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ABSTRACT

This study aimed to evaluate and validate the developed numeracy
mobile game to help improve the performance of junior high school
students on the operations of integers in a public national high school
in Antipolo City, the Philippines. The researcher used experimental
and descriptive research designs in the study. The sources of data in
this research were eighty (80) JHS students, twenty (20) from each
grade level, from Old Boso-Boso National High School. Other respond-
ents were the forty (40) teacher respondents consisting of twenty
(20) experts and twenty (20) math teachers from Schools Division of
Antipolo. The statistical tools used in this study were the frequency,
percentage, weighted mean, independent-samples t-test, and paired
t-test. It was revealed that there was no significant difference be-
tween the evaluations of the two groups of respondents on the devel-
oped numeracy mobile game in operations of integers in terms of
game mechanics, visual aesthetic design, narrative design, incentive
system, musical scores, and content and skills. It is recommended that
the user interface of the game needs some enhancements like the con-
trols for arrows up and down and improve the tutorial part before
starting the real game or at the start of every level.

Keywords: Academic performance, numeracy skills, mobile games

Background

Education is continuously evolving as it
also adapts to the changing world. Efforts are
made to ensure the attainment of the goal of ed-
ucation. However, there are different chal-
lenges in delivering quality education. As a re-
sponse, information and communication tech-
nologies (ICTs) are considered. It paves the
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way for the utilization of new tools and devices
as a medium of instruction, both for learners
and teachers. The mobile device is one exam-
ple. The number of mobile phones surpassed
the population of the planet in 2018. They have
become our tools in social life, work, and lei-
sure (Garcia et al, 2020). As the digital age
arises, learners and educators are engaged
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with their mobile devices as their source not
only of entertainment but for instructional pur-
poses, too. As mobile devices become more af-
fordable, sustainable, and accessible, they have
become a personal environment for people in
the 21st century. They provide excellent educa-
tional opportunities to students from all socio-
economic backgrounds (Jin & Sabio 2018). As
cited by Jinot (2019), mobile learning is ad-
vanced as learning content is delivered through
mobile devices, allowing for communication
and collaboration among learners and between
learners and teachers (Parajuli, 2016). Besides,
with learner-generated content, including so-
cial media, mobile game-based learning (gami-
fication), and augmented reality, learners may
connect, communicate, collaborate, and create
new enriching learning experiences through
situational instruction.

Plass et al. (2015) proposed in their study,
Foundation of Game-Based Learning, a simpli-
fied model of game-based learning and have
emphasized that one of the unique characteris-
tics of games is that game designers are solely
concerned with the quality of the learning ex-
perience and that, in part because of this con-
cern, digital games are able to engage learners
on an affective, behavioral, cognitive, and socio-
cultural level in ways that few other learning
environments can. The design elements used in
games for learning were described to elicit this
engagement. These include the game mechan-
ics, visually aesthetic design, narrative design,
incentive system, musical scores, and content
and skills. Game-Based Learning Theory ad-
dresses game design aspects as ways to achieve
learner engagement based on known cognitive,
affective, motivational, and sociocultural un-
derpinnings that might contribute to a more
systematic approach to conceptualizing and
building games.

As the challenges in education continue,
particularly in different disciplines like mathe-
matics, concerns should be addressed. Mathe-
matics, the discipline of structure, order, and
relationship, has evolved from the elemental
practices of counting, measuring, and describ-
ing the shapes of objects. It deals with logical
reasoning and numerical calculations, and its
evolution has included a growing degree of ide-
alization and conceptualization of its subject

matter. (Berggren et al, 2019). Teaching and
learning mathematics is a major concern in any
educational system. Various researchers make
large efforts to find out the causes of students'
poor performance in the subject. Despite every
one of these endeavors, the issues still endure.
(Guinocor et al., 2020).

The Philippines entered the Programme for
International Student Assessment (PISA) of the
Organization for Economic Co-operation and
Development (OECD) in 2018, as part of the
Quality Basic Education reform project and a
step toward globalizing the quality of Philip-
pine basic education. The results revealed that
the Philippines scored 353 in mathematics, sig-
nificantly lower than the OECD average (489
points) and classified as below Level 1 profi-
ciency. At Level 1, students can answer ques-
tions involving familiar contexts where all the
relevant information is present. (PISA National
Report of the Philippines, 2018).

In the researcher’s school, Old Boso-Boso
National High School, numeracy tests were
conducted through DD cards involving inte-
gers. The result showed that students have dif-
ficulty with integers and are labeled non-nu-
merates. In Grade 7, it's 22%, Grade 8 is 20%,
Grade 9is 17%, and Grade 10 has 16%. (School-
Based Management Report Card, 2019).

One of the competencies that need atten-
tion in mathematics is the fundamentals, like
operating on integers. Difficulties in solving
basic operations involving directed numbers or
integers have been widely documented world-
wide, especially in addition and subtraction
(Khalid & Embong, 2019).

It is revealed that learners’ understanding
of negative numbers and identifying difficulties
and concepts related to them is part of identify-
ing problems with negative numbers. Even
though teachers had discussed the counting op-
eration procedure of integers, there was con-
cept confusion among students. (Fuadiah et al,,
2016). In response to this issue, teachers
should provide motivation, intervention, and
enhancement to help the students cope with
their difficulties operating integers.

As ateacher, the researcher comes upon de-
veloping a numeric mobile game for the opera-
tions of integers. This is anchored in TPACK.
The technology integration framework
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identifies three types of knowledge instructors
need to combine for successful educational
technology integration—technological, peda-
gogical, and content knowledge (Rogers, 2019).
Technological tools (hardware, software, appli-
cations, associated information literacy prac-
tices, etc.) are best used to teach and guide stu-
dents toward a better, more vigorous under-
standing of the subject matter (Kurt, 2019).

It also upholds the K-12 curriculum fea-
tures stated in DepEd Order No. 21, series of
2019, known as Policy Guidelines on K to 12
Basic Education Program. As one of the provi-
sions, the K to 12 graduates must possess 21st-
century skills, including information, media,
and technology. It deals with different sub-
skills such as visual and information literacy,
media literacy, and basic, scientific, economic,
and technological literacy. These skills allow
learners to navigate the fluid and active
knowledge creation and acquisition environ-
ment. These skills are rooted in subjects such
as mathematics. The Math Curriculum Guide
also cites in its conceptual framework that ap-
propriate tools are necessary for teaching
mathematics. These include manipulative ob-
jects, measuring devices, calculators, comput-
ers, smartphones and tablet PCs, and the Inter-
net.

Thus, this study’s objective is to develop a
numeracy mobile game. It will help the learn-
ers and the teachers deal with the concepts of
the operations of integers.

Statement of the Problem
This study aimed to evaluate and validate

the developed numeracy mobile game for the

enhancement of the performance of junior high
school students on the operations of integers at
0ld Boso-Boso National High School during the

school year 2021 - 2022.

Specifically, it sought answers to the follow-
ing questions:

1. What was the evaluation of the Math experts
and the Math teacher respondents on the
developed numeracy mobile game on oper-
ations of integers in terms of the following
criteria?

a. Game Mechanics
b. Visual Aesthetic Design
c¢. Narrative Design

d. Incentive System
e. Musical Scores
f. Content and Skills

2. Was there a significant difference between
the evaluations of the two groups of re-
spondents on the developed numeracy mo-
bile game on operations of integers accord-
ing to the given criteria?

3. What was the performance of the JHS stu-
dents during the pretest and posttest on op-
erations of integers?

4. Was there a significant difference between
the pretest and posttest mean scores of the
JHS students?

5. What were the feedbacks of the JHS student
participants after playing of numeracy mo-
bile game on operations of integers?

6. What were the comments and suggestions
of the respondents to improve the numeracy
mobile game on operations of integers?

Significance of the Study

This study seeks to develop educational
material in the form of a Numeric Mobile Game
in the operations of integers to enhance the
performance of grade 7 to 10 students. This
study is significant since it provides insight into
the following:

Students. For they will benefit the most
from the study's findings, which will aid in their
knowledge of the operation of integers. As a re-
sult, it can help students understand the con-
cepts more completely and apply them in their
daily lives.

