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ABSTRACT: The achievement emotions of Indonesian students in doing mathematics activities have
not relatively been stable whereby sometimes they attend math class with anxious, bored, or hopeless
feelings. Therefore, the present study aims to develop and produce a Ucing Sumput game that is valid,
practical, and effective in stabilizing students' achievement emotions in mathematics activities. A
research and development using ADDIE model was applied to do this study. This study involved
three experts and 67 eleventh-grade students at a public senior high school in Bandung City. An
achievement emotion questionnaire in mathematics was used to measure students' achievement
emotions in mathematics activities. Descriptive and inferential statistics (e.g., N-gain, effect size, paired
t-test, and independent t-test) were used to analyze the data. Results revealed that the prototype of the
game was valid and practical to be utilized in mathematics instruction. Moreover, this game had a
significantly positive strong effect in increasing students' positive emotions and a significantly
negative strong effect in decreasing students’ negative emotions. This means that this game
significantly stabilizes students' achievement emotions in mathematics activities. Consequently, the
Ucing Sumput game can be utilized as an effective digital educational technology in stabilizing

students” achievement emotions in doing mathematics activities.

Keywords: achievement emotions, digital educational game, direct instruction, mathematics activities, Sundanese local
wisdom, Ucing Sumput.

I. INTRODUCTION

Every day students' academic life is colored by many types of emotions. Emotions have a fundamental role
in an academic setting in deciding students’ behaviors, perceptions, and experiences in learning environments
followed by them [1, 2]. Particularly, they experience a broad variety of emotions when following courses, taking
exams, and doing homework assignments. For example, in an empirical study, Suparman et al. [3] reported that
emotions experienced by female secondary students in solving math exams are such as pride, enjoyment, hope,
contentment, anxiety, hopelessness, boredom, anger, and frustration. Additionally, emotions generate students’
behaviors and attitudes in responding to learning activities or learning outcomes. As an example, students who
are bored or hopeless in attending math courses, are not interested in following activities in the learning
environment [4, 5]. This shows that the boring and hopeless feelings of students do not motivate them to study a
learning material [6, 7]. This indicates that emotions become one of the crucial factors that have to be noticed in
academic settings.

Emotions in academic settings related to academic activities (e.g., doing homework assignments or taking
examinations) or academic outcomes (e.g., success or failure) are defined as achievement emotions [8, 9].
Moreover, Pekrun [10] explained that achievement emotions are categorized by object focus (activity vs.
outcome), activation level (activating vs. deactivating), and valance (positive vs. negative). Particularly, in the
valance view by considering both activation level and object focus, positive emotions (e.g., enjoyment, hope,
pride, contentment, and relief) are positively associated with some academic factors, such as achievement,
motivation, learning interest, and performance [4, 7]. In contrast, negative emotions (e.g., anxiety, boredom,
hopelessness, anger, shame, disappointment, and sadness) are negatively associated with some academic factors,
such as performance, motivation, achievement, and learning interest [6, 11]. This shows that the stability of
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achievement emotions in learning environments (e.g., mathematics learning, science learning, or social learning)
must be generated by increasing positive emotions and decreasing negative emotions to promote students’
academic achievement, motivation, and performance.

The existence of achievement emotions in mathematics activities has to be stable in supporting the
optimization of students' mathematics achievement, motivation, performance, and learning interest. Bieleke et
al. [1] in literature explained that the stability of students’ achievement emotions in mathematics activities is
characterized by the increase of positive emotions and the decrease of negative emotions. Nevertheless, several
empirical studies revealed that students’ achievement emotions are not relatively stable in attending math class,
doing math homework, and taking math exams in which their positive emotions decrease whereas their negative
emotions increase [2, 12, 13]. Particularly, a few empirical studies also reported that the achievement emotions of
Indonesian students in mathematics activities have not relatively been stable whereby sometimes they attended
math class with anxious, bored, or hopeless feelings [14-16]. This shows that students” achievement emotions in
doing mathematics activities still have not been stable, whereas positive emotions (e.g., enjoyment and pride) are
positively associated with mathematics achievement [5, 17], and negative emotions (e.g., shame, anxiety, and
boredom) are negatively associated to mathematics achievement [18, 19]. Consequently, achievement emotions
that are not stable in conducting mathematics activities can obstruct students' mathematics achievement.

Furthermore, the rapid and sophisticated development of science and technology in the 21st century provides
abundant information for Indonesians younger. The abundance of information can be such as culture, politics,
economics, education, and others. The foreign cultural information (e.g., music, food, clothes, art, craft, language,
and tradition) that come to Indonesia, locally in West Java passing through social media, such as YouTube,
Instagram, TikTok, and others influence Indonesian people’s behaviors, especially Sundanese students in an
academic context [20, 21]. Particularly, they start by adapting music and food, using clothes and language, and
applying tradition in the context of Indonesian culture, mainly Sundanese local wisdom. For example, Sundanese
youngers often wear clothes in Korean or Japanese style, listen to many Korean or Western songs, consume
Chinese or Arabian foods, and apply English, Korean, or Japanese language in daily life [22, 23]. On one hand,
this condition provides a positive impact on the literature regarding foreign cultures. On the other hand, it
gradually fades traditions and identities of local cultures, specifically Sundanese local wisdom. Moreover, Ucing
Sumput—one of the traditional games in West Java represents Sundanese local wisdom [24]. As a consequence,
a lot of Sundanese youngsters do not understand and even know their traditions and identities related to local
cultures [25, 26].

Students’ unstable achievement emotions in doing mathematics activities, such as attending math class, doing
math homework, and taking math exams can be one of the academic barriers for students to get the best
mathematics achievements. As a consequence, the existence of stimulants which can increase students' positive
emotions and decrease students' negative emotions in performing mathematics activities is extremely required
in academic settings. Games become one of the potential stimulants to stabilize students' achievement emotions
in academic settings. In the literature, Alcaraz-Munoz et al. [27] stated that there are many challenging and
interesting things in gaming activities. Additionally, Chen et al. [28] argued that gaming activities generate
stimulants that activate positive emotions and deactivate negative emotions. Lei et al. [29] in a meta-analysis
study investigating educational games and achievement emotions revealed that the activities of educational
games significantly increase students’ positive emotions and decrease students’ negative emotions. To make the
utilization of educational games in doing mathematics activities more flexible and mobile, the Android system is
used to digitally pack the educational games [30, 31]. Moreover, the phenomena regarding Sundanese students
who do not know about their local cultures in that the traditions or identities are faded by incoming foreign
cultures in many aspects, such as art, music, craft, food, clothes, and language initiate Sundanese local wisdom
like as traditional games to be included to digital educational games. Thus, the development of Ucing Sumput as
a digital educational game containing Sundanese local wisdom is expected to stabilize students’ achievement
emotions in performing mathematics activities.

To date, a lot of developmental studies that develop digital educational games as learning media promoting
the process of mathematics learning have widely been conducted. Particularly, several developmental studies
revealed that Android-based educational games significantly enhance students’ mathematics achievements [32-
39]. Additionally, some developmental studies showed that Android-based educational games significantly
increase students’ learning interest to mathematics [16, 40-47]. The developmental studies, however, do not
include local wisdom that relates to mathematics content in the context of educational games. A few
developmental studies, actually, have included local wisdom, such as Timor and Sundanese to Android-based
educational games [48, 49].

Particularly, Suddin and Deda [49] revealed that Android-based educational games including Timor local
wisdom can motivate and facilitate students in mathematics learning. In addition, the developmental study
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performed by Irawan et al. [48] only designed and developed Android-based educational games using Sundanese
local wisdom to be prototypes. Meanwhile, the present study develops a digital educational game based on
Sundanese local wisdom using an Android system to stabilize students' achievement emotions in mathematics
activities.

The present study aims to produce the valid, practical, and effective Ucing Sumput as a Sundanese local
wisdom-based digital educational game in stabilizing students’ achievement emotions in doing mathematics
activities. This digital educational game is expected to promote mathematics teachers in increasing students’
positive emotions (e.g., enjoyment and pride) and decreasing students’ negative emotions (e.g., anxiety,
boredom, shame, hopelessness, and anger) in conducting some mathematics activities, such as attending math
class and taking a math exam). The following research questions are used to specify the purpose of this study,
such as (1) How does the needs analysis go into developing Ucing Sumput as a digital educational game? (2)
What is the process for designing the digital educational game? (3) How is the validity of Ucing Sumput as a
digital educational game? (4) How is the practicality of Ucing Sumput as a digital educational game to be utilized
in the process of mathematics learning? (5) How much does the effect size of the digital educational game have
on the stabilization of students' achievement emotions in doing mathematics activities? (6) How does the digital
educational game significantly stabilize students’ achievement emotions in doing mathematics activities?

