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This study presents the development of a wireless, interactive, educational
(WISE) game that incorporates the use of smartphones for reviewing lessons
that might suit the standards of the Philippine government’s education
department. It is easier today to engage students using digital platforms for
education using interactive digital games. In this study, the users can play the
game by connecting the smartphones to the prototype through wireless local
area network. It consists of two types of cards: power cards which contribute
excitement to the game, and question cards which contain questions to be
answered by the players. The prototype is an integration of the following
components: Raspberry Pi 3B, RFID reader and cards, and speakers. A
graphical user interface where the players interact with the game was created
using scripting languages, such as PHP, and JavaScript. The project was
evaluated by different grade school students of Metro Manila, Philippines.

WLAN The results of users’ evaluation show that the prototype is accessible and
effective for use based on functionality and that the project can also serve as
a tool for lesson reviews. Future development of WISE game includes its
integration and compatibility to different operating systems with larger
databases and accessibility.
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1. INTRODUCTION

Educational games have changed through the advancement of technology. With the rapid pace of
technology, educational tools and methodologies are needed to be developed to reach new generations of students.
Students spend twice as much time on gadgets as they do in academics [1]-[3]. Students from this generation are
known to quickly adapt and accept technology, rather than sticking to the old traditional ways of learning, which
are hard to deal with for them [4], [5]. With that, it is easy for the students to utilize their time in learning lessons
by using the technologies they grow up with, especially smartphones. To engage and educate this generation,
adaptation of technology through games prepares them to a technology driven, interconnected and competitive
world of the 21st century. The challenges on this generation inflicted by rapidly changing technology are
significant, as the knowledge obtained by means of classical education are no longer seen as sufficient preparation
for their future [6]-[8]. By this reason, games requiring a system that incorporates technology have become evident
as a new tool for learning. These games are designed to inform humans about a definite subject to equip them with
skills [9]. These games upskill goals, rules, adaption, problem solving, and interaction, while it delivers basic needs
of learning by providing enjoyment, passionate involvement, structure, motivation, ego gratification, adrenaline,
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creativity, social interaction, and emotion [10]. To help maximize the learning capabilities and skills of these
students using technology that is evolving today, the proponents prompted to conduct this study.

Demands on redesigning the educational system for more effective preparation of students for a much
more technology driven, interconnected, and competitive “flat world” are being pointed-out by parents, educators,
politicians, and others across the globe. Sustaining the same old approach to students as the world continues to
advance will not serve them excellently since old-fashioned ways of teachings are outdated to the present
technologies [11], [12]. Students nowadays are growing up with gadgets such as mobile phones, tablets, laptops,
and computers, and these technologies have become an integral part of their daily interactions [13]-[16]. Children
between the ages of 8 and 18 spend more than 7 hours, on average, per day with digital media [17]-[19]. When the
use of more than one digital device at a time is considered, they spend more than 10 hours a day with digital
technologies [1]. More than 50% of tweens (ages 8 to 12) have their own tablet, and more than 60% of teens have
their own smartphones. Mobile devices account for 41% of all screen time for tweens and 46% for teens [18].
Thus, spending the time reading books is lessening as the technology rises.

One of the studies, Kahoot! [20]-[24], have warranted strong results from using technology in
studying and made learning more fun, engaging, interactive and social. It is reliable for the teachers to use as
an educational tool to create multiple choice quizzes, which can be answered on mobile devices, laptops, and
desktops. Further, research shows that serious games can be a powerful instructional tool and can give
motivation and interest to students in their subjects, which supplements their learning [25]-[27].

The primary purpose of the study is to create an electronic-tabletop game that composes tangible
power cards to twist the game and electronic question cards to be answered by the users and to test its
feasibility to grade school students. Its access is through their own smartphone’s web browsers, connected
through a wireless local area network (WLAN) of the game. This will be used as a purely educational and
interactive game for grade school students.

2. RESEARCH METHOD
2.1. Tests and evaluation

The prototype will be tested and evaluated by 130 different users from grade 5 to grade 8 students at
different schools in Metro Manila, Philippines. After each test, the users will rate each category from the
scale of 1 to 4, with 4 as the highest score equivalent to “Excellent”. This will determine the ratings of the
prototype in terms of aesthetics, functionality, feasibility, reliability, and security. The evaluation form used
is shown in Figure 1. The computed mean scale presented in Table 1 will be used to interpret the result of
evaluation for each category.