Teachers. This study may serve as their
guide in the teaching operation of integers. The
result of the study could certainly make their
task easier in preparing enhancement materi-
als for their students. They would realize that
they can make materials that will help their stu-
dents, especially those who have trouble with
integers, understand their lessons better.

School Administration. The study's find-
ings may help to improve administrative skills
and make them more effective. It may guide
others to increase their performance, espe-
cially those students with low performance in
Mathematics, for the school and its stakehold-
ers. It will serve as baseline data to improve
programs for school advancement.

IJMABER

2399

Volume 3 | Number 11 | November | 2022



LMR Lopez, 2022 / Enhancement of the Performance of Junior High School Students using Numeracy Mobile Game

Future Researchers. The results of this
study can be used as a basis for more research
on how to teach and learn math and how well
students do in math, especially with operations
on integers.

Scope and Delimitations of the Study

This study focused on the evaluation and
validation of the developed numeracy mobile
game for the enhancement of the performance
of junior high school students on operations of
integers at Old Boso-Boso National High School
during the school year 2021 - 2022.

The respondents of the study were the 20
Mathematics teachers and 20 mathematics ex-
perts from selected secondary schools in the
Division of Antipolo with master teacher posi-
tions and department head/chair who are
knowledgeable and experts in terms of instruc-
tional leadership.

Related Literature

In a published journal by the International
Electronic Journal of Mathematics Education
(2018), as per Etcuban (2013), teachers lead all
educational institutions. They instruct and cul-
tivate the brains of students. Gioia and Proser-
pio (2007) emphasized that teachers are ac-
countable for recognizing the needs, interests,
and talents of their pupils to prepare efficiently
and intelligently for these demands.

As Dio explained as cited by Satiada (2020),
seconded, an appropriate selection of instruc-
tional media with due consideration of stu-
dents’ schema could help facilitate effective
teaching based on the learning objectives.

According to Adeoye and Arome (2020), the
influence of digital technology in society has
made it critical for all students in the 21st cen-
tury to become literate using digital tools. The
application of instructional technology will
positively impact the given environment to sat-
isfy the learners' needs.

Herold (2016) stated that technology is
everywhere in education. But a significant body
of research has also made clear that most
teachers have been slow to transform their
teaching methods, despite the influx of new
technology into their classrooms. As teachers,
itis a call to adjust to the new technology in the
classrooms.

As posted in the Philippine Journal of Sci-
ence (2018), de las Pefias et al. (2019) stated
technology has turned out to be important - if
not necessary - part of the mathematics class-
room, not only because it improves learning
but also because the ability to use technological
tools is an essential skill in today's world. The
Philippine K to 12 mathematics curriculum
framework acknowledges that "appropriate
tools are needed in teaching mathematics."
These include manipulative objects, measuring
devices, calculators, computers, smartphones
and tablet PCs (personal computers), and the
internet (DepEd 2012).

For Schwabe (2020), mobile technologies
offer the opportunity to embed learning in a
natural environment. Currently, there are in-
creasing efforts to apply mobile technology to
learning.

According to Rondina and Roble (2019),
teaching mathematics is a practice where the
teachers support the learner in developing
thinking. Instructional games may assist in the
process because they encourage discussion
among the players. Also, each member can re-
quest the required mathematics concepts
needed for the game. The students were moti-
vated to join in the game and were able to apply
the mathematics concepts required to play.

Khateeb (2019), averred that mobile gam-
ing allows students to look at things in new
ways. Games can accomplish this without rely-
ing on details or extensive explanations to get
the learner's mental distribution started.
Learning through mobile gaming is greater
than learning from books. It is more effective in
conveying the information because it fills the
gap between the student and the academic sub-
ject. In addition, the learners' enthusiasm for
playing games on their mobile phones is evi-
dent. They diligently utilize their available time
playing and due to this fact, employing a pool of
mobile games that include mathematical con-
cepts may lead to providing these concepts to
students. In addition, it is stated that it is essen-
tial to build a visually appealing and technolog-
ically advanced mobile method that encour-
ages teaching mathematical concepts to stu-
dents.
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Related Studies.

A study was done by Cepe (2017) on the De-
velopment and Validation of Strategic Inter-
vention Materials on Integers for Grade 7 Math-
ematics which focused on integers. This study
utilized both experimental and descriptive
methods of research. The result revealed that
the student respondents’ academic perfor-
mances were improved, and the teacher re-
spondents evaluated the developed SIM as very
evident in terms of the indicators for guide
card, activity card, assessment card, enrich-
ment card and reference card.

The reviewed research is related to the pre-
sent study because of the content about inte-
gers. Also, the current study is noteworthy be-
cause it utilized both experimental and descrip-
tive methods. However, it differs from the pre-
vious research because it deals only with grade
7 students, while the latter deals with grade 7
to 10 students.

Tumaque (2018) conducted a study on "Uti-
lization and Evaluation of Electronic Daily Drill
Card for Non-Numerate Grade 8 Students". This
study looked at whether the use of the elec-
tronic daily drill card by grade 8 students at San
Jose National High School, who were non-nu-
merates, helped them learn more about inte-
gers. The descriptive-evaluative method was
utilized by the researcher in the evaluation of
multimedia instructional materials. On the
other hand, experimental method was used for
pretest and posttest of controlled and experi-
mental group. The controlled group used the
traditional way of daily drill through pen and
paper while the experimental group used the
developed Electronic Daily Drill Card for Non-
Numerate. The result revealed that there was a
significant difference between the posttest of
the controlled and experimental group. Thus,
the developed Electronic Daily Drill Card for
Non-Numerate is more effective in learning
more about integers.

The study of Tumaque is somewhat similar
in dealing with the non-numerates in terms of
the operations on integers. Furthermore, both
studies utilized the descriptive method of re-
search. They differ, however, in the materials
used. The reviewed study utilized the Elec-
tronic Daily Drill Card while the present study
used the Numeracy Mobile Game. In addition,

they also differ in the locale; one was in San Jose
National High School, and the other was in Old
Boso-Boso National High School.

The study of Bungay (2020) aimed to deter-
mine the effectiveness of ICT-based instruc-
tional materials for grade 10 at San Roque Na-
tional High School. Mathematics teachers and
experts evaluated the developed ICT-based in-
structional material according to the following
criteria: content, organization and presenta-
tion, language and style, modifiability, and
user-friendliness. The study used the experi-
mental research method utilizing two-group
pretest-posttest design to determine the effec-
tiveness of the developed ICT-based Instruc-
tional Material in teaching Mathematics 10. The
statistical tools used to treat the data were the
weighted mean, independent t test and paired t
test. The result presented that there was a sig-
nificant difference in the pretest and posttest
mean score of the participants from control and
experimental group. It was concluded that the
used of ICT-based instructional material im-
proved the level of performance of Grade 10
learners in Mathematics.

Taroy’s (2017) study attempted to deter-
mine the effectiveness of utilizing GeoGebra
Graphing Calculator Mobile Application in se-
lected topics of Grade 8 Mathematics as a teach-
ing strategy. The bases of data of this study
were 50 Grade 8 students handled by the re-
searcher during second quarter of school year
2016 - 2017 at Mambugan National High
School. It utilized the experimental method of
research. The instruments used in this study
were pretest, posttest, survey questionnaires
and the GeoGebra Graphing Calculator Mobile
Application for Activity-Based Learning Mathe-
matics in teaching Mathematics 8. The follow-
ing statistical treatments were utilized: Fre-
quency, Ranking, Weighted Mean, Pearson
Product-Moment  Correlation  Coefficient,
Paired t Test and Independent t Test. The find-
ings revealed that GeoGebra Graphing Calcula-
tor Mobile Application was effective as evi-
denced from the results of the posttest of the
two groups and also from the results of the pre-
test and posttest of the experimental group. In
addition, the perception of the respondents
about GeoGebra Graphing Calculator Mobile
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Application are functional, easy to use, availa-
ble, accessible, and relevant for Activity-Based
Learning Materials.

Conceptual Model of the Study

The researcher used the system approach,
which consists of three elements: the input, the
process, and the output.