II. THEORETICAL FRAMEWORK

1. ACHIEVEMENT EMOTIONS

Emotions exist in academic settings everywhere and extremely affect students' academic performance. In
contemporary research, emotions are defined as multifaceted phenomena involving a series of coordinated
psychological processes, including affective, cognitive, physiological, motive, and expressive components [8].
Generally, Pekrun and Stephens [9] stated that academic emotions consist of achievement emotions, epistemic
emotions, topic emotions, and social emotions. Moreover, Pekrun and Stephens [9] particularly explained that
achievement emotions are related to achievement activities and achievement outcomes. In detail, activity
emotions encompass continuing emotions experienced by students when involved in achievement activities,
such as attending classes, doing homework assignments, and taking exams. Meanwhile, outcome emotions cover
prospective emotions related to success or failure in the future, and retrospective emotions related to success or
failure in the past [10, 50]. This explains that achievement emotions emerge from learning activities and learning
outcomes.

In the literature, Pekrun and Linnenbrink-Garcia [51] explained that achievement emotions are categorized to
be two dimensions, such as valance and activation. From the dimension of the valance, achievement emotions
are differentiated by positive emotions (e.g., enjoyment, hope, pride, gratitude, relaxation, contentment, and
relief) and negative emotions (e.g., anger, anxiety, shame, boredom, sadness, hopelessness, and disappointment).
Additionally, of the dimension of activation, achievement emotions are categorized to be activating emotions
(e.g., enjoyment, hope, pride, gratitude, anger, anxiety, and shame) and deactivating emotions (e.g., relaxation,
contentment, relief, boredom, sadness, hopelessness, and disappointment). Moreover, the present study involves
five types of positive emotions, such as enjoyment, pride, hope, contentment, and relaxation, and five types of
negative emotions, such as anger, anxiety, shame, boredom, and hopelessness to measure the stability of
students’ achievement emotions in doing mathematics activities. Mathematics activities in the present study are
specified in students' activities in attending math classrooms and taking math examinations.

2. UCING SUMPUT—A SUNDANESE TRADITIONAL GAME

Sundanese is one of Indonesian ethnics which largely live in West Java— a province located in Java Island.
Sundanese people have a lot of local cultures that are particularly well-known by their community, such as
clothes, foods, crafts, arts, traditions, and languages. Traditional games are one of the local wisdoms in the
community of Sundanese people. There are many types of Sundanese traditional games (e.g., Oray-Orayan,
Ucing Sumput, Boi-Boian, Galah Asin, Gatrik, Hahayaman, Congklak, Engklek, Endog-Endogan, and Egrang)
which have valuable cultural heritages for Sundanese community [52-58]. Some of the traditional games (e.g.,
Gatrik, Galah Asin, Congklak, Engklek, and Egrang) have often been played and related to mathematics contents,
such as algebra and geometry. These traditional games become the ethnical context of mathematics learning.
Thus, the involvement of Sundanese traditional games can be in the context of mathematics learning.

The present study uses a Sundanese traditional game, called as Ucing Sumput which has extremely not been
popular in the community of West Java people. Ucing Sumput refers to Sundanese traditional games in which
the “Ucing = Cat” here means that the player is on guard, while the other players are hiding [24, 59, 60]. In detail,
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Giwangsa and Novianti [24] explained the rules of this game in which firstly, all players agree to determine the
limits for playing and where to guard. Boundaries can be marked by certain trees, poles, or houses, and players
who cross the line are declared defeated and must lose in the next round. All players do hompimpah to determine
who will be the guard in the first round. The player who has the guard’s turn counts a certain number while
closing his eyes while standing guard and the number is between 10 — 30 (See FIGURE 1). The other players hide
in their respective places of choice as long as the guard is still counting and closing his eyes. After the guard has
finished counting, the guard will shout “Geus = already” to indicate that the game has started and the guard will
start looking for hiding players. The players whose hiding place is discovered first will become the guard in the
next round. Players who have been caught wait in the guard area until all players have been found. Players who
are still hiding when the guard has found other players, have the opportunity to save the player who was caught
by touching the guard without the guard knowing while shouting “Hong”. The game is over when all players
have been found.

FIGURE 1. The illustration of Ucing Sumput game.

3. UCING SUMPUT AS A DIGITAL EDUCATIONAL GAME

The Ucing Sumput game used in this study is connected to mathematics content. The mathematics contents
consist of enumeration rules (e.g., addition rule, multiplication rule, permutation, and combination), and
probability of compound events (e.g., mutually exclusive events, independently exclusive events, and probability
of a conditional event) [61-64]. Additionally, the traditional game is modified to be educational games and packed
into digital form. In the literature, Fokides [65] stated that digital educational games refer to applications or
programs designed for learning and entertaining purposes, utilizing digital technologies, such as computers,
smartphones, and game consoles. Digital educational games can help develop various students” abilities, such as
problem-solving, logic, creativity, and digital skills [66, 67]. In addition, this game can increase students’ learning
motivation because it offers an interactive, challenging, and fun experience in the learning process [68, 69].

Digital educational games have some characteristics, such as interactive (players can directly interact with the
game content and interface), adaptive (the games adjust the level of difficulty and content based on the players’
abilities), and learning objectives (games are designed to achieve measurable and clear learning objectives [70,
71]. Generally, digital games consist of simulation games, challenging games, and educational games [72, 73].
The digital game using the context of Sundanese local wisdom in the present study is categorized as a challenging
and educational game. Particularly, Hwa [72] explained that challenging games offer exciting exploration and
problem-solving experiences while embedding key concepts in mathematics, such as enumeration rules and
probability of compound events. Meanwhile, educational games focus on learning objectivities whereby the
educational games in this study are projected as an evaluating tool to measure mathematics achievement in
enumeration rules and probability of compound events. Moreover, the educational games are packed to be digital
using the Android system— an open-source system providing opportunities for developers and users to flexibly
use it [74, 75]. Android-based educational games can be utilized everywhere on mobile. Some studies revealed
that mobile educational games can be practically accessed everywhere by students in the learning process [76-
79].

A new form of digital educational game modified in this study is related to the evaluation of learning material
in mathematics (e.g., enumeration rules and probability of compound events). The Ucing Sumput game in digital
version is represented by the player (P) who will find the right positions of cats (O) in the locked boxes using the
given map which is also locked in the single box (See FIGURE 2). To open the boxes consisting of a cat, map, or
trap, every player has to solve math problems.
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FIGURE 2. The illustration of Ucing Sumput in digital game.

This digital game can be played by several players and they will find some cats to get the scores. It is started
by players who open the box containing the given map describing the right positions of cats in some boxes. To
open the locked box, all of the players have to solve one simple math problem related to enumeration rules or
probability of compound events. After the player reads and understands the possible position of cats, they
carefully find the box containing the cat in which to open this box, the player also has to solve one math problem.
If the player succeeds in opening the box containing the cat, he/she will get the score. However, if the player
succeeds in opening the box containing the trap (T), he/she will get a decrease in score. All players are given the
time during 15 - 25 minutes to find all of the cats as long as they can. The final score in this game is decided by
the highest point in looking for cats decreased by the point in finding traps.

4. DIRECT INSTRUCTION

Direct instruction refers to a learning model using teachers' demonstration and explanation embedded with
students' practice and feedback to encourage them to get the knowledge and skills required for the next learning
[80]. It can be understood as a learning model that can encourage students to learn and hold basic skills and
gradually get the information [81]. In the literature, McMullen and Madelaine [82] argued that there are some
characteristics of direct instruction, such as: (1) there is a model effect on students including in learning purpose
and assessment; (2) it has the syntax overall learning trajectory; and (3) management system and learning
environment are adjusted to promote the success of learning activities. Additionally, Eppley and Dudley-Marling
[83] mentioned that there are five main phases in direct instruction, such as: (1) presenting learning purposes and
preparing students to learn, (2) demonstrating knowledge and skill, (3) guiding students in doing the practice,
(4) checking students” understanding and giving the feedback, and (5) providing the opportunity for students to
do advanced practice and applsy it. These steps are applied in mathematics direct instruction promoted by the
Ucing Sumput game.

ITII. MATERIAL AND METHOD

This study was Research and Development applying the ADDIE model to produce the product of a digital
educational game that was valid, practical, and effective in stabilizing students' achievement emotions in
attending math class and taking math exams. In a book, Branch [84] explained that ADDIE is an acronym for
Analyze, Design, Develop, Implement, and Evaluate which is not only a model per se but also a product
development paradigm. It means that the phase of ADDIE model covers three indicators, such as validity,
practicality, and effectivity in developing Ucing Sumput as a digital educational game. Therefore, the model was
selected in this study to develop a product of learning technology that was an Android-based educational game
using the context of Sundanese local wisdom. Briefly, some activities (e.g., collecting and selecting the
appropriate Sundanese traditional games, selecting possible mathematics contents, and doing relevant literature
reviews) were conducted in the analysis phase. Transforming modified concepts of the Sundanese traditional
game to a digital game using Construct 2 software that could be applied to the Android system was carried out
in the design phase. In the development phase, the prototype of a Sundanese local wisdom-based digital
educational game was validated by involving some experts in educational technology, mathematics content, and
Sundanese culture, and also examined its practicality to be utilized by users (e.g., students and teachers). The
valid and practical digital game was experimented with in a mathematics learning environment in the
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implementation phase. The effectiveness of Sundanese local wisdom-based digital educational games in
stabilizing students' achievement emotions in attending math class and taking math exams was retrospectively
analyzed in the evaluation phase.