WISE Game: Wireless Interactive Software Educational Game
EVALUATION FORM

Name (Optional): Grade level:

Direction: Read the following guestions and check + the box that describes your
best answer
Please refer to the legendary below for your answer:

1-Poor 2-Good 3-Very Good 4 — Excellent

[12[3]4

FUNCTIONALITY
1. Understandable mechanics.
2. Conformance to the desired results.
3. Responsiveness of the game.
4. User frigndliness.
RELIABILITY
1. Accuracy of the system and hardware's T T T
2. Run with minimal errors. [T 1]
FEASIBILITY
1. Educational tool to the students.
2. Interactivity of the game to the players.
3. Design and mechanics are clear and well explained.
SECURITY
1. Easily stored and manage.
2. Degree of compactness.
3. System protection.
AESTHETICS
1. Structural design, audio, and visual appearance of the

project.
2. Hardware harnessing.

Figure 1. Evaluation form
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Table 1. Computed mean scale

Scale Equivalent
3.26-4.00 Outstanding
2.51-3.25 Good
1.76-2.50 Bad
1.00-1.75 Very Bad

2.2. Game mechanics

The goal of each player is to score the highest at the end of ten (10) rounds. But in order to, players
must earn game points, and sometimes, prevent other players from earning them. To earn game points,
players must answer every given question correctly. The game is played by 2-4 players. The game requires
each player a mobile phone, a pen, and piece/s of paper.

The game consists of 2 types of cards: Question cards and power cards. Question cards contain
questions with multiple choices that will be answered by the players to gain scores. A sample question card is
shown in Figure 2(a) (Note: Question cards are not actually playing cards. These “cards” are digital
information displayed on the smartphones of each player). Using Power cards create different effects on the
game, according to their specification and use. “Power cards” are RFID cards. To use these cards, the player
in turn will tap the RFID card to the reader. Sample power cards is shown in Figure 2(b).

At the start of the game, each player will draw a maximum number of 5 power cards from the deck.
There are 10 rounds in a game. Each round, the players will answer one question in different subjects based
on their grade level they chose. They can use the power cards after the first question. A round indicator will
prompt on the screen of each player at the beginning of each round, as shown in Figure 3.

Ms=
Which organism does
not produce an external
egg as part of its life
cycle?

-A. dog

«B. parrot
-C turtle
«D. insect

(@) (b)

Figure 2. (a) sample of question card, (b) sample power cards

Figure 3. Round indicator shown at the start of every round
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The player during his/her turn:
1. Should answer the question card given by the system. All players are given 1 minute and 45 seconds to
answer each question.
2. Every after the question, players are chosen randomly who will be the first one to use a power card. Players
are required to use one power card only. Touch moves are highly implemented when using power cards.
3. Draw one power card (RFID card from the deck).
4. He/she will receive another question from the system and use a power card until they reach the last round.
A message will prompt the player’s screen when it is time to use a power card, as shown in Figure 4.
Players can get a score after answering question cards from each round. Each round, the player who
first answered correctly will get the highest point of 3. The 2nd one will get a point of 2. For the third and fourth
will get a point of 1. If the player got the wrong answer or ran out of time automatically, he/she will get 0.
Each player has 6 Professionals, namely: Scientist, Mathematician, Interpreter, Historian, Artist, and
Athlete, in which corresponds to 6 categories/subjects where random questions came from. Each professional
can be leveled from 1-3. The level of each professional will be a multiplier of game points earned in every
correct answer to questions in their category. (e.g., a level 2 Mathematician will give x2 multiplier to game
points earned from questions in the mathematics subject; a level 3 scientist will give x3 to game points to
guestions in science subject). To level-up the professionals, players use “Level-up” from the power cards,
they can choose up to three specialists depending on what kind of “Level up” card they got and press the
button for the selected specialist. “Level up” power cards are shown in Figure 5. The player who has the
highest points at the end of 10 rounds wins the game. The program will prompt the overall ranking of each
player, as shown in Figure 6.

ms=

BATTLE ROUND BATTLE ROUND

(a) (b)

Figure 4. Messages received by players: (2) before, (b) during their turn to use power cards

el en s
P upP

You can Level-up two of
your Professionals! You are
allowed to choose two of
your Professionals to
increase in level.

(b)

Figure 5. “Level Up” power cards
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Figure 6. Final rankings shown on each player’s screens after the 10" round

2.3. Prototype design

The system is composed of RFID card reader, input buttons circuit module, scoring display module,
and speakers, which are all connected to the input and output ports of the Raspberry Pi. The Raspberry Pi
serves as the central processing unit of the game. It is used as the game server that connects the smartphones
to the game that is available through WLAN connection. The RFID card reader is connected to the Raspberry
Pi. It is used to read and execute “Power cards”. Raspberry Pi is also responsible for producing audio output
for sound effects and background music. These audio outputs are mp3 files stored in the external hard drive.
The project block diagram is shown in Figure 7.