Figure 1 shows the conceptual model for
the validation of the developed Numeracy Mo-
bile Game in the operation of integers.

The input frame includes the Foundations
of Game-Based Learning, the TPACK Frame-
work, the developed Numeracy Mobile Game,
survey questionnaires for evaluation; math
teachers and expert respondents for evalua-
tion; Grade 7-10 students; and the pretest and
posttest.

INPUT PROCESS QuUTPUT
Found ations of » Ewaluation of Math
expents and Math teacher
GELZ':F-HE;?ZEU respondents on the
N developed NUMEracy
# Validation of the mobils game n
TPACK Survey operations of integers
Framework Questionnaires
= Significant difference
« Administration and betwesn the evaluations
Retri | fth of the two groups of
Elneva o & respondents on the
# Developed Survey developed MUMEracy
Mumeracy Mobile Questionnaires mobile game in
Game operations of integers
* Administration ofthe « Performance of the JHS
* Survey game and, Pretest students during the pre-
Questionnaires for e and Posttest p =5t and posttest in
Evaluaticn operstions of integers
- dents ¢ Result of Pretest « Significant differsnce
Esponcen and Post Test between the pretest and
o 20 Math positest means scores
Teachers » Statistical treatment
o 20 Math Experts ofdata + Fesdback of the JHS
o 20 Students student participants after
playing of numeracy
* Analysis and mobis game
* Prefest and interpretation of the
Posttest data » Comments and
suggestions of  the

respondents to improve
the numerscy mobis
game

L‘ Feedback

I

Figure 1. Conceptual Model for the Validation of the Developed Numeracy
Mobile Game in Operations of Integers

The process includes content validation of
the survey questionnaires, administration, and
retrieval of the survey questionnaires, result of
the pretest and posttest statistical treatment of
the data analysis, and interpretation of the
data.

The output shows the evaluation of math
experts and math teacher respondents on the
developed numeracy mobile game in opera-
tions of integers; a significant difference be-

tween the evaluations of the two groups of re-
spondents on the developed numeracy mobile
game in operations of integers; performance of
the JHS students during the pretest and post-
test in operations of integers; significant differ-
ence between the pretest and posttest mean
scores; feedbacks of the JHS student partici-
pants after playing the numeracy mobile game;
and comments and suggestions of the respond-
ents to improve the numeracy mobile game.
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Research Hypotheses
The hypotheses tested in this study were:

1. There is no significant difference between
the evaluations of the two groups of re-
spondents on the developed numeracy mo-
bile game in operations of integers.

2. There is no significant difference between
the pretest and posttest mean scores of the
JHS students.

Research Design
Methods

This study utilized the descriptive method
of research. In addition, the study also used the
experimental method of research. Based on
Bairagi et al. (2019), it is performing any type
of experiment that tends to infer or come up
with something innovative. One of the designs
of the experimental method is the pretest and
posttest only, without the control group, where
the experimentation group is selected and was
only taken for action. Then the outcome of the
treatment is measured based on the difference
on the performance before and after the action
has been taken. This was used in this study to

compare how well junior high school students
did on a test before and after they learned how
to work with integers.

Sources of Data

The research sources of the data were
twenty (20) math experts and twenty (20) jun-
ior high school mathematics teachers. The re-
spondents were selected based on purposive
sampling. In a study conducted by Crossman
(2020), a purposive sample was a non-proba-
bility sample that was chosen based on the
characteristics of a population and the objec-
tive of the study. It was also known as judgmen-
tal, selective, or subjective sampling. Research-
ers use purposive sampling when they want to
interview a particular subset of people, as all
study participants are selected because they fit
a specific profile (Foley, 2018). The respond-
ents were mathematics experts, mathematics
department heads and master teachers, math
teachers who were knowledgeable in evaluat-
ing instructional materials and developing cur-
riculum, and grammar experts.

Table 1. Presents the distribution of the teacher respondents in the study.

Respondents Frequency Percentage
Math Teachers 20 50%

Math Experts 20 50%

Total 40 100.00

Table 1 shows that there were twenty (20)
Mathematics experts and twenty (20) Mathe-
matics teachers from selected secondary
schools in the Division of Antipolo City, with a
total of forty (40) respondents to the study.
They evaluated the developed Numeracy Mo-
bile Game through a survey questionnaire.

Table 2. Distribution of the student participants

There were 20 students selected in each
grade level at Old Boso-Boso National High
School based on their scores in the pretest
given. Table 2 shows the distribution of student
participants from Grade 7 to 10.

Participants Frequency Percentage
Grade 7 20 25%
Grade 8 20 25%
Grade 9 20 25%
Grade 10 20 25%
Total 80 100%
IJMABER 2403 Volume 3 | Number 11 | November | 2022
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Table 2 presents the distribution of the stu-
dents’ participants which composed of 25% or
20 students per grade level with a total of
eighty (80) students.

Data Gathering Instruments

In this study, the main tools used to collect
data were the pre-test, the posttest, survey
questionnaire, and the developed Numeracy
Mobile Game in the operation of integers. The
questionnaire was for the evaluation of the de-
veloped Numeracy Mobile Game in the opera-
tion of integers as to the following criteria:
game mechanics, visual aesthetic design, narra-
tive design, incentive system, musical scores,
content, and skills.

The instrument underwent validation
among experts that included a Master Teacher,
a research coordinator, a psychologist, and an
Information Technology expert. After confir-
mation, the materials were presented to the re-
searcher’s adviser, master teachers, and math-
ematics teachers from other schools for recom-
mendations and suggestions

Data Gathering Procedure

Permission to conduct the study was first
secured by the researcher from the Schools Di-
vision Superintendent of Antipolo to allow her
to administer the questionnaires to the teach-
ers and experts.

Table 3. Scale, range and verbal interpretation

Following the development of the Numer-
acy Mobile Game in the operation of integers,
the evaluation by the two groups of respond-
ents—experts and teachers was done. The
questionnaires for the evaluation were filled
out by the respondents and were retrieved by
the researcher via Google Forms.

The researcher used pretest, posttest, and
the developed numeracy mobile game. Stu-
dents were given a 40-item test before and af-
ter playing the game. The posttest is the same
as the given 40-item pretest.

The researcher administered the instru-
ment via Google Forms to the respondents.
Then, after taking the test, the results were au-
tomatically retrieved and tallied through
Google Forms for statistical treatment of the
gathered data.

Statistical Treatment of Data

The statistical tools that were used to treat
the data in this study are as follows:

Weighted Mean. This was used to deter-
mine the respondents’ evaluations of the devel-
oped numeracy mobile game in operations of
integers in terms of game mechanics, visual
aesthetic design, narrative design, incentive
system, musical scores, and content and skills.
Table 3 shows the descriptive value of a 4-point
scale to interpret the weighted mean scores of
the respondents.

Scale Range Verbal interpretation
4 3.50-4.00 Strongly Agree (SA)

3 2.50-3.49 Agree (A)

2 1.50-2.49 Disagree (D)

1 1.00-1.49 Strongly Disagree (SD)

Frequency, Percentage and Mean. This
was applied to get the level of students’ perfor-
mance in pretest and posttest.

Table 4 presents the score points and de-
scriptors of the students’ performances in pre-
test and posttest.

Table 4. Scope and descriptors for the performance of the student participants

Scores Descriptors
36-40 Highly Proficient
30-35 Proficient

20-29 Nearly Proficient
10-19 Low Proficient
0-9 Not Proficient
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Independent-Samples t Test. This was
used to determine if there is a significant differ-
ence between the evaluations of the two groups
of respondents on the developed numeracy
mobile game in operations of integers.

Paired t test. This was used to examine if
there is a significant difference between the
mean scores of the pretest and the posttest of
Junior High School Students in operations of in-
tegers.

Results and Discussion
Evaluation of Math Experts and Math
Teacher Respondents onthe Developed Nu-
meracy Mobile Game in Operations of Inte-
gers

Tables 5 to 10 show the evaluation of the
math teachers and expert teacher respondents
on the developed numeracy mobile game in op-
erations of integers as regards to game me-
chanics, visual aesthetic, narrative design,

incentive system, musical scores, content, and
skills.