1. RESEARCH DESIGN

Quasi-experimental research was applied in the phase of implementation and evaluation to describe and
examine the effect of Ucing Sumput as a digital educational game using the context of Sundanese local wisdom
in stabilizing students' mathematics achievement emotions. Moreover, the pretest-posttest control group design
was used in that this study examined the increase of positive emotions and the decrease of negative emotions.
Two groups, such as the experiment class and control class were selected using purposive sampling because the
accesses to involve the participants in those classes were available [85-92]. The experiment class received direct
instruction assisted by a Sundanese local wisdom-based digital educational game while the control class only
received direct instruction (See Table 1).

Table 1. Experimental design of Sundanese local wisdom-based digital educational game in stabilizing
mathematics achievement emotions.

Group Pretest Intervention Post-test
. Mathematics Direct Instruction & Ucing Mathematics Achievement
Experiment . . .
Achievement Emotions Sumput Game Emotions
Mathematics . . Mathematics Achievement
Control . . Direct Instruction .
Achievement Emotions Emotions

2. PARTICIPANTS

This study involved three experts consisting of one expert in educational technology, one expert in
mathematics content and Sundanese traditional games, and one expert in the Indonesian language. Moreover, 33
eleventh-grade students of a public senior high school in Bandung City were involved in limited trials to describe
the practicality of Ucing Sumput as a digital educational game to be utilized by students and mathematics
teachers in mathematics direct instruction. Additionally, 67 eleventh-grade students of a public senior high school
in Bandung City were also involved in an experimental process in which they were distributed to 34 students in
the experimental group and 33 students in the control group. The participants were involved in the limited trial
and experimental activity selected using purposive sampling in that the accesses to involve the participants in
those classes were available [93-99].

3. INSTRUMENTS AND DATA COLLECTION

To validate the prototype of the Ucing Sumput game, a validation sheet consisting of the operating system,
gaming content, language, and design & graphics was used. Particularly, the aspect of the operating system
contained four indicators, followed by nine indicators in the aspect of gaming content, three indicators in the
aspect of language, and 15 indicators in the aspect of design and graphics. Each indicator in the validation sheet
used a 5-point Likert scale (1=strongly disagree; 2=disagree; 3 = quite agree; 4=agree; 5=strongly agree). All of the
aspects included in the validation sheet referred to the framework proposed by Smaldino et al. [100].
Additionally, a questionnaire was used to describe students' responses regarding the practicality of the Ucing
Sumput game to be utilized in mathematics direct instruction. This questionnaire consisted of 16 statements
related to operating systems, features, displays, and activity in the digital educational game. Each statement in
the questionnaire related to the Ucing Sumput game used a 5-point Likert scale (1=strongly disagree; 2=disagree;
3 = quite agree; 4=agree; 5=strongly agree). The content of this questionnaire had been validated by two experts
in mathematics education and educational technology who stated that it was valid and eligible to measure
students' responses regarding prototype practicality.

Achievement Emotions Questionnaire-Mathematics (AEQ-M) developed by Bieleke et al. [101] was adopted
in this study to measure students' achievement emotions in attending math class and taking math exams. The
questionnaire contained ten types of emotions consisting of five positive emotions (e.g., enjoyment, hope, pride,
relaxation, and contentment) and five negative emotions (e.g., anxiety, hopelessness, boredom, shame, and
anger). Each statement in AEQ-M used a 5-point Likert scale (1=strongly disagree; 2=disagree; 3 = quite agree;
4=agree; 5=strongly agree). Additionally, the questionnaire was valid and reliable whereby the value of validity
and reliability for each emotional type was such as enjoyment (r = 0.64; o = 0.90), pride (r = 0.67; o« = 0.87), hope (r
=0.70; oc = 0.89), contentment (r = 0.72; a = 0.89), relaxation (r = 0.64; a = 0.90), anger (r = 0.62; o = 0.88), anxiety (r
= 0.61; a = 0.91), shame (r = 0.57; a = 0.84), hopelessness (r = 0.70; a = 0.89), and boredom (r = 0.72; o« = 0.89).
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Moreover, the questionnaire was administered to students in each group before and after the intervention of
mathematics direct instruction assisted by the Ucing Sumput game in the experiment class and only mathematics
direct instruction in the control class was conducted.

4. PROCEDURE

The developmental procedure in developing Ucing Sumput as a digital educational game to stabilize
students” achievement emotions in doing mathematics activities (e.g., attending math classes and taking math
exams) in this study is briefly described in FIGURE 3.

o Procedure of Validation, Practicality, and
— Effectiveness of “Ucing Sumput” Game
[
A
<
w
g
T:“ v
< “Ucing Sumput” Game version 1 <
Validation Experts
Revision
i
QE) “Ucing Sumput” Game version 2 <
o
=
> Limited
a Trials
Is it practical? N Revision
Yes
“Ucing Sumput” Game version 3 <
Effectiveness Experiments
2 e
s .©
¥ w . . .
E E Is it effective? N Revision
— @
o >
= Yes
B
“Ucing Sumput” Game version 4

FIGURE 3. The procedure of validation, limited trial, experiment, and revision process.

5. TECHNIQUE ANALYSIS

Descriptive statistics (e.g., average score) was used to analyze the quantitative data of the process of validity
and limited trial. The average score data of the validity process was compared to the validity level proposed by
Qohar et al. [102] (See Table 2).

Table 2. The categorization of validity scale.

Validity Scale (Vr) Category
1<Vr<2 Invalid
2<Vr<3 Less Valid
3<Vr<4 Valid

162
VOLUME 4, No 4, 2024



QUBAHAN ACADEMIC JOURNAL
VOL. 4, NO. 4, December 2024
https://doi.org/10.48161/qaj.v4n4a808

4<Vr<s Very Valid

Moreover, the qualitative data regarding comments and suggestions in the validation sheet was used to revise
the prototype of the Ucing Sumput game. Meanwhile, the average score data of the limited trial was compared
to the practicality level proposed by Qohar et al. [102] (See Table 3).

Table 3. The categorization of practicality scale.

Practicality Scale (Pr) Category
1<Pr<2 Impractical
2<Pr<3 Less Practical
3<Pr<4 Practical
4<Pr<5 Very Practical

Moreover, the qualitative data regarding comments and suggestions in the practicality sheet was used to
revise the practicality of the Ucing Sumput game in the mathematics learning environment. Thematic analysis of
weaknesses and errors in the prototype of the Ucing Sumput game when the validation process and limited trial
were performed to revise the gaming product.

The profile of students' achievement emotions in doing mathematics activities in experimental and control
groups was described using the framework proposed by Azwar [103] (See Table 4).

Table 4. The categorization of students” achievement emotions.

Profile Scale (x) Category
x <Mi - Si Low

Mi -Si<x<Mi+Si Moderate
x> Mi + Si High

The value of N-gain was used to describe the increase of students' positive emotions and the decrease of
students' negative emotions in each group [104] (See Table 5).

Table 5. The categorization of n-gain value.

N-Gain Value (Ng) Category
Ng <0.30 Low

0.30<Ng<0.70 Moderate
Ng >0.70 High

In addition, Hedges” equation was selected to compute the effect size of the Ucing Sumput game in stabilizing
students’ achievement emotions in attending math classes and taking math exams. Cohen et al. [105] categorized
the level of effect size in the g unit (See Table 6).

Table 6. The categorization of effect size in the g unit.

Effect Size (g) Category
0.00-0.20 Weak
0.21-0.50 Modest
0.51-1.00 Moderate

>1.00 Strong

Moreover, inferential statistics (e.g., paired t-sample test and independent t-sample test) was applied to
examine the effect of Ucing Sumput as a digital educational game in stabilizing students' mathematics
achievement emotions. Particularly, a paired t-sample test was used to examine the effect of the Ucing Sumput
game in increasing students' positive emotions and decreasing students' negative emotions. Meanwhile, an
independent t-sample test was used to examine differences in the stability of achievement emotions in doing
mathematics activities between students who received Ucing Sumput game-assisted direct instruction and
students who only received direct instruction. All of the calculations in this study were promoted by a few
software (e.g., SPSS ver. 26 and CMA ver. 4).
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IV. DATA ANALYSIS

1. NEEDS ANALYSIS AND DESIGNING PROCESS OF UCING SUMPUT GAME (RQ1 & RQ2)

Needs analysis was conducted to identify Indonesian students” needs related to their achievement emotions
in doing mathematics activities which had not been stable [14, 15] and Sundanese local wisdom gradually faded
because of incoming foreign cultures, such as Korean, Japanese, Chinese, and Western [25, 26]. A survey
conducted on 150 students at a public senior high school in Bandung City revealed that most of them wanted the

involvement of games in mathematics learning in that it interested and motivated them to learn mathematics
(See FIGURE 4).

Playing Games | NN 7 0%
Watching Videos | INIIE 15%

Using Module I 2%
Sing a Song - 6%
Applying History Telling - 5%
Doing Project ] 2%
0% 10% 20% 30% 40% 50% 60% 70% 80%

FIGURE 4. Students’ response regarding interesting activities in mathematics learning.

Additionally, many students relatively selected digital games consisting of Android-based games, web-based
games, virtual games, and computer games because they always bring a smartphone when attending math class
(See FIGURE 5). Consequently, they can use it to play games during mathematics learning. Moreover, Sundanese
local wisdom is an important part to be included in mathematics activities because its existence in Sundanese
youngers, including students gradually faded in the last two decades [22, 47]. Traditional games (e.g., Oray-
Orayan, Hahayaman, Ucing Sumput, Engklek, Gatrik, Boi-Boian, Galah Asin, Congklak, Egrang, and Endog-
Endogan) are one of the main forms of Sundanese local wisdom. Ucing Sumput, one of the Sundanese traditional
games, has extremely not been popular in the community of West Java people [24]. Therefore, the present study
develops Ucing Sumput as a digital educational game projected to increase students' positive emotions and
decrease students' negative emotions in attending math class and taking math exams. Indirectly, the elaboration
between this game and the mathematics learning environment strengthens and sustains the existence of
Sundanese local wisdom for students in academic settings.

Virtual Games I 2%
‘Web-Based Games _ 20%
Traditional Games _ 15%
Computer Games - 8%

0% 10% 20% 30% 40% 50% 60%

FIGURE. 5. Students’ response regarding game types in mathematics activities.

Furthermore, the designing process of Ucing Sumput as a digital educational game used Construct 2 software.
Some literature states that Construct 2 is an HTML5-based game creation tool specifically for the 2D platform
developed by Scirra [106-108]. In Construct 2 software, this software did not use a special programming language
because all the commands used in the game are arranged in an even sheet consisting of events and actions.
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FIGURE 6-a. Game cover FIGURE 6-b. Game literacy FIGURE 6-c. Game instruction

Generally, the Ucing Sumput game in the digital version was characterized by players (P), cats (C), traps (T),
and maps (M). Several characters, such as cats, traps, and maps were located in the boxes in which the player
had to solve mathematics problems regarding enumeration rules and the probability of compound events to open
the boxes. Algorithmically, the Ucing Sumput game consisted of (1) game cover, (2) game literacy, (3) game
instructions, (4) game level, (5) a map of cat position, and (6) game area. Specifically, every phase of this game is
explained in the following paragraph.

The first view of the Ucing Sumput game in the digital version was started by the cover game (See FIGURE
6a). This cover illustrated the real form of the Ucing Sumput game in the daily life of the Sundanese community.
The next slide was related to game literacy which described the information of Ucing Sumput as a Sundanese
traditional game (See FIGURE 6b). This literacy helped players to learn information regarding the Ucing Sumput
game. Then, the next screen was related to game instructions which explained the rules and steps of playing this
game (See FIGURE 6c). As a consequence, players knew how to play the Ucing Sumput game. One of the
substantial instructions of this game was that a player use the navigation on the touch screen of the smartphone
in moving to left, right, top, or bottom. Additionally, a player tapped the black button to solve a mathematics

problem.
' Find the location of the cat I
according to the following clues

tap to continue

FIGURE 7-a. Game level FIGURE 7-b. Math problems FIGURE 7-c. Map of cat position
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Furthermore, a player selected the level of the Ucing Sumput game consisting of three levels (See FIGURE 7a).
In detail, the first level consisted of five cats and five traps whereby a player had 15 minutes to find the cats. If a
player was successful in finding a cat, he/she got two points but if he/she found a trap, his/her point was
subtracted by one point. The second level consisted of ten cats and five traps in which a player had 20 minutes
to find the cats. If a player was successful in looking for a cat, he/she got three points but if he/she found a trap,
his/her point was subtracted by two points. The third level consisted of 15 cats and five traps whereby a player
had 25 minutes to find the cats. If a player was successful in finding a cat, he/she got four points but if he/she
found a trap, his/her point was subtracted by three points. Consequently, to accurately find the position of cats,
a player had to carefully read a map of cat positions (See FIGURE 7c). To get the map, a player had to correctly
solve a mathematics problem in a box (See FIGURE 7b). The mathematics problem was related to enumeration
rules or probability of compound events.

After a player carefully read the map of cat positions, he/she started to find the cats in a variety of rooms in
the home (See FIGURE 8a). He/she was able to move left, right, top, or bottom in looking for cats using the
navigation. When a player is confident with the position of a cat, he/she does a double tap of the black button to
appear a mathematics problem (See FIGURE 8b).

If a player was correct in answering the problem, he/she got the points but if a player was incorrect in
answering the problem, the slide of a mathematics problem was closed automatically and he/she initiated to find
other cats with the easy problem. If a player had found all of the cats or the time was over, he/she got the total
point which showed his/her performance in each level (See FIGURE 8c). Then, a player was going to back to the
slide of the game level to do the next level using the given button.

Four male students and three

female students are standing
ina line.
The number of ways for the
three female students to
stand next to each other in

the line is... j——
(UM UGM 2816) E

“DOUBLE TAP™
TO ANSWER

L1 g

FIGURE 8-a. Game area FIGURE 8-b. Math problem FIGURE 8-c. Total point of game

2. VALIDATION AND PRACTICALITY OF UCING SUMPUT GAME (RQ3 & RQ 4)

The prototype of Ucing Sumput as a digital educational game has been validated by three experts in educational
technology, mathematics content & Sundanese culture, and the Indonesian language. The aspects validated by
them consisted of the operating system, game contents, Indonesian language, and design and graphics (See Table
7). From Table 7, it can be stated that overall, the prototype of Ucing Sumput as a digital educational game was
valid. Particularly, some aspects of the Ucing Sumput game consisting of the operating system (e.g., the easy use
of the operating system), Indonesian language (e.g., standardization and suitability of the language), and design
and graphics (e.g., the selection of letters, layer design, character/illustrator design, music design, and layout of
game contents) had been valid. Moreover, the contents of the Ucing Sumput game (e.g., clarity and suitability to
learning substance and suitability to learning purpose) had been very valid. It shows that generally, this prototype
has been eligible to be continued in limited trials
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Table 7. The validation of Ucing Sumput game.

No Indicator Average Score Category
1 The easy use of the operating system 3.75 Valid

2 Clarity and suitability to the learning substance 417 Very Valid

3 Suitability to learning purpose 4.00 Very Valid
4 Standardization and suitability of the language 3.89 Valid

5 The selection of letters 4.00 Very Valid

6 The selection of layer design 422 Very Valid

7 The selection of character/illustrator design 4.33 Very Valid
8 The selection of music design 3.33 Valid
9 The layout of game contents 3.78 Valid
Overall Average Score 3.94 Valid

Students' responses regarding the practicality of the Ucing Sumput game in mathematics direct instruction
using a questionnaire showed that the overall average score of 16 given statements responded by students was
3.95 (See Table 8). This score interprets that the Ucing Sumput game is practical to be utilized in the mathematics
learning environment.

Table 8. The practicality of Ucing Sumput game.

No Statements Average Score Category
1 The Ucing Sumput game is easy to be accessed online on the website 391 Practical
2 The Ucing Sumput game is practical to use on Android-based smartphones 4.06 Very Practical
3 This game contains a feature of Ucing Sumput literacy 4.18 Very Practical
4 Ucing Sumput game contains a feature of rules or playing steps 4.24 Very Practical
5 Ucing Sumput game contains a feature of challenging math problems 4.06 Very Practical
6 The graphical display on the Ucing Sumput game is interesting 3.94 Practical
7 The font size in the Ucing Sumput game is proportional 3.88 Practical
8 The presentation of 1nstrumental. music in the Ucing Sumput game 380 Practical
motivates
9 The color combination in the Ucing Sumput game is attractive 3.76 Practical
10 The redaction of Ucing Sumput literacy is easy to understand 3.79 Practical
11 The redaction of rules or steps in the Ucing Sumput game is easy to 391 Practical
understand
12 The redaction of math problems in the Ucing Sumput game is easy to 400 Very Practical
understand
13 Features in the Ucing Sumput game are complete and well-structured 3.88 Practical
14 Literacy feature strengthens my knowledge about Ucing Sumput 3.97 Practical
15 Playing activities challenge me to solve math problems 3.97 Practical
16 Playing activities stimulates me to be excited or motivated 3.82 Practical
Overall Average Score 3.95 Practical

Additionally, some suggestions of students towards Ucing Sumput as a digital educational game are shown
in FIGURE 9. From FIGURE 9, it can be stated that there were some suggestions from students to the Ucing
Sumput game, such as rechecking error system, adding the illustration of game instructions, explaining correct
answer of a math problem, adding next game levels, making math problems easier, designing to be multiplayer,
making available to play in offline, making rooms of cats more various, developing animation, song, and playing
algorithm, making character colors more interesting, enlarging zoom screen, and providing rewards for the
player. Moreover, most of the students suggested interesting character colors and a large zoom screen. All of the
suggestions, however, helped us to revise and develop the Ucing Sumput game to be the best product of
educational technology in mathematics learning.
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FIGURE 9. Students’ sug

gestions regarding Ucing Sumput game.

3. THE EFFECTIVENESS OF UCING SUMPUT GAME IN STABILIZING STUDENTS MATHEMATICS

ACHIEVEMENT EMOTIONS (RQ5 & RQ6)

Students’ achievement emotions (e.g., enjoyment, pride, anger, anxiety, shame, hopelessness, boredom, hope,
contentment, and relaxation) in doing mathematics activities before and after the intervention conducted in
experimental class (Ucing Sumput game-assisted mathematics direct direction) and control class (mathematics

direct instruction) are shown in Table 9.

Table 9. Students’ achievement emotions in doing mathematics activities.

Intervention Achievement Emotions Mean DS N Category
Ucing Sumput Game-Assisted Mathematics Direct Instruction
Pre-Emotions Enjoyment 21.65 391 34 Moderate
Pride 12.59 3.18 34 Moderate
Hope 12.32 2.48 34 Moderate
Contentment 8.97 2.29 34 Moderate
Relaxation 9.76 2.86 34 Moderate
Positive Emotions 65.29 9.97 34 Moderate
Anger 20.06 2.24 34 High
Anxiety 32.18 2.53 34 Moderate
Shame 16.76 2.06 34 Moderate
Hopelessness 11.85 1.26 34 Moderate
Boredom 16.24 1.62 34 Moderate
Negative Emotions 97.09 4.69 34 Moderate
Post-Emotions Enjoyment 30.44 3.91 34 High
Pride 17.62 2.00 34 High
Hope 17.71 1.80 34 High
Contentment 13.44 1.50 34 High
Relaxation 17.47 1.98 34 High
Positive Emotions 96.68 9.43 34 High
Anger 16.59 3.19 34 Moderate
Anxiety 18.53 411 34 Low
Shame 9.97 2.44 34 Low
Hopelessness 6.03 1.96 34 Low
Boredom 10.41 2.52 34 Low
Negative Emotions 61.53 8.79 34 Low
Mathematics Direct Instruction
Pre-Emotions Enjoyment 25.00 3.74 33 Moderate
Pride 14.48 2.54 33 High
Hope 14.64 2.38 33 High
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Contentment 10.39 2.59 33 Moderate
Relaxation 12.09 3.52 33 Moderate
Positive Emotions 76.61 10.77 33 Moderate
Anger 10.21 2.33 33 Low
Anxiety 27.82 7.30 33 Moderate
Shame 13.52 5.09 33 Low
Hopelessness 7.73 3.94 33 Low
Boredom 12.12 4.35 33 Low
Negative Emotions 71.39 19.51 33 Low
Post-Emotions Enjoyment 25.76 4.57 33 Moderate
Pride 14.00 3.36 33 Moderate
Hope 15.55 2.54 33 High
Contentment 10.94 2.73 33 Moderate
Relaxation 13.21 3.44 33 Moderate
Positive Emotions 79.45 12.87 33 Moderate
Anger 15.94 3.17 33 Moderate
Anxiety 23.58 7.97 33 Low
Shame 11.82 4.61 33 Low
Hopelessness 7.12 3.68 33 Low
Boredom 11.82 3.73 33 Low
Negative Emotions 70.27 17.63 33 Low

DS = Deviation Standard; N = Sample Size

From Table 9, it can be shown that using Ucing Sumput game-assisted mathematics direct instruction,
students’ positive emotions (e.g., enjoyment, pride, hope, contentment, and relaxation) in doing mathematics
activities increased from moderate level to high level, whereas students' negative emotions (e.g., anger, anxiety,
shame, hopelessness, and boredom) in doing mathematics activities decreased from moderate level to low level.
Meanwhile, when implementing mathematics direct instruction, students' positive and negative emotions in
attending math class and taking math exams were relatively stagnant. This indicates that there is an effective
intervention of Ucing Sumput game-assisted mathematics direct instruction in increasing students’ positive
emotions and decreasing students’ negative emotions.

To specifically describe the effect of Ucing Sumput as a digital educational game in stabilizing students’
achievement emotions in doing mathematics activities, the unit of effect size in Hedges g was applied (See Table
10).

Table 10. The effect size of Ucing Sumput game on students’ mathematics achievement emotions.

Achievement Emotions Effect Size in g Unit Category
Enjoyment 2.808 [2.137; 3.479] Strong
Pride 1.751[1.192; 2.310] Strong
Hope 1.967 [1.389; 2.546] Strong
Contentment 1.660 [1.109; 2.210] Strong
Relaxation 2.355 [1.736; 2.973] Strong
Positive Emotions 3.683 [2.900; 4.466] Strong
Anger -2.260 [-2.868; -1.651] Strong
Anxiety -1.868 [-2.437; -1.299] Strong
Shame -1.507 [-2.045; -0.969] Strong
Hopelessness -2.382 [-3.004; -1.760] Strong
Boredom -1.956 [-2.534; -1.379] Strong
Negative Emotions -3.792 [-4.589; -2.994] Strong

Table 10 showed that the Ucing Sumput game had a positive strong effect in increasing students' positive
emotions, such as enjoyment, pride, hope, contentment, and relaxation. Moreover, the Ucing Sumput game also
had a strong effect in decreasing students' negative emotions, such as anger, anxiety, shame, hopelessness, and
boredom. This indicates that Ucing Sumput game-assisted mathematics direct instruction had a positive or
negative effect in stabilizing students' achievement emotions in doing mathematics activities.
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Furthermore, to describe the increase in students' positive emotions and the decrease in students' negative
emotions using Ucing Sumput game-assisted mathematics direct instruction, the N-gain value was applied (See
Table 11). From Table 11, it can be stated that Ucing Sumput game-assisted mathematics direct instruction had a
high increase in students' positive emotions and a moderate decrease in students' negative emotions in doing
mathematics activities. Meanwhile, mathematics direct instruction had a low increase in students' positive
emotions and a low decrease in students' negative emotions in attending math class and taking math exams. This
indicates that relatively, the Ucing Sumput game moderately stabilizes students' achievement emotions in doing
mathematics activities.

Table 11. The effect size of Ucing Sumput game on students’ mathematics achievement emotions.

Intervention Achievement Emotions Mean DS N Category
Ucing Sumput Game-Assisted Enjoyment 0.68 0.21 34 Moderate
Mathematics Direct Instruction Pride 0.63 0.39 34 Moderate
Hope 0.69 0.23 34 Moderate
Contentment 0.70 0.33 34 High
Relaxation 0.76 0.19 34 High
Positive Emotions 0.71 0.17 34 High
Anger -0.92 1.72 34 High
Anxiety -0.62 0.29 34 Moderate
Shame -0.55 0.32 34 Moderate
Hopelessness -0.76 0.39 34 High
Boredom -0.44 0.29 34 Moderate
Negative Emotions -0.58 0.21 34 Moderate
Mathematics Direct Instruction Enjoyment 0.07 0.30 33 Low
Pride -0.17 0.69 33 Low
Hope 0.13 0.41 33 Low
Contentment 0.06 0.47 33 Low
Relaxation 0.14 0.50 33 Low
Positive Emotions 0.08 0.28 33 Low
Anger 0.37 0.19 33 Moderate
Anxiety -0.17 0.19 33 Low
Shame -0.15 0.29 33 Low
Hopelessness -0.08 0.19 33 Low
Boredom -0.05 0.22 33 Low
Negative Emotions -0.02 0.11 33 Low

DS = Deviation Standard; N = Sample Size

A paired t-test was applied to examine Ucing Sumput as a digital educational game in increasing students’
positive emotions and decreasing students’ negative emotions in doing mathematics activities (See Table 12).

Table 12. The results of the paired sample t-test.

Intervention Achievement Emotions t-value df Sig. Value
Ucing Sumput Game-Assisted Mathematics Direct Enjoyment 15.846 33 0.000**
Instruction Pride 8.498 33 0.000**
Hope 12.099 33 0.000**
Contentment 10.040 33 0.000**
Relaxation 17.684 33 0.000**
Positive Emotions 21.246 33 0.000**
Anger -4.517 33 0.000**
Anxiety -14.472 33 0.000**
Shame -11.620 33 0.000**
Hopelessness -12.836 33 0.000**
Boredom -10.659 33 0.000**
Negative Emotions -18.480 33 0.000%*
Mathematics Direct Instruction Enjoyment 1.872 32 0.070
170
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Pride -1.016 32 0.317
Hope 2.864 32 0.007*
Contentment 1.557 32 0.129
Relaxation 2.159 32 0.038*
Positive Emotions 2.497 32 0.018*
Anger 9.421 32 0.000**
Anxiety -5.564 32 0.000**
Shame -2.991 32 0.005*
Hopelessness -2.319 32 0.027*
Boredom -0.744 32 0.462
Negative Emotions -1.105 32 0.277

Note: ** < 0.0001; * <0.05

Table 12 showed that Ucing Sumput game-assisted mathematics direct instruction significantly increased
students’ positive emotions (e.g., enjoyment, pride, hope, contentment, and relaxation) and decreased students’
negative emotions (e.g., anger, anxiety, shame, hopelessness, and boredom). Meanwhile, mathematics direct
instructions significantly increased students’ positive emotions but there was no adequate evidence to state that
it significantly decreased students’ negative emotions. This indicates that Ucing Sumput game-assisted
mathematics direct instruction significantly stabilized students” achievement emotions in doing mathematics
activities.

Additionally, an independent t-test was applied to examine the different increases and decreases of
achievement emotions in doing mathematics activities between students who studied using Ucing Sumput game-
assisted mathematics direct instruction and students who studied using mathematics direct instruction (See Table
13).

Table 13. The results of the independent sample t-test.

Achievement Emotions t-value df Sig. Value
Enjoyment 9.621 65 0.000**
Pride 5.913 65 0.000**
Hope 6.940 65 0.000**
Contentment 6.419 65 0.000%**
Relaxation 6.802 65 0.000**
Positive Emotions 11.041 65 0.000%**
Anger -4.255 65 0.000**
Anxiety -7.635 65 0.000**
Shame -5.365 65 0.000**
Hopelessness -9.208 65 0.000**
Boredom -6.196 65 0.000%**
Negative Emotions -13.368 65 0.000**

Note: **<0.0001

From Table 13, it can be stated that there was a significantly different increase of positive emotions in doing
mathematics activities between students who studied using Ucing Sumput game-assisted mathematics direct
instruction and students who studied only using mathematics direct instruction. Moreover, there was also a
significantly different decrease in negative emotions in attending math class and taking math exams between
students who studied using Ucing Sumput game-assisted mathematics direct instruction and students who
studied only using mathematics direct instruction. This provides strong evidence that Ucing Sumput as a digital
educational game can significantly stabilize students’ achievement emotions in doing mathematics activities.

V. DISCUSSION

1. UCING SUMPUT GAME AND ACHIEVEMENT EMOTIONS IN DOING MATHEMATICS ACTIVITIES
Students’ needs related to interesting and motivating mathematics learning initiate this study to develop and
produce an educational game because it can make students joyful and happy in attending math class [27].
Moreover, to play on mobile, the educational game is designed digitally for Android system-based smartphones
using Construct 2 software. Gilski and Stefanski [30] stated that digital educational game makes students more
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flexible and mobile in playing it in academic settings. Additionally, the existence of Sundanese local wisdom,
including traditional games like Ucing Sumput in young generations gradually faded in the last decade [22, 47].
As a consequence, the context of the digital educational game designed in this studys adapts Sundanese local
wisdom. Furthermore, Ucing Sumput as a digital educational game has some characters, such as player (P), cat
(C), trap (T), and map (M). Specifically, the characters, such as cats, traps, and maps are located in the boxes
whereby the player has to solve a math problem to open the box. The Ucing Sumput game consists of a game
cover, game literacy, game instruction, game level, a map of the cat's position, and a game area. Systematically,
this game starts from the game cover to the game area.

Substantially, Branch [84] explained that a developmental prototype, including the Ucing Sumput game, is
required to be validated by experts and pass through some limited trials before the prototype is utilized in
academic settings, such as mathematics learning. The prototype of Ucing Sumput as a digital educational game
has overall been valid. Particularly, several aspects of this game, such as the operating system, Indonesian
language, and design and graphics have been valid. Moreover, the contents of the Ucing Sumput game have been
very valid. This shows that the prototype of the Ucing Sumput game has been eligible to be conducted in limited
trials. The process of the limited trial revealed that overall, Ucing Sumput as a digital educational game is
practical to be utilized in mathematics instruction. This interprets that the operating system, features, redactions,
design, and graphics of the Ucing Sumput game are practical to be used by users, such as teachers and students
in mathematics learning. There, however, are some suggestions (e.g., making character colors more interesting
and enlarging the zoom screen) from students to revise and re-develop the Ucing Sumput game to the best
technological product in mathematics instruction.

Moreover, Branch [84] stated that the effectiveness of an educational prototype or product projected to the
cognitive, affective, or psychomotor dimension is an essential aspect of the developmental phase. The prototype
of the Ucing Sumput game in this study is projected to stabilize students’ achievement emotions in doing
mathematics activities. In the literature, Suparman et al. [3] explained that the condition of students’ stable
achievement emotions is represented by the increase in students' positive emotions and the decrease in students'
negative emotions. Descriptively, this study reveals that students’ positive emotions (e.g., enjoyment, pride,
hope, contentment, and relaxation) increased from moderate to high levels while students' negative emotions
(e.g., anger, anxiety, shame, hopelessness, and boredom) decreased from moderate to low level in attending math
class and taking math exam. Additionally, this study shows that the Ucing Sumput game had a positive strong
effect in increasing students' positive emotions and a negative strong effect in decreasing students’ negative
emotions. In a meta-analysis study, Lei et al. [29] also reported that digital educational games had a positive
moderate effect (g = 0.526 [0.319; 0.733]) in increasing students' positive emotions and negative moderate effect
(g=-0.517 [-0.709; -0.324]) in decreasing students’ negative emotions. This indicates that the Ucing Sumput game
is an effective treatment to stabilize students” achievement emotions in doing mathematics activities.

Students who studied using Ucing Sumput game-assisted direct instruction had a high increase in positive
emotions and a moderate decrease in negative emotions. Moreover, significantly this treatment increased
students' positive emotions and decreased students' negative emotions in attending math class and taking math
exams. Lei et al. [29] also showed that digital educational games significantly increased students' positive
emotions and decreased students' negative emotions. Additionally, this study has proved that there was a
significantly different increase in positive emotions and a significantly different decrease in negative emotions
between students who studied using Ucing Sumput game-assisted mathematics direct instruction and students
who studied only using mathematics direct instruction. Descriptively, the increase in students' positive emotions
who studied using the Ucing Sumput game was higher than the increase in students' positive emotions who did
not use the Ucing Sumput game. In addition, the decrease in students' negative emotions who studied using the
Ucing Sumput game was also higher than the decrease in students' negative emotions who did not use the Ucing
Sumput game. Chen et al. [28] also stated that gaming activities in educational settings stimulated activating
positive emotions and deactivating negative emotions. This evidence justifies that Ucing Sumput as a digital
educational game is effective in stabilizing students' achievement emotions in mathematics activities.

Several relevant studies revealed that Android-based educational games significantly increased students'
learning interest in mathematics [16, 40, 41, 43, 45]. Additionally, digital educational games can increase students'
learning motivation because they provide interactive, challenging, and fun experiences in the learning process
[68, 69]. Particularly, Suddin and Deda [49] showed that Android-based educational games using Timor local
wisdom motivated and facilitated students in mathematics learning. Students who are interested and motivated
in mathematics learning indicate that they have high positive emotions and low negative emotions [40]. This
means that digital educational games using the Android system can stimulate students to stabilize their
achievement emotions. Moreover, the effectiveness of the Ucing Sumput game in stabilizing students'
achievement emotions indicates that digital educational games can stimulate students to enhance their
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mathematics achievement. Some empirical studies also revealed that Android-based educational games
significantly enhanced students' mathematics achievement [32-35, 39]. This indicates that Ucing Sumput as a
digital educational game can enhance students’ mathematics achievement moderated by the stability of students’
achievement emotions in doing mathematics activities. Therefore, academic settings, including mathematics
learning have to ensure that students” achievement emotions are stable in doing mathematics activities, such as
attending math class, taking math exam, and conducting math homework.

2. IMPLICATIONS TO MATHEMATICS LEARNING

The present study has produced Ucing Sumput as a digital educational game that is valid and practical to be
utilized in mathematics instruction. Descriptively, the Ucing Sumput game has a positive strong effect in
increasing students' positive emotions and a negative strong effect in decreasing students' negative emotions in
doing mathematics activities. Additionally, this study also has proved that the Ucing Sumput game significantly
increases students’ positive emotions and decreases students’ negative emotions in attending math class and
taking math exams. As a consequence, the digital educational game can be an emotional treatment in
mathematics instruction to stabilize students’ achievement emotions. Stable achievement emotions promote
students’ mathematics achievement. Some empirical studies showed that achievement emotions and
mathematics achievement have a significant positive relationship [109-111]. This indicates that achievement
emotions can be a predictor of students' mathematics achievement. This implies that mathematics practitioners,
such as teachers and lecturers must pay attention to the stability of students' achievement emotions in doing
mathematics activities such that they can get the best mathematics achievement in educational settings.

3. LIMITATIONS AND SUGGESTIONS

Limited trials of the Ucing Sumput game involve 34 students who are studying enumeration rules and
probability in which there are 3-5 students who can’t access the Ucing Sumput game on the given website online.
The school institution has provided the service of an internet network for all of the students but they are unable
to connect to the given website (https://game-v3.reedsproject.com/). Additionally, the experimental process to
examine the effectiveness of the Ucing Sumput game in stabilizing students' achievement emotions is only a one-
shot study conducted in mathematics learning applying direct instruction. Consequently, the future experimental
process should be conducted with as many as 3 — 5 shots to investigate the consistency of effectiveness of the
Ucing Sumput game in stabilizing students' achievement emotions in doing mathematics activities. Moreover,
educational practitioners like mathematics teachers have to ensure that every student can access and connect to
the given website using the settled internet network.

VI. CONCLUSION

Indonesian students’ needs regarding interesting and motivated mathematics learning and Sundanese local
wisdom which has gradually faded because of incoming foreign cultures initiate this study to develop and
produce a digital educational game called as Ucing Sumput, including the context of Sundanese culture. The
Ucing Sumput game in digital version is characterized by players (P), cats (C), traps (T), and maps (M). Several
characters, such as cats, traps, and maps are located in the boxes in the player has to solve math problems to open
the boxes. The prototype of the Ucing Sumput as a digital educational game has been valid and practical to be
utilized in mathematics instruction. Moreover, most of the students suggest providing interesting character
colors and a large zoom screen. Significantly, the Ucing Sumput game has a positive strong effect in increasing
students’ positive emotions and a negative strong effect in decreasing students’ negative emotions.
Consequently, the Ucing Sumput as a digital educational game can be one of the effective technological
interventions and utilized by mathematics teachers in mathematics instruction to stabilize students” achievement
emotions in doing mathematics activities.

Funding statement
We are also thankful to the Indonesian Endowment Fund of Education (LPDP) for partial financial support
(Granted Number: SKPB-3939/LPDP/LPDP.3/2023).

Author Contributions

All authors contributed to this developmental study. Suparman: conducting needs analysis, designing the
gaming prototype & instruments, analyzing the data & interpreting it, and writing the original manuscript; Hestu
Tansil La’ia and Alberta Parinters Makur: conducting limited trials & experimental research and collecting the

173
VOLUME 4, No 4, 2024


https://game-v3.reedsproject.com/

QUBAHAN ACADEMIC JOURNAL
VOL. 4, NO. 4, December 2024
https://doi.org/10.48161/qaj.v4n4a808

data; Turmudi: validating and supervising developmental study; Dadang Juandi, Masniladevi, and Yullys Helsa:
reviewing and editing the manuscript.

Conflict of Interest
There is no conflict interest of this study.

Data Availability Statement

To access the data supporting the reported results, this email (arman95@upi.edu) can be contacted.

Acknowledgement

This study greatly appreciates the involvement of the head of an educational institution, mathematics
teachers, and students at a public senior high school in Bandung City who have permitted us to do limited trials
and experimental research related to the Ucing Sumput game and achievement emotions in mathematics
activities.

REFERENCES

1.  Bieleke, M., Goetz, T., Yanagida, T., Botes, E., Frenzel, A. C., & Pekrun, R. (2023). Measuring emotions in mathematics: The Achievement
Emotions Questionnaire —Mathematics (AEQ-M). ZDM - Mathematics Education, 55(2), 269-284.

2. Gur, T, Balta, N., Dauletkulova, A., Assanbayeva, G., & Fernandez-Cézar, R. (2023). Mathematics achievement emotions of high school
students in Kazakhstan. Journal on Mathematics Education, 14(3), 525-544.

3. Suparman, S., Juandi, D., & Herman, T. (2021). Achievement emotions of female students in mathematical problem-solving situations.
Journal of Physics: Conference Series, 1806(1), 1-7.

4. Bekker, C. I, Rothmann, S., & Kloppers, M. M. (2023). The happy learner: Effects of academic boredom, burnout, and engagement. Frontiers
in Psychology, 13, 1-14.

5. Mata, L., Monteiro, V., Peixoto, F., Santos, N. N., Sanches, C., & Gomes, M. (2022). Emotional profiles regarding maths among primary
school children — A two-year longitudinal study. European Journal of Psychology of Education, 37(2), 391-415.

6. Broda, M. D., Ross, E., Sorhagen, N., & Ekholm, E. (2023). Exploring control-value motivational profiles of mathematics anxiety, self-concept,
and interest in adolescents. Frontiers in Psychology, 14, 1-12.

7. Moustakas, D., & Gonida, E. (2023). Motivational profiles of high achievers in mathematics: Relations with metacognitive processes and
achievement emotions. Education Sciences, 13(10), 1-21.

8. Pekrun, R., & Linnenbrink-Garcia, L. (2012). Academic emotions and student engagement. In Handbook of Research on Student Engagement
(pp. 259-282). Springer.

9. Pekrun, R, & Stephens, E. J. (2012). Academic emotions. In APA educational psychology handbook (pp. 3-31). American Psychological
Association.

10. Pekrun, R. (2016). Academic emotions. In Handbook of motivation at school (pp. 1-532). Routledge Taylor & Francis Group.

11. Raccanello, D., Brondino, M., Trifiletti, E., & Shamloo, S. E. (2020). Emotions at primary school: Negative achievement emotions and their
relation with emotional competencies in ethnic minority and majority students. Journal of Community and Applied Social Psychology, 30(4),
441-458.

12.  Adigun, O. T., Kent, C. D., Khanare, F., & Matsie, N. (2024). The effects of rational emotive behavioural and relaxation therapies on
mathematics anxiety among deaf learners. Journal of Research in Special Educational Needs, 24(1), 94-107.

13. Rawlings, A. M., Niemivirta, M., Korhonen, J., Lindskog, M., Tuominen, H., & Mononen, R. (2023). Achievement emotions and arithmetic
fluency — Development and parallel processes during the early school years. Learning and Instruction, 86(June 2022), 101776.

14. Ariati, C., Juandi, D., & Anzani, V. (2022). How do emotional intelligence and self-efficacy predict the mathematics learning achievement of
students during pandemic? AIP Conference Proceedings, 2468(January 2023).

15. Ilyas, M., Marufi, M., Fitriani, F., & Syamsuddin, A. (2020). Integration of emotional intelligence: Effectiveness of cooperative-based
mathematics learning in high school. Universal Journal of Educational Research, 8(12B), 8344-8350.

16. Sutopo, H. (2017). Mobile game developing: Math mobile game learning model. International Journal of Information and Electronics Engineering,
7(2), 62-67.

17. Lichtenfeld, S., Pekrun, R, Marsh, H. W., & Nett, U. E. (2023). Achievement emotions and elementary school children’s academic
performance: Longitudinal models of developmental ordering. Journal of Educational Psychology, 115(4), 552-570.

18. Jenflen, L. (2023). “Name three good things about yourself in mathematics” — An intervention to reduce pre-service teachers’ shame in
mathematics. International Journal of Applied Positive Psychology, 34(1), 1-2.

19. Putwain, D. W.,, & Wood, P. (2023). Anxiety in the mathematics classroom: Reciprocal relations with control and value, and relations with
subsequent achievement. ZDM - Mathematics Education, 55(2), 285-298.

20. Zuchdi, D., & Nurhadi. (2019). Culture-based teaching and learning for Indonesian as a foreign language in Yogyakarta. Cakrawala
Pendidikan, 38(3), 465-476.

21. Saddhono, K., Ridwan, M., Suherman, A., Anwar, K., & Putri, N. Q. H. (2020). The development of interactive e-book of teaching Indonesian
for speaker of other language (TISOL) containing local wisdom with scientific-thematic approach. In Ist International Conference on Industrial
Revolution 4.0 and Its Application in Science, Technology, Engineering, Education, and Mathematics ICSTEEM 2019 and 3rd Global Research on
Sustainable Transport and Logistics, Grostlog 2019), 1573(1).

174
VOLUME 4, No 4, 2024



QUBAHAN ACADEMIC JOURNAL
VOL. 4, NO. 4, December 2024
https://doi.org/10.48161/qaj.v4n4a808

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Albantani, A. M., & Madkur, A. (2018). Think globally, act locally: The strategy of incorporating local wisdom in foreign language teaching
in Indonesia. International Journal of Applied Linguistics and English Literature, 7(2), 1-8.

Nugraha, S. A, Sudiatmi, T., & Suswandari, M. (2020). Studi pengaruh daring learning terhadap hasil belajar matematika kelas IV [Study
of the effect of daring learning on mathematics learning outcome in fourth grade]. Jurnal Inovasi Penelitian, 1(3), 265-276.

Giwangsa, S. F., & Novianti, P. R. (2019). Implementasi model pembelajaran Ucing Sumput untuk pembentukan karakter kemandirian
dalam pembelajaran IPS [Implementation of Ucing Sumput learning model to build self-regulated learning in social science learning].
EduHumaniora, 11(2), 148-154.

Haerudin, D. (2020). The role of parents in Sundanese language preservation. Educational Administration Innovation for Sustainable
Development, 178(IColE 2018), 73-80.

Sudaryat, Y., & Nurhadji, J. (2023). The value of local wisdom is love for the environment in Sundanese idiom. Asian Journal of Social Science
and Management Technology, 5(2), 2313-7410.

Alcaraz-Mufioz, V., Cifo Izquierdo, M. I, Gea Garcia, G. M., Alonso Roque, J. I, & Yuste Lucas, J. L. (2020). Joy in movement: Traditional
sporting games and emotional experience in elementary physical education. Frontiers in Psychology, 11, 1-11.

Chen, S., Jamiatul Husnaini, S., & Chen, J. J. (2020). Effects of games on students’ emotions of learning science and achievement in chemistry.
International Journal of Science Education, 42(13), 2224-2245.

Lei, H., Wang, C., Chiu, M. M., & Chen, S. (2022). Do educational games affect students” achievement emotions? Evidence from a meta-
analysis. Journal of Computer Assisted Learning, 38(4), 946-959.

Gilski, P., & Stefanski, J. (2015). Android OS: A review. TEM Journal, 4(1), 116-120.

Haris, M., Jadoon, B., Yousaf, M., & Khan, F. H. (2018). Evolution of android operating system: A review. Asia Pacific Journal of Contemporary
Education and Communication Technology, 4(1), 178-188.

Fambhas, R. H., & Qohar, A. (2023). Android based travel game media development on the topic of two-variables linear equation. AIP
Conference Proceedings, 2491, 1-7.

Mahyudji, R., & Qohar, A. (2022). Developing android games-based mathematics instructional media on the topic of one variable linear
equation. AIP Conference Proceedings, 2468, 1-7.

Qohar, A., Susiswo, Nasution, S. H., & Adem, A. M. G. (2019). Android-based mathematics learning games that are interesting for junior
high school students. Journal of Physics: Conference Series, 1227(1).

Qohar, A, Susiswo, Nasution, S. H., & Wahyuningsih, S. (2021). Development of android-based mathematics learning game on the topic of
congruence and similarity. International Journal of Interactive Mobile Technologies, 15(9), 52—69.

Rahayu, M. S. I, & Kuswanto, H. (2021). The effectiveness of the use of the android-based carom games comic integrated to discovery
learning in improving critical thinking and mathematical representation abilities. Journal of Technology and Science Education, 11(2), 270-283.
Rahmawati, I, & Ariyanti, S. D. (2020). An android based game for children to learn fraction. In The 3rd International Conference on Education
Innovation, 387, 226-231.

Rahmawati, I, & Mahmudha, I. F. (2022). Gotakur: An android-based game for children to learn addition and subtraction arithmetic
operations. Proceedings of the International Joint Conference on Arts and Humanities 2021 (IJICAH 2021), 618(I]CAH), 1223-1229.

Sulistio, W., & Qohar, A. (2020). Development of instructional media “game math comic story” based android on number. Journal of Education
Research and Evaluation, 4(2), 109-113.

Jordy, R. J., Marcos, H., Wijaya Kusuma, J., Intan Surya Saputra, D., & Purwadi, P. (2023). Game design documents for mobile elementary
school mathematic educative games. Journal of Soft Computing Exploration, 4(2), 69-78.

Kartika, Y., Wahyuni, R., Sinaga, B., & Rajagukguk, J. (2020). Design adventure education mathematics game to improve the ability of
creative thinking in mathematics. International Journal for Educational and Vocational Studies, 2(12), 1042-1048.

Puspitaningrum, A., & Wijaya, A. (2023). Android-based educational game: The design to improve students’ understanding in learning
geometry. Instructional Media for Mathematics, 1(1), 38-47.

Puspitasari, N., & Wahyudi, M. H. (2022). Mathematics learning application in the form of android-based educational games at Pancasila 4
Pracimantoro Junior High School. International Journal of Computer and Information System (IJCIS), 3(4), 163-170.

Setiyani, Ferdianto, F., Meidasari, R., & Sagita, L. (2019). Designing educational game android to improve mathematical understanding
ability on fraction. Journal of Physics: Conference Series, 1188(1).

Susanti, V. D., Suprapto, E., & Wardani, Y. A. (2022). Development of android-based edutainment game learning media on Pythagoras
theorem for junior high school students. AL-ISHLAH: Jurnal Pendidikan, 14(3), 3931-3942.

Suprayekti, Imbar, K., Nuari, D., Ariani, D., Widyaningrum, R., & Kustandi, C. (2023). Development of android-based gamification learning
media for multiplication material for 3rd grade elementary school students. Jurnal Teknologi Pendidikan, 25(2), 323-333.

Irawan, A. Rahayu, W, & Nuzulah, R. (2023). Penggunaan unsur etnomatematika permainan tradisional Sunda sebagai media
pembelajaran matematika [The use of ethnomathematics in Sundanese traditional game as mathematics learning media]. JMPM: Jurnal
Matematika Dan Pendidikan Matematika, 8(1), 46-56.

Suddin, S., & Deda, Y. N. (2020). Education game based on Timor local wisdom as an android-based mathematics learning media. Al-Jabar:
Jurnal Pendidikan Matematika, 11(2), 227-246.

Pekrun, R., Frenzel, A. C., Goetz, T., & Perry, R. P. (2007). The control-value theory of achievement emotions: An integrative approach to
emotions in education. In Emotion in Education (pp. 1-363). Elsevier Ltd.

Pekrun, R., & Linnenbrink-Garcia, L. (2012). Academic emotions and student engagement. In Handbook of Research on Student Engagement
(pp. 1-840). Springer International Publishing.

Anggraini, G., & Pujiastuti, H. (2020). Peranan permainan tradisional engklek dalam mengembangkan kemampuan matematika di
Sekolah Dasar [The role of Engklel as a traditional game in enhancing mathematics competence in elementary school]. JUMLAHKU:
Jurnal Matematika Ilmiah STKIP Muhammadiyah, 6(1), 66-77.

175

VOLUME 4, No 4, 2024



QUBAHAN ACADEMIC JOURNAL
VOL. 4, NO. 4, December 2024
https://doi.org/10.48161/qaj.v4n4a808

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Asyura, I, Supriadi, I, Jannah, R., Maarif, M., Linda, Munawar, B., & Kamalia, A. S. (2023). Pelatihan permainan tradisional Sunda
Manda sebagai media etnomatematika dan motorik AUD [The practice of Sunda Manda traditional game as ethnomathematics media
and AUD motoric]. Jurnal Pengabdian Kepada Masyarakat, 5(1), 78-85.

Handayani, S. D., & Irawan, A. (2021). Eksplorasi etnomatematika permainan tradisional gatrik [Ethnomathematics exploration of
Gatrik traditional game]. Journal of Academia Perspectives, 1(2), 64-70.

Harahap, N. S, & Jaelani, A. (2022). Etnomatematika pada permainan tradisional Engklek [Ethnomathematics in Engklek traditional
game]. Paradikma: Jurnal Pendidikan Matematika, 4(2), 86-90.

Irawan, A., Rahayu, W., & Nuzulah, R. (2023a). Design and build of android-based mathematics learning media with traditional game
ethnomatics approach. AIP Conference Proceedings, 1734, 1-7.

Masduki, L. R,, & Kurniasih, E. (2017). Pengembangan model permainan tradisional Sunda Manda dalam meningkatkan multiple
intelegensi siswa dan mahasiswa [Development of Sundanese traditional game model in enhancing multiple intelligence of students
and college students]. JIPMat, 2(2), 164-169.

Rahmawati, Y., Baeti, H. R, Ridwan, A, Suhartono, S.,, & Rafiuddin, R. (2019). A culturally responsive teaching approach and
ethnochemistry integration of Tegal culture for developing chemistry students’ critical thinking skills in acid-based learning. In A. A.
G,N.A.B.D,W.I,D. A. A, & A. C. U. (Eds.), 4th Annual Applied Science and Engineering Conference, AASEC 2019 (Vol. 1402, pp. 1-7).
Tjahyaningsih, R., Yunica, W., Dtakiyatuddaaