. The scores
are calculated from the time the users have
left in each question. The users are not
allowed to play the next question unless they
get the current question correct.
The learner receives points for every graph
that they are able to match within the given
time limit. At the end, the points will be
turned to the number of stars they can get in
each level as a reward. In the same style as
adventure games, the learner must complete
levels to unlock another level, with each
level presenting a new challenge.

levels in green area focusing on simple linear
function whereas the ones in red are more
difficult linear function and simple quadratic
function when the level is up, respectively.
III. IMPLEMENTATION
The application was developed by starting
with the process of application design,
creating storyboard, implementation, testing
and publishing. The idea of the game within
the application was written as the flow chart
in Figure 3.

Fig. 2 Screenshot of the levels in the game

Fig. 3 Overall process of application
Fig. 1 Screenshots of the game (top) the game start
(bottom) when the learners manage to get the question
correct

For example, early levels contain only one
linear coefficient and as the learner
progresses, they are introduced to single
quadratic coefficients and finally multiple
coefficients such as f ( x)  ax 2  bx  c
where a, b and c are coefficients of
polynomial function. Figure 2 shows the
progression through the game, the first three

Once the idea was built, the storyboard of
a whole application was then created. This is
for choosing the best user experience for
high school and undergraduate students.
These storyboards were done in Microsoft
Powerpoint. Some of the examples of
storyboards within this project are shown in
Figure 4.
In the next step, Adobe Flash Professional
CS6 and ActionScript 3.0 were used for
drawing the graphic designs and writing all
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the game and interface logic. The algorithm
for plotting the graph is achieved by an idea
of drawing many tiny straight lines
connecting points of the coordinates
calculating from the function provided in the
game starting from x  10 up to x  10 .
This will give a graph that looks smooth to
the user.
IV. TESTING

use this game for obtaining better
understanding and used in their further study.
By playing the games, users can learn how
the graph relating to the written function and
by adjusting the coefficient of each term in
the function, users can learn the true
meaning of each coefficient by experience,
not memorizing it. Some of the screenshots
of Astro Graphy application is shown in
Figure 5.

Early prototypes of the application were
tested by 10 users and the game dynamics
were improved before finally publishing on
the Google Play Store [14]. Two surveys
were undertaken, one on undergraduate
students and another one on high school
students. The questionnaire was given out to
84 individuals.
Fig. 5 Example of Astro Graphy screenshots

Fig. 4 Storyboard screens of application

IV. RESULTS AND DISCUSSION
In this research, Astro Graphy was
developed to expand the learning experience
of mathematics through game. The name
Astro Graphy itself represents what are in the
application, learning how to plot polynomial
(linear and quadratic) function where the
background scene and the sounds within the
game relating to astronomy. The users of
Astro Graphy can be ranged from
Matthayom 1 (who start to learn about
function) to Matthayom 6 students (who can
use this game as a part of their revision for
university admission exam). In addition,
undergraduate students or higher can also

A questionnaire about Astro Graphy was
given out to 84 people after they played the
games in the application asking for the
feedback. Most of them are high school
students in Phitsanulok and undergraduate
students
in
Naresuan
University,
Phitsanulok, Thailand. To evaluate the game,
observation of the students was performed in
addition to the collection of questionnaires.
Figure 6 shows 65% of the population
who did the questionnaire are male and 35%
are female, whereas 51% of the population
are students at the high school level, 41% are
undergraduate students and only 8% are
either post graduate or above. The average
satisfaction scores to the application in
variety aspects, given by people who
answered the questionnaire are shown in
Table I. The score of each questionnaire is
out of 5.0 and the score of 1.0 – 5.0
representing the level of satisfying,
respectively where 5.0 is the most satisfied
score.

The Eleventh International Conference on eLearning for Knowledge-Based Society, 12-13 December 2014, Thailand

Title

enthusiastic to play the game and continue
deeper into the higher levels of the game.
With comments and feedback from 84
users who did the questionnaire after using
the application, an improved version was
further developed and is now available for
free on Google Play. Higher degree of
polynomial functions and other types of
function/equations are planned for future
versions of Astro Graphy.
V. CONCLUSIONS
Fig 6. Percentage of number of people answering the
questionnaire (left) by gender (right) by level of
education
Table I
Average satisfaction scores of Astro Graphy

From Table I, it can be seen that the scores
of all title are above 4.0 out of 5.0, which
corresponds to more than ―very satisfied‖. In
particular the last two points in the table
indicate that the application is modern, good
for teaching and should be developed further.
In the questionnaire, some users suggested
not only that the topic within the application
should be extended and involved other
mathematical topics (e.g. circle equations,
trigonometry), but also increase the difficulty
of higher levels. Furthermore, 100% of the
people who did the questionnaire support the
researchers to develop this application
further and agreed that learning mathematics
through games on mobile is good idea for
learning. Informal observations during the
time users play the game positively indicated
that the application caught students’ interest.
In particular, most students looked

As discussed at the beginning of the paper,
making mathematics more engaging in the
classroom is a global issue that is important
to address. Furthermore, with the nature of
the Thai educational system emphasizing a
―memorize and recall‖ style of learning, a
more interactive and exciting environment is
required to improve mathematics classes.
One approach is to utilize technology, and
therefore Astro Graphy was developed to
expand the learning experience of
mathematics using game techniques. In this
research, the topic plotting polynomial
functions (linear and quadratic) has been
chosen, since it is a fundamental knowledge
for applying to other subjects. Eighty four
questionnaires give us a promising result that
the game is both fun and could extend
education beyond the physical confines of
the classroom. It is no doubt that gaming will
be a part of students’ lives for years to come,
therefore, it is a great challenge for us to
think how we can design game-play that
could be meaningful to the students, and
fruitful for their learning.
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