Game Mechanics. Table 5 presents the two
groups of respondents’ evaluations of the de-
veloped Numeracy Mobile Game in Operations
of Integers about game mechanics.

It can be observed in Table 5 that both the
math teachers and expert respondents
Strongly Agree (SA) on the game mechanics of
the developed Numeracy Mobile Game in Oper-
ations of Integers, as shown by the overall
weighted mean of both 3.82, and standard de-
viation of 0.24 and 0.33, respectively.

It means that the game mechanics of the
Numeracy Mobile Game in Operations of Inte-
gers are clear and easy to understand, support
the objective of the game, and provide signifi-
cant learning. It also engages the players in the
game and provides immediate feedback. It also
gives the player the ability to collaborate and
interact with other players.

Table 5. Respondents’ Evaluations on the developed numeracy mobile game in operations of inte-

gers as regards game mechanics

Respondents

No Indicator Teachers Experts
WM VI WM VI
1  Itisclear and easy to understand 3.75 SA 3.85 SA
2 It support the goal of the game 3.85 SA 3.85 SA
3 It gives significant learning in the game 3.90 SA 3.80 SA
4 It engages the players in the game 3.80 SA 3.90 SA
5 It provides immediate feedback to players 3.70 SA 3.80 SA
6 It give excitement to the game 3.80 SA 3.85 SA
7 It motivates the players to continue playing 3.80 SA 3.85 SA
8  Players are given opportunities to interact to others 3.95 SA 3.70 SA
9 Itallow the player to collaborate with other players 3.80 SA 3.80 SA
Overall Weighted Mean 3.82 SA 3.82 SA

Standard Deviation 0.24 0.33

Legend: WM-Weighted Mean

According to Plass et al. (2015), game me-
chanics define the basic game play. Because of
this, game mechanics determine the overall di-
rection of the game as well as the manner in
which learning will happen.

Visual Aesthetic Design. Table 6 reveals
the evaluation of math teachers and experts on
the developed Numeracy Mobile Game in
Operations of Integers regarding visual aes-
thetic design.

VI-Verbal Interpretation

SA-Strongly Agree

It can be seen in Table 6 that the math
teachers and expert respondents Strongly
Agree (SA) on the visual aesthetic design of the
developed Numeracy Mobile Game, as indi-
cated by the overall weighted mean ratings of
3.76 and 3.82, and standard deviation of 0.32
and 0.29, respectively.
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Table 6. Respondents’ Evaluations on the developed numeracy mobile game in operations of inte-

gers as regards visual aesthetic design

Respondents
No Indicator Teachers Experts
WM VI WM VI
1  The characters show the personalities needed in ~ 3.75 SA 3.80 SA
the game.
2 Images of the characters are well-designed. 3.75 SA 3.85 SA
3 Players can connect to the characters. 3.90 SA 3.85 SA
4  Characters are simple. 3.75 SA 3.75 SA
5  The setting of the game captivates the attention 3.75 SA 3.75 SA
of the player.
6  The setting of each stage shows the difficulty of 3.65 SA 3.90 SA
the level
7  Colors, props, and other tools included are appro- 3.70 SA 3.75 SA
priated in the game
8  The theme of the game gives the player an excit- 3.80 SA 3.85 SA
ing ambiance
9  The theme of the game allows the players to be 3.75 SA 3.85 SA
reminded of the different cultural backgrounds
Overall Weighted Mean 3.76 SA 3.82 SA
Standard Deviation 0.32 0.29

It means that the visual aesthetic design of
the Numeracy Mobile Game on Operations of
Integers possesses the needed elements like
the characters, images, settings, props, themes,
and background. It helps the player to enhance
their learning and playing experience.

[t is supported by the study of Godfrey, et al.
(2018) that visual aesthetic design can be used

to stimulate the interest of students in learning
numeracy skills.

Narrative Design. Table 7 displays the
evaluation of math teachers and experts on the
developed Numeracy Mobile Game in Opera-
tions of Integers as regards narrative design.

Table 7. Respondents’ evaluations on the developed numeracy mobile game in operations of inte-

gers as regard narrative design

Respondents

No Indicator Teachers Experts
WM VI WM VI
1  The storyline is well presented. 3.80 SA 3.85 SA
2 Dialogues are constructed properly. 3.80 SA 3.85 SA
3 It connects other game elements to each other. 3.75 SA 3.90 SA
4 It provides a motivational function that makes the 3.80 SA 3.85 SA

Player continue or return the game.
5  The story gives a historical vibe. 3.79 SA 3.95 SA
Overall Weighted Mean 3.79 SA 3.88 SA
Standard Deviation 0.37 0.23
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Table 7 reveals that both respondents
Strongly Agree (SA) on the narrative design as
shown in the overall weighted mean ratings of
3.79 and 3.88, and standard deviation of 0.37
and 0.23, respectively.

The findings above show that the Nu-
meracy Mobile Game in Operations of Integers
provides an acceptable narrative design that
includes a well-presented storyline and dia-
logue, and how it connects and provides moti-
vational function to the players.

Incentive System. Table 8 presents the
evaluation of math teachers and experts on the
developed Numeracy Mobile Game in Opera-
tions of Integers as regards incentive system.

[tis shown in Table 8 that the math teachers
and experts Strongly Agree (SA) on the incen-
tive system of the developed Numeracy Mobile
Game in Operations of Integers as shown in the
overall weighted mean ratings of 3.80 and 3.79,
and standard deviation of 0.33 and 0.32, re-
spectively.

Table 8. Respondent’ Evaluations on the developed numeracy Mobile game in operations of integers

as regards incentive system

Respondents

No Indicator Teachers Experts
WM VI WM VI
1  Scores are presented properly. 3.75 SA 3.85 SA
2 Players are encouraged to continue. 3.80 SA 3.70 SA
3 Point system serves as feedback in attaining the goal 3.90 SA 3.85 SA
4  Reward and special abilities are present 3.75 SA 3.75 SA
Overall Weighted Mean 3.80 SA 3.79 SA

Standard Deviation 0.33 0.32

This means that the incentive system of the
developed Numeracy Mobile Game in Opera-
tions of Integers includes the scores and feed-
back, as well as the rewards and special abili-
ties that are present in the game.

This was supported by Homer et al. (2015)
as stated by Zittah et al. (2018), that the incen-

tive system of a game seeks to promote play-
ers to continue their efforts and feedback to
learn.

Musical Scores. Table 9 presents the eval-
uation of math teachers and experts on the de-
veloped Numeracy Mobile Game in Opera-
tions of Integers as regards Musical Scores.

Table 9. Respondent’ Evaluations on the developed numeracy Mobile game in operations of integers

as regards musical scores

Respondents
No Indicator Teachers Experts
WM VI WM VI
1  Background sounds are present 390 SA 390 SA
2 Music and sounds are appropriate to the events that are happening 3.80 SA 3.85 SA
3  Itadds to the excitement to the game 385 SA 3.80 SA
4 It stirs up the emotions of the players 375 SA 3.75 SA
Overall Weighted Mean 383 SA 3.83 SA
Standard Deviation 0.34 0.33

[tis revealed in Table 9 that the math teach-
ers and experts Strongly Agree (SA) on the
musical scores of the developed Numeracy

Mobile Game in Operations of Integers, as
shown in the overall weighted mean rating of
3.83 and standard deviation of 0.34 and 0.33.
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It can be inferred that on the musical score
on the developed Numeracy Mobile Game of-
fers the background sounds and music that aid
in stirring the emotions and excitement of the
players.

Content and Skills. Table 10 depicts the
evaluation of math teachers and experts on the
developed Numeracy Mobile Game in Opera-
tions of Integers as regards content and skills.

[t can be observed in Table 10 that both the
math teachers and experts responded Strongly
Agree (SA) on the content and skills of the

developed Numeracy Mobile Game in Opera-
tions of Integers as shown by the overall
weighted mean of 3.87 and 3.78, and standard
deviation of 0.29 and 0.33, respectively.

This means that the contents and skills in
the Numeracy Mobile Game in Operations of In-
tegers are given and included in the game. Con-
tents and skills are aligned in the objectives, en-
hances the players performance in operations
of integers and allows the players to think crit-
ically and collaborate to others.

Table 10. Respondent’ Evaluations on the developed numeracy mobile game in operations of inte-

gers as regards content and skills

Respondents
No Indicator Teachers Experts
WM VI WM VI
1  The objective are suited to the content of the game 3.90 SA 3.90 SA
2 The game can enhance players’ skills in performing op- 3.90 SA 3.80 SA
erations on integers
3 The contents are well illustrated 3.85 SA 3.85 SA
4  The content used is challenging 3.85 SA 3.75 SA
5  The procedures aid in understanding the lesson 3.80 SA 3.75 SA
6  The game guides students to formulated the concept 3.95 SA 3.65 SA
7  The game guides students to think critically 3.90 SA 3.75 SA
8  The player’s previous learning can be used in the game 3.90 SA 3.75 SA
9  Players can share their learnings 3.85 SA 3.70 SA
10 The content of the game gives opportunities to the play- 3.85 SA 3.85 SA
ers to collaborated with other players
11 The skills that the player learn can be used to latter 3.85 SA 3.80 SA
learning activities
12 The content can cause the players to show emotions 3.80 SA 3.80 SA
Overall Weighted Mean 3.87 SA 3.78 SA
Standard Deviation 0.29 0.33

This supports the study of Navalta (2020)
that contents and skills must be comprehensi-
ble, topics should be aligned with the Depart-
ment of Education standard, content must be
presented logically and orderly sequence, con-
tent should motivate the students to synthesize
the concepts, and exercises should be thought
provoking leading to measure the mastery of
students.

Summary. Table 11 presents the summary
of the evaluation of the two groups of respond-
ents on the developed Numeracy Mobile Game
in Operations of Integers regarding its game
mechanics, visual aesthetic design, narrative
design, incentive system, musical scores, con-
tent, and skills.
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Table 11. Summary of respondents’ evaluations on the developed numeracy mobile game in opera-

tions of integers

Respondents
Criteria Teachers Experts

OWM VI OWM VI

a  Game mechanic 3.82 SA 3.82 SA
b Visual aesthetic design 3.76 SA 3.82 SA
C Narrative design 3.79 SA 3.88 SA
d Incentive system 3.80 SA 3.79 SA
e  Musical scores 3.83 SA 3.83 SA
f Content and skills 3.87 SA 3.78 SA
Overall Weighted Mean 3.81 SA 3.82 SA

Note: OWM- Overall Weight Mean

As reflected in Table 11, the two groups of
respondents had particularly similar evalua-
tions of the developed Numeracy Mobile Game
in Operations of Integers regarding its game
mechanics, visual aesthetic design, narrative
design, incentive system, musical scores, con-
tent, and skills, as revealed by the grand
weighted mean ratings of 3.81 and 3.82, re-
spectively. This shows that the respondents
strongly agree with all its criteria and indica-
tors.

Test of Significant Difference between the
Evaluations of the Two Groups of

Respondents on the Developed Numeracy
Mobile Game in Operations of Integers

The statistical data results of the difference
between the evaluations of the math experts
and teacher respondents on the developed Nu-
meracy Mobile Game in Operations of Integers
are shown in Tables 12 to 17 and the summary
in Table 18.

Table 12 reveals the test of significant dif-
ference in the evaluation of the two groups of
respondents on the developed Numeracy Mo-
bile Game in Operations of Integers as to game
mechanics.

Table 12. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to game mechanics

Respondents n OWM S Computed t Critical t Decision Interpretation
value value
Teachers 20 3.82 0.24 0.06 2.02 Fail to reject  Not significant
Experts 20 3.82 0.33 the Ho
Note: n - sample size Level of Significance, a=5% Ho.Null Hypothesis

s - standard deviation Degrees of freedom, df = 38

At the 5% significance level with 38 degrees
of freedom, the critical t value is 2.02, and the
computed t value is 0.06 as displayed in Table
12. As the computed t value is lower than the
critical t value, the statistical decision is to fail
to reject the null hypothesis. Hence, there is no
significant difference between the evaluations
of the two groups of respondents on the devel-
oped Numeracy Mobile Game in Operations of

Integers in terms of game mechanics. It implies
that they both strongly agreed that it has well-
structured game mechanics.

Table 13 shows the test of significant differ-
ence in the evaluation of the two groups of re-
spondents on the developed Numeracy Mobile
Game in Operations of Integers as to visual aes-
thetic design.
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Tabel 13. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to visual aesthetic design

Respond- n OWM s Computed tvalue Criticalt  Decision Interpreta-
ents value tion
Teachers 20 3.76 0.32 0.63 2.02 Fail to re- Not signifi-
Experts 20 382 033 jectthe Ho cant

Table 13 depicted that the computed t value
of 0.63 is less than the critical t value of 2.02. At
a 5% significance level, this means that the null
hypothesis cannot be rejected. This indicates
that there is no significant difference between
the evaluations of the two groups of respond-
ents on the developed Numeracy Mobile Game
in Operations of Integers in terms of visual aes-
thetic design. It means that they both strongly

agreed that the visual aesthetic design ele-
ments, such as characters, images, settings,
props, themes, and backgrounds, are presented
well.

Table 14 shows the test of significant differ-
ence in the evaluation of the two groups of re-
spondents on the developed Numeracy Mobile
Game in Operations of Integers as to narrative
design.

Table 14. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to narrative design

Respondents n OWM s Computedt  Critical t Decision Interpretation
value value

Teachers 20 3.79 037 093 2.02 Fail to reject Not significant

Experts 20 3.88 0.23 the Ho

As shown in Table 14, the computed t value
of 0.93 is below the critical t value of 2.02. At
5% significance level, the statistical decision is
to fail to reject the null hypothesis. As a result,
there is no significant difference between the
evaluations of the two groups of respondents
on the developed Numeracy Mobile Game in
Operations of Integers in terms of narrative
design. It indicates that they both concur that

the narrative design, which includes storyline
and dialogue, is constructed properly.

Table 15 presents the test of significant
difference in the evaluation of the two groups
of respondents on the developed Numeracy
Mobile Game in Operations of Integers as to
incentive system.

Table 15. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to incentive system

Respondents n OWM S Computed Critical Decision Interpretation
t value t value

Teachers 20 3.80 0.33 0.12 2.02 Fail toreject  Not significant

Experts 20 3.79 0.32 the Ho

It can be seen in Table 15 that the computed
tvalue of 0.12 is smaller than the critical t value
of 2.02. Therefore, the statistical decision is not
to reject the null hypothesis at the 5% level of
significance. This suggests that there is no sig-
nificant difference between the evaluations of

the two groups of respondents on the devel-
oped Numeracy Mobile Game in Operations of
Integers in terms of incentive system. Hence,
they both strongly agreed that the incentive
system provides feedback and motivation to
players.
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Table 16 shows the test of significant differ-
ence in the evaluation of the two groups of re-
spondents on the developed Numeracy Mobile

Game in Operations of Integers as to musical
scores.

Table 16. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to musical scores

Respondents n OwWM S Computed Criticalt Decision Interpretation
t value value

Teachers 20 3.83 0.34 0.00 2.02 Fail to re- Not significant

Experts 20 3.83 0.33 ject the Ho

As shown in Table 16, the computed t value
of 0.00 is less than the critical t value of 2.02. At
the 5% significance level, this leads that the null
hypothesis cannot be rejected. Hence, there is
no significant difference between the evalua-
tions of the two groups of respondents on the
developed Numeracy Mobile Game in Opera-
tions of Integers in terms of musical scores. It

implies that they have the same view that the
musical score plays an important role in the
game.

Table 17 depicts the test of significant dif-
ference in the evaluation of the two groups of
respondents on the developed Numeracy Mo-
bile Game in Operations of Integers as to con-
tent and skills.

Table 17. Test of significant different in the evaluation of the two groups of respondents on the de-
veloped numeracy mobile game in operations of integers as to content and skills

Respond- n OWM s Computedt Criticalt Decision Interpreta-
ents value value tion
Teachers 20 3.87 0.29 0.89 2.02 Fail to re- Not signifi-
Experts 20 3.78 0.33 jectthe Hp  cant

Table 17 exhibited that the computed t
value of 0.89 is lower than the critical t value of
2.02. Thus, the statistical decision is not to re-
ject the null hypothesis. At a 5% level of signif-
icance, this indicates that there is no significant
difference between the evaluations of the two
groups of respondents on the developed Nu-
meracy Mobile Game in Operations of Integers
in terms of content and skills. Therefore, the re-
spondents strongly agreed that the game en-
capsulates the needed content and skills in op-
erations of integers.

Table 18 illustrates the summary of the test
of significant difference in the evaluation of the

two groups of respondents on the developed
Numeracy Mobile Game in Operations of Inte-
gers.

As gleaned in Table 18, the evaluations of
teachers and the expert respondents on the de-
veloped Numeracy Mobile Game in Operations
of Integers regarding game mechanics, visual
aesthetic design, narrative design, incentive
system, musical scores, and content and skills
do not indicate significant differences as pre-
sented in the respective computed t values,
which are below the critical t value. This con-
cludes that the respondents’ evaluations are
similar.

Table 18. Summary of the test of significant difference in the evaluation of the two groups of
respondents on the developed numeracy mobile game in operations of integers

Teachers MT’s teompured  Decision Interpretation
OWM s OWM s value
a Game mechan- 3.82 0.24 3.82 0.33 0.06 Fail to Re- Not Signifi-
ics ject the Ho cant
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Teachers MT’s tcomputed  Decision Interpretation
OWM s OWM s value

B Visual aesthetic 3.76 0.32 382 0.29 0.63 Fail to Re- Not Signifi-
design ject the Ho cant

¢ Narrativede-  3.79 0.37 3.88 0.23 0.93 Fail to Re- Not Signifi-
sign ject the Ho cant

d Incentivesys-  3.80 0.33 3.79 0.32 0.12 Fail to Re- Not Signifi-
tem ject the Ho cant

e Musical scores 3.83 0.34 3.83 0.33 0.00 Fail to Re- Not Signifi-
ject the Ho cant

f Content and 3.87 0.29 3.78 0.33 0.89 Fail to Re- Not Signifi-
skills ject the Ho cant

Note: o = 5% df =38 Critical t value = 2.02

It implies that the two groups of respond-
ents strongly agreed that the Numeracy Mobile
Game in Operations of Integers has very ac-
ceptable criteria and indicators that are needed
for a numeracy mobile game that will enhance
the performance of junior high school students
in operations of integers.

Performance of the Junior High School Stu-
dents during the Pretest and Posttest in Op-
erations of Integers

Tables 19 to 22 exhibit the level of perfor-
mance of the junior high school students based
on the pretest and posttest in Operations of In-
tegers.

Table 19 shows the performance of the
Grade 7 students in the pretest and posttest in
Operations of Integers.

Table 19. Performance of grade 7 students in the pretest and posttest in operations of integers

Grade 10 performance

Score Description Before After
Frequency Percentage Frequency Percentage
36-40  Highly Proficient 0 0 2 10
30-35  Proficient 0 0 5 25
20-29  Nearly proficient 11 55 13 65
10-19  Low proficient 5 25 0 0
0-9 Not proficient 4 20 0 0
Total 20 100 20 100
Mean 18.15 27.80
Standard Deviation 5.08 5.25
interpretation Low Proficient Nearly Proficient

As depicted in Table 19, 55% or 11 Grade 7
students got a score under the nearly profi-
cient, 5 or 25% on low proficient, and 20% or 4
on Not Proficient in the pretest. On the posttest,
2 or 10% of the Grade 7 students got a score
under Highly Proficient, 5 or 25% under Profi-
cient, and 13 or 65% under Nearly Proficient.

This means that there is an improvement in
the performance of Grade 7 students after us-
ing the developed Numeracy Mobile Game.

Table 20 presents the performance of the
Grade 8 students in the pretest and posttest in
Operations of Integers.
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Table 20. Performance of thegrade 8 students in the pretest and posttest in operations of integers

Grade 8 performance

Score Description Before After
Frequency Percentage Frequency Percentage
36-40  Highly Proficient 0 0 2 10
30-35  Proficient 0 0 4 20
20-29  Nearly proficient 9 45 12 60
10-19 Low proficient 8 40 2 10
0-9 Not proficient 3 15 0 0
Total 20 100 20 100
Mean 17.25 26.45
Standard Deviation 7.39 6.17
interpretation Low Proficient Nearly Proficient

It is illustrated in Table 20, in pretest, 9 or
45% of Grade 8 students got a score under the
Nearly Proficient, 8 or 40% on Low Proficient,
and 15% or 3 on Not Proficient. When posttest
was administered, 2 or 10% of the Grade 8 stu-
dents got a score under Highly Proficient, 4 or
20% under Proficient, 12 or 65% under Nearly
Proficient, and 2 or 10% under Low Proficient.

This implies that the performance of Grade 8
students improved after utilizing the devel-
oped Numeracy Mobile Game in Operations of
Integers.

Table 21 depicts the performance of the
Grade 9 students in the pretest and posttest in
Operations of Integers.

Table 21. Performance of grade 9 students in the pretest and posttest in operations of integers

Grade 9 performance

Score Description Before After
Frequency Percentage Frequency Percentage
36-40  Highly Proficient 0 0 1 5
30-35  Proficient 2 10 8 40
20-29  Nearly proficient 3 15 10 50
10-19  Low proficient 15 75 1 5
0-9 Not proficient 0 0 0 0
Total 20 100 20 100
Mean 17.90 28.15
Standard Deviation 5.90 6.05
interpretation Low Proficient Nearly Proficient

As gleaned in Table 21, 2 or 10% of Grade 9
students had a proficient score, 3 or 15% had a
Nearly Proficient score, and 15 or 75% had a
Low Proficient score in the pretest. For the
scores of the posttest, 1 or 5% got a Highly Pro-
ficient, 8 or 40% got a Proficient, 10 or 50% got
Nearly Proficient, and 1 or 5% got a Low

Proficient. It can be inferred that the perfor-
mance of Grade 9 students increased after uti-
lizing the developed Numeracy Mobile Game in
Operations of Integers. Table 22 shows the
performance of the Grade 10 students in the
pretest and posttest in Operations of Integers.
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Table 22. Performance of grade 10 students in the pretest and posttest in operations of integers

Grade 10 performance

Score Description Before After
Frequency Percentage Frequency Percentage
36-40  Highly Proficient 0 0 2 10
30-35  Proficient 3 15 10 50
20-29  Nearly proficient 5 25 8 40
10-19  Low proficient 12 60 1 5
0-9 Not proficient 0 0 0 0
Total 20 100 20 100
Mean 19.65 29.85
Standard Deviation 6.89 5.26
interpretation Low Proficient Nearly Proficient

As shown in Table 22, 3 or 15% Grade 10
students got a score under Proficient, 5 or 25%
on Nearly Proficient, and 12 or 60% on Low
Proficient in the pretest. In the posttest, 2 or
10% of the Grade 10 students got a score under

Table 23. Summary of performance of the junior
operations of integers

Highly Proficient, 10 or 50% under Proficient,
and 8 or 40% under Nearly Proficient.

This means that the performance of Grade
10 students got better after using the devel-
oped Numeracy Mobile Game in Operations of
Integers.

high school students in the pretest and posttest in

Year level test Mean score  Standard deviation Interpretation
Grade7  Pretest 18.15 5.08 Low proficient
Posttest 27.80 5.25 Nearly Proficient
Grade8  Pretest 17.25 7.39 Low Proficient
Posttest 26.45 6.17 Nearly Proficient
Grade9  Pretest 17.90 5.90 Low Proficient
Posttest 28.15 6.05 Nearly Proficient
Grade 10  Pretest 19.65 6.89 Nearly Proficient
Posttest 29.85 5.26 Proficient

Table 23 presents the summary of perfor-
mance of the Junior High School students in the
pretest and posttest in operations of integers.

As shown in the table, Grade 7 students
gained a mean score of 18. 15 in the pretestand
27.80 in the posttest, with 5.08 and 5. 25 as the
standard deviation, and verbally interpreted as
Low Proficient and Nearly Proficient, respec-
tively. Grade 8 students earned a mean score of
17. 25 in the pretest and 26. 45 in the posttest,
with 7.39 and 6.17 as the standard deviation,
and verbally interpreted as Low Proficient and
Nearly Proficient, respectively. Grade 9 stu-
dents earned a mean score of 17. 90 in the pre-
test and 28.15 in the posttest, with 5.90 and
6.05 as the standard deviation, and verbally

interpreted as Low Proficient and Nearly Pro-
ficient, respectively. Grade 10 students got a
mean score of 19. 65 in the pretest and 29.85 in
the posttest, with 6.89 and 5.26 as the standard
deviation, and verbally interpreted as Nearly
Proficient and Proficient, respectively.

Test of Significant Difference between the
Pretest and Posttest Mean Scores of the Jun-
ior High School Students

The statistical data results of the difference
between the pretest and posttest mean scores
of the junior high school students in operations
of integers are shown in Tables 24 to 27 and the
summary in Table 28.
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Table 24. Test of significant difference between the pretest and posttest mean scores of grade 7 stu-

dents
n OWM s Computed tvalue Critical t value Decision Interpretation
Pretest 20 18.15 5.08 9.64 2.09 Reject the Hy  Significant
Posttest 20 27.8 5.25

Note: Significant level a= 5%

Degrees of freedom, df = 19

Table 25. Test of significant difference between the pretest and posttest mean scores of grade 8 stu-

dents

n OWM s Computed tvalue Critical tvalue Decision Interpretation
Pretest 20 17.25 7.39 15.90 2.09 Reject the Hy  Significant
Posttest 20 26.45 6.17

Table 24 shows the test of significant differ-
ence between the pretest and posttest mean
scores of Grade 7 students

It can be checked in Table 24 that the com-
puted t value of 9.64 is greater than the critical
t value of 2.09 with 19 degrees of freedom.
Thus, this led to the rejection of the null hy-
pothesis. At the 5% level of significance, this
shows that there is a significant difference be-
tween the pretest and posttest mean scores of
the grade 7 students. This means that there is
an improvement in the performance of Grade 7
students after using the developed Numeracy
Mobile Game.

Table 25 reveals the test of significant dif-
ference between the pretest and posttest mean
scores of Grade 8 students.

As reflected in Table 25, the computed t
value of 15.90 is higher than the critical t value
of 2.09. At a 5% significance level, this indicates
that the null hypothesis can be rejected. There-
fore, there is a significant difference between
the pretest and posttest mean scores of the
grade 8 students.

This entails that the performance of Grade
8 students increased after utilizing the devel-
oped Numeracy Mobile Game in Operations of
Integers.

Table 26 presents the test of significant dif-
ference between the pretest and posttest mean
scores of Grade 9 students.

Table 26. Test of significant different between the pretest and posttest mean scores of grade 9 stu-

dents
n OWM s Computed tvalue Critical t value Decision Interpretation
Pretest 20 1790 5.90 17.28 2.09 Reject the Ho  Significant
Posttest 20 28.15 6.05

Based on Table 26, the computed t value of
17.28 is above the critical t value of 2.09. So, at
a 5% significance level, the statistical decision
is to reject the null hypothesis. This shows that
there is a significant difference between the
pretest and posttest mean scores of the grade 9
students. This implies that the performance of

Grade 9 students improved after using the de-
veloped Numeracy Mobile Game in Operations
of Integers.

Table 27 depicts the test of significant dif-
ference between the pretest and posttest mean
scores of Grade 10 students.
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Table 27. Test of significant different between the pretest and posttest mean scores of grade 10 stu-

dents
n OWM s Computed tvalue Critical t value Decision Interpretation
Pretest 20 19.65 6.89 16.17 2.09 Reject the Hy  Significant

Posttest 20 29.85 5.26

Asis apparent from Table 27, the computed
tvalue of 16.17 is more than the critical t value
of 2.09. This leads to the statistical decision to
reject the null hypothesis at the 5% significance
level. Consequently, there is a significant differ-
ence between the pretest and posttest mean
scores of the grade 10 students. This means
that the performance of Grade 10 students got
better after using the developed Numeracy Mo-
bile Game in Operations of Integers.

Table 28 presents the summary of the test
of significant difference in the evaluation of the
two groups of respondents on the developed
Numeracy Mobile Game on Operations of Inte-
gers. It is directed in Table 28 that the pretest
and posttest mean scores of junior high school
students indicate significant differences, as
shown by the corresponding computed t val-
ues, which are above the critical t value. There-
fore, the posttest mean scores are higher than
the pretest means scores of the students.

Table 28. Summary of the test significant difference in the evaluation of the two groups of respond-
ents on the developed numeracy mobile game on operations of integers

Year level Pretest Posttest tcomputed  decision interpretation
Mean s Mean s value
Grade7  18.15 5.08 2780 5.25 9.64 Reject the Hy  Significant
Grade 8 17.25 7.39 2645 6.17 15.90 Reject the Hy  Significant
Grade 9 17.90 5.90 28.15  6.05 17.28 Reject the Hy  Significant
Grade 10  19.65 6.89 29.85 5.26 16.17 Reject the Hy  Significant

It concludes that the Numeracy Mobile
Game in Operations of Integers can enhance the
performance of junior high school students in
performing operations of integers.

This is aligned to the study of Satiada
(2020) that using a Proballader computer game
can improve students' learning and assist stu-
dents to understand mathematics as an inter-
esting and useful subject. Every student can be
provided with another opportunity to learn
and make use of other methods.

Feedback of the Junior High School Student
Participants after Playing of Numeracy Mo-
bile Game in Operations of Integers

The comments and suggestions of the JHS
students after playing the Numeracy Mobile
Game in Operations of Integers were as follows:
a) It is an excellent game to enhance and re-
fresh our minds pertaining to integers; b) The
game was so good. It was made for students to
help them enhance their knowledge and skills;

c) This isn't your average game. It's a learning
experience; d) The game is enjoyable; You will
continue playing because you will learn a lot
and it is fun; and e) It is challenging, and there
are some things to improve, like the time limit
and controls.

Comments and Suggestions of the Respond-
ents to Improve the Numeracy Mobile Game
in Operations of Integers

The comments and suggestions of the two
groups of respondents to improve the numer-
acy mobile game in Operations of Integers were
as follows:

Comments:

a) The game is fun and enjoyable; b) It is
an engaging and exciting way of presenting the
content and skills on signed numbers; c) The
game is creative and useful, particularly at this
time; d) It motivates students to master the
skills of performing integer operations; and e)
Students will enjoy playing while learning.
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Suggestions:

a) The user interface of the game might re-
quire some improvements, such as the controls
for the up and down arrows; b) Enhance the tu-
torial section before starting the actual game or
at the beginning of each level; c) The aesthetics
of the game could use some improvement; d) It
would be more interesting if players received
an item for every level they completed; and e)
Add more character customization possibili-
ties.

Conclusion
Based on the results of the study, the fol-
lowing conclusion was derived:

1. Numeracy Mobile Game in Operations of In-
tegers was highly acceptable to experts and
math teachers.

2. Utilizing Numeracy Mobile Game in Opera-
tions of Integers in Old Boso-Boso National
High School enhanced the performance of
the JHS students on operation of integers.

Recommendation
Based on the findings and conclusions
drawn, the following are recommended:

1. The utilization of Numeracy Mobile Game in
the operation of integers is recommended to
increase students’ performance.

2. Other schools from the City Schools Division
of Antipolo are encouraged to use and de-
velop other digital learning materials in
teaching.

3. Teachers and future researchers are advised
to conduct parallel studies in other subject
areas and modify the game-based learning
materials according to the needs of the stu-
dents.

4. Teachers and future researchers are encour-
aged to enhance the Numeracy Mobile
Game.

5. Teachers and future researchers are encour-
aged to attend seminars and training on the
development of game-based learning mate-
rials.

References
Adeoye, et al. (2020). The Roles of Technology and Glob-
alization in Educational Transformation. USA

Alchemer
https:
posive-sampling-101/, Retrieved December 2021

Bairagi, V. et al. (2019). Research Methodology: A Practi-
cal and Scientific

(2021). 101,
www.alchemer.com/resources/blo ur-

Purposive  Sampling

Approach. Taylor & Francis
Group

Bungay, C. (2019). Information and Communication Tech-
nology (ICT)- Based Instructional Materials in
Teaching Grade 10 Mathematics. Marikina Poly-
technic College.

Cepe, R. (2017). Development and Validation of Strategic
Intervention Materials on Integers for Grade 7
Mathematics. Marikina Polytechnic College

Cutamora, D. (2020). Blended Learning Approach Cum
Flipped Classroom in Mathematics 10. Marikina
Polytechnic College

De Las Penas, Ma. Louise N. (2019). Digital Simulations for
Grade 7 to 10 Mathematics. Ateneo De Manila Uni-
versity. Retrieved December 2021.

Dumrique, D.O. et al. (2018). Online Gaming: Impact on
the Academic Performance and Social Behavior of
the Students in Polytechnic University of the Philip-
pines Laboratory High School

Embong,Z., Khalid, M. (2020). Sources and Possible
Causes of Errors and Misconceptions in Operations
Of Integers. International Electronic Journal of
Mathematics Education.

Etcuban, ], et al (2018). The Effects of Mobile Application
in Teaching High School Mathematics. International
Electronic Journal of Mathematics Education.

Fuadiah, NF, et al (2016). Some Difficulties in Understand-
ing Negative Numbers Faced by Students: A Quali-
tative Study Applied At Secondary Schools In Indo-
nesia.

Godfrey, Z., Mtebe, |, (2018). Redesigning Local Games to
Stimulate Pupils' Interest in Learning Numeracy in
Tanzania. International Journal of Education and
Development Using Information and Communica-
tion Technology, V14 N3 P17-37 2018.

Goémez-Garcia, M,, et al (2020). Using Mobile Devices for
Educational Purposes in Compulsory Secondary
Education to Improve Student’s Learning Achieve-
ments.

Guinocor, M., Almerino, P., Mamites, 1., Lumayag, C., Vil-
laganas, M. A, & Capuyan, M. (2020). Mathematics
Performance of Students in A Philippine State Uni-
versity. International Electronic Journal of Mathe-
matics Education.

Habib, M.K. (2020). Revolutionizing Education in the Age
of Al and Machine Learning. IGI Global

IJMABER

2417

Volume 3 | Number 11 | November | 2022


https://www.alchemer.com/resources/blog/%20purposive-sampling-101/
https://www.alchemer.com/resources/blog/%20purposive-sampling-101/

LMR Lopez, 2022 / Enhancement of the Performance of Junior High School Students using Numeracy Mobile Game

Herold, B. (2016). Technology in Education: An Overview.
Retrieved December 2021.

IGI Global (2015). What is Mobile
https://www.igiglobal.com/ dictionary/mobile-
game/18854, Retrieved December 2021
In Mathematics 10. Marikina Polytechnic College

Jin,W. ,Sabio, C. (2018). Potential Use of Mobile Devices in
Selected Public Senior High Schools in the City of
Manila Philippines. Retrieved December 2021.

Jinot, B. L. (2019). An Evaluation of a Key Innovation: Mo-
bile Learning. Retrieved September 2021.

Khateeb, M. (2019). Effect of Mobile Gaming on Mathe-
matical Achievement among 4th Graders. Interna-

Game,

tional Journal of Emerging Technologies in Learn-
ing (Ijet) 14(07):4.

Klopfer, E. (2008). Augmented Learning: Research and
Design of Mobile Educational Games.

Kurt, S (2019). TPACK: Technological Pedagogical Con-
tent Knowledge Framework. https://educational-

technology.net/technological-pedagogical-con-

tent-knowledge-tpack-framework/, Retrieved De-
cember 2021

Lass, J. (2017). Pros and Cons of Mobiles and Mobile
Games. Retrieved December 2021.

Lin Sen et al. (2017). Teaching and Learning of Integers
Using Hands-On Versus Virtual Manipulatives. 3rd
International Conference on Education, Vol. 3,
2017, Pp. 174-185.

Lin, Y. (2018). Mobile Digital Games as an Educational
Tool in K-12 Schools. Retrieved January 2022.
Marcus-Quinn and Hourigan. (2017). Handbook on Digital
Learning for K-12 Schools. Springer International

Publishing Switzerland

Navalta,]. (2020). Utilization of ICT- Based Instructional
Materials for Mathematics 9. Marikina Polytechnic
University

Ni and Y. Yu. (2015). Research on Educational Mobile
Games and The Effect It Has on The Cognitive De-
velopment of Preschool Children. 2015 Third Inter-
national Conference on Digital Information, Net-
working, and Wireless Communications, 165-169.
Retrieved May 10, 2021.

Oliveros, E. (2019). Use of Quipper School as Artificial In-
telligence in Teaching Geometry. Marikina Poly-
technic College

Padirayon, L. M. et al. (2018). Exploring Constructivism
Learning Theory Using Mobile Game. IOP Confer-

ence Series: Materials Science and Engineer-

ing, Volume 482, International Conference on In-
formation Technology and Digital Applications. Ma-
nila City, Philippines.

Palalas, A. (2018). Mindfulness in Mobile and Ubiquitous
Learning: Harnessing the Power of Attention. Re-
trieved December 2021.

Plass, J. L. et al. (2015). Foundations of Game-Based
Learning. Division 15, American Psychologist Asso-
ciation.

Reyes, A. (2019). Peer Assisted Learning Strategy in
Teaching Students with Difficulties in Performing
Operation of Integers. FEU-Roosevelt College.

Rondina, Janneth Q. (2019). Game-Based Design Mathe-
matics Activities and Students’ Learning Gains. The
Turkish Online Journal of Design, Art and Commu-
nication - Tojdac Issn: 2146-5193, January 2019
Volume 9 Issue 1, P. 1-7

Satiada, Christopher (2020). Development and Validation
of Probaladder Computer Game in Teaching Mathe-
matics 10. Marikina Polytechnic College

Schwabe, Gerhard & Goth, Christoph. (2005). Mobile
Learning with A Mobile Game: Design and Motiva-
tional Effects. J. Comp. Assisted Learning. 21. 204-
216.10.1111/].1365-2729.2005.00128. X.

Stiller,K.,, Schworm, S. (2019). Game-Based Learning of
the Structure and Functioning of Body Cells in A
Foreign Language: Effects on Motivation, Cognitive
Load, And Performance. Department of Educational
Science, University of Regensburg, Regensburg,
Germany.

Taroy, J. (2017). Effectiveness of Utilizing the Geogebra
Graphing Calculator Mobile Application (GCMA)
For Activity-Based Learning Activity in Teaching
Mathematics 8. Marikina Polytechnic University.

(2012), Mobile
https://www.techopedia.com/
tion/24261/mobile-games,
2021

Tumaque, Maribel (2018). Utilization and Evaluation of

Techopedia Games,

defini-

Retrieved December

Electronic Daily Drill Card for Non-Numerate Grade
8 Students. Marikina Polytechnic College.

Vintere, Anna. (2018). A Constructivist Approach to the
Teaching of Mathematics to Boost Competences
Needed For Sustainable Development. Latvia Uni-
versity of Life Sciences and Technologies.

Vlachopoulos, D., & Makri, A. (2017). The Effect of Games
and Simulations on Higher Education: A Systematic
Literature Review. International Journal of Educa-
tional Technology in Higher Education.

IJMABER

2418

Volume 3 | Number 11 | November | 2022


https://www.igiglobal.com/%20%20%20dictionary/mobile-game/18854
https://www.igiglobal.com/%20%20%20dictionary/mobile-game/18854
https://educationaltechnology.net/technological-pedagogical-content-knowledge-tpack-framework/
https://educationaltechnology.net/technological-pedagogical-content-knowledge-tpack-framework/
https://educationaltechnology.net/technological-pedagogical-content-knowledge-tpack-framework/
https://www.techopedia.com/
https://www.jstor.org/stable/44328522