To make the unit playable outdoors, Lithium-ion batteries are installed to provide electricity to the
whole system for a time duration even with the absence of an external power source. To regulate the charging
and discharging of these batteries, voltage/current regulator circuits are provided. The power supply system is
shown in Figure 8. The structural design of WISE is based on a maximum of 4 players, to accommodate the
hardware inside the electronics board the proponent set the width to 4 inches, assuming the size of the
microprocessor and the 1/0 peripherals. The width is 20 inches by 20 inches, to accommodate and to have a
right amount of place per player. Detailed presentation of the structural design is shown in Figure 9.

The software loaded in the Raspberry Pi microprocessor performs the sequence of the game. Right
after the user switches the power-on, the system begins to boot-up. Then, the system will automatically start
the web server Apache [28], MySQL [29], hostapd [30], and dnsmasq. And the game will start after all the
smartphones of the players are connected to the server and the start button in the graphical user interface is
pressed. Detailed presentation of the software design is shown in Figure 10.
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= COTINE, T toT
ﬂjy circuit module
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I cerc reacer -— Raspberry p1 3
Digital cireuwit medule | —————mre—— = .
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Figure 7. Project block diagram
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Figure 8. Power supply system used for the prototype
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Figure 9. Structural design
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Figure 10. Software design

3. RESULTS AND DISCUSSION

Respondents were asked to evaluate the performance of the WISE Game. The game was rated based
on its functionality and ease of use with regards to user interface, mechanics of the game, interactions of
devices, security, aesthetics, and others. The results of the performance evaluation are presented in Table 2.

Table 2. Project evaluation results

Questions Number of respondents (out of 130) Mean
Poor Good Very good Excellent

Functionality
Understandable mechanics 0 1 9 120 3.9154
Conformance to the desired results 0 2 12 116 3.8769
Responsiveness of the game 0 3 11 116 3.8692
User friendliness 0 3 10 117 3.8769
Reliability
Accuracy of the system and hardware 1 3 13 113 3.8308
Run with minimal errors 1 7 16 106 3.7462
Feasibility
Educational tool to the students 0 1 7 122 3.9308
Interactivity of the game to the players 1 4 5 120 3.8769
Design and mechanics are clear and well explained 0 3 3 124 3.9308
Security
Easily stored and manage 1 1 13 115 3.8615
Degree of hardware compactness 0 2 13 115 3.8692
System protection 0 4 8 118 3.8769
Aesthetics
Structural design, audio, and visual appearance of the project 0 1 10 119 3.9077
Degree of compactness 0 2 12 116 3.8769
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Under the feasibility category, the item of acceptability of the game to be useful as an educational
tool to the students has the highest mean of 3.9308 and is marked as “Outstanding” based on Table 1. This
means that the respondents found that WISE Game helped them recall or review the lessons they are
studying, and the proponents believe that the game can serve as an educational tool for reviewing their
lessons and an activity that can interact with others as well, as 122 out of 130 or 93.8% of the respondents
gave the highest score “Excellent” to the item.

The clarity of the game mechanics, the conformance to the desired results, the responsiveness, and
the user-friendliness of the game, all under the functionality category, have also received “Outstanding”
results. The proponents believed that in terms of the game mechanics, the simplicity and being explained well
will help the students to pick up immediately. The aesthetics is also acceptable to the respondents as
presented in the results. The degree of compactness was rated “outstanding” by the respondents, as well as
the structural design, audio, and visual appearance of the project.

Overall, the ratings for each item goes above 3.26 in terms of mean, which means the results for
each item were “Outstanding”, based on Table 1. Thus, the overall percentages proved that students from
grade 5 to grade 8 are favored in WISE Game. Since the feasibility has the highest percentage, thus, the
WISE game is agreed to be effective as an educational tool, being interactive of the game to the players, and
its design and mechanics are clear and well explained.

4. CONCLUSION

The wireless interactive software educational game can be used as an educational tool that serves as
a review material as well as an interactive game that utilizes critical thinking, strategies, and teamwork.
Series of tests in every transaction were conducted to test its functionality and reliability. The functionality
and reliability of the project is acceptable based on the perspective of 130 different users. Therefore, the
proponents considered this project to be convenient, functional, and reliable to use. Future developments can
be done in these areas: 1) development of a graphical user interface (GUI) for teachers to access databases for
updating questions of the game using JavaScript, PHP, and other programming tools to enable adding and
editing of questions encoded to database, 2) Addition of other courses into the database. Additional
categories and professional courses can be added with new game mechanics, and 3) Creating a purely digital
version of the game through mobile application for different mobile platforms.
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