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Figure 5. Screenshots from the Grid Game: (a) Whole Numbers (range 1-1000), (b) Decimals, (c) Integers

4. GAMIFICATION FEATURES

Employing gamification, or the application of game design elements, techniques, and principles, in education
across different subjects and different learning activities, has been prevalent in the past years. Primarily,
gamification is used to motivate and engage students better, with the hope of increasing the effectiveness of
learning materials, as well as to hone skills such as creative thinking and independent learning (Caponetto et
al., 2014). Moreover, video and mobile games enjoy widespread popularity among the youth; for instance, in
the Philippines, it is reported that there are approximately 40 million gamers with around 75% of them
playing games on mobile devices (Elliot, 2020). Thus, it is opportune to use gamified environments in
education to take advantage of students’ familiarity with and disposition towards games.

The design of the Ordering Game, Target Number Game, and Grid Game, as described in the previous
section, was guided by gamification principles and took advantage of game-like elements and settings to
maximize their effectiveness and encourage student participation. More specifically, these three apps adhere
to the Educational Games Design Model (Ibrahim & Jaafar, 2009), which consists of Game Design,
Pedagogy, and Learning Content Modelling. Table 1 provides the details of the apps’ Game Design.

Table 1. Game Design of Ordering Game, Target Number Game, and Grid Game

Element Implementation
Usability Satisfaction The vibrant color theme, large font styles, and visual designs in the three apps are
catered to its target users, who are primarily grade school students. The apps
feature different modes and difficulty levels for more diverse experiences.

Efficiency The three apps feature simple menus and interfaces. Users can immediately go into
a game level after a few menu selections. Transitions between levels are quick and
the controls are simple and responsive.

Effectiveness The three apps simulate learning activities that can help students develop their
numeracy skills. Each app allows the users, with the guidance of an adult, to
customize the app’s topic and level to match the students’ level.

Multimodal Multimedia The apps make use of texts, icons, figures, simple animations, and sound prompts.

Interaction The apps are interactive with users being able to tap, click, or drag objects on the
screen directly using touch gestures, or indirectly using an input device.

Fun Challenge The difficulty level of the games can be adjusted so that users can start with easy

Clear goals

Uncertain outcome

Self-esteem

levels and progress to more challenging levels on their own or as instructed by
their teachers. The topics covered as well as game elements can be adjusted.

Each app has a single clear goal. The user is prompted once the game is done or
the goal is achieved.

The problem in each game is randomly generated but strategically planned.
Moreover, solving each problem requires higher-order thinking. For example, in
Ordering Game, there is some uncertainty in the sequence of numbers that will be
generated, so users are potentially confronted with a new set of challenges each
time.

The customization of the difficulty levels allows the user to build their self-esteem
as they successfully win more difficult levels.
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On Pedagogy, the previous section details how the strategy for each game requires knowledge and skills
on numeracy. To summarize, the strategy for Ordering Game requires estimation skills and knowledge of
number magnitude; for Target Number Game, the strategy requires knowledge of number magnitude and the
effect of operations; and for Grid Game, the strategy requires knowledge of incrementing/decrementing by
ones and tens. With the tiered difficulty levels implemented in the apps, users can develop knowledge and
skills as they encounter the need to formulate new strategies for the increasingly difficult levels. Moreover,
the three apps can be used independently, requiring little guidance from adults or teachers.

On Learning Content Modelling, the three apps were designed so that the math topics involved therein are
aligned with some of the most essential learning competencies for Grades 1 to 6 (Department of Education,
2020) prescribed by the Philippine Department of Education. These apps can also be used as remediation or
enrichment activities for students in higher grade levels. As previously described, the contents and game
structure of each app were designed to promote higher-order thinking skills so that even older children or
adults can be challenged by the apps.

5. INTEGRATION OF THE APPS INTO THE CLASSROOM

The nature and gamification features of the apps described in the previous sections ensure opportunities for
students to engage in non-routine problems which require analysis, estimation, making predictions and
conclusions, and reasoning. Such engagement promotes active learning and the prospect of developing
higher-order thinking skills. There are several approaches in which the app can be integrated in the classroom
to support student learning and develop higher-order thinking skills among students.

All the three apps (Ordering Game, Target Game and Grid Game) can be used to provide input for
meaningful mathematical activities. When these are utilized, it should be directed towards (1) reasoning; (2)
inference making; (3) creation of a strategy and (4) collaborative interaction with classmates. To illustrate, in
the instance of Ordering Game shown in Figure la, the teacher can ask questions such as: Which of the
numbers 56 and 65 should be used? In which position should it be placed? Why? These questions engage
students and can develop reasoning skills, form inferences and eventually devise a winning strategy.

Similarly, in the Target Game, the teacher can pose questions as a scaffolding technique towards stronger
understanding and reasoning. In the problem shown in Figure 2b, teachers can ask: Which two numbers can
be placed in the hundreds place to get a four-digit sum? What numbers should be placed in the tens digit to
get the greatest sum? How many possible answers are there? After several examples, the teacher can lead the
students to make a generalization on how to create the greatest sum from the given digits.

In the Grid game task shown in Figure 5a, teachers can ask: Which of the buttons should be used to go
from 577 to 979 within 6 moves? Is it possible to do it if the +1 button is used? Why? How about if the +10
button is used? How many solutions are possible to get the target number?

The team has also conducted a series of webinars and training for teachers to introduce them to the apps
and highlight its potential for developing higher-order thinking skills. Initial feedback is promising. Some
comments indicate that the apps are “very enjoyable and motivating” and “will help students ignite their
interest” through “its game like features”, and that learners “will be able to enjoy, think and [be] challenged a
lot”. A more robust implementation will form the next phase of this ongoing project (although initial
implementation has started for the apps in October 2020 in selected Department of Education School
Divisions). It is anticipated that the apps, which are designed on the basis of research in mathematics
education (Ellemor-Collins & Wright, 2011; Siegler & Lortie-Forgues, 2014; Van de Walle et al., 2015) and
mobile technologies (Fabian, 2018; Ibrahim & Jaafar, 2009) can facilitate mathematical thinking.

6. CONCLUSION

The numeracy apps presented here address an urgent need, especially because many of the available apps
focus on rote learning rather than on developing deep conceptual understanding and higher-order thinking
(Papadakis, Kalogiannakis, & Zaranis, 2018). The three apps described in this paper were designed on the
basis of mathematical and pedagogical frameworks, and on gamification strategies. Further, the apps are
aligned with official learning competencies, while also promoting higher-order thinking skills. The apps were
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designed to run on mobile technologies to encourage and enhance the student learning experience. Another
intention was to maximize the benefits of mobile technologies such as mobility and portability, to overcome
time and space constraints in the learning environment. Beyond pedagogical and gamification designs, the
role of the teacher and the educational context are crucial elements in the success of integrating the
mathematical apps in learning.

The development of the mathematical apps described in this paper is funded by a government agency, and
partnerships with various school divisions had been forged. The next step in the project is to study the
effectiveness of the apps for student learning, and possibly how these affect the students’ attitude toward
mathematics, which will be conducted with partner Department of Education School divisions.
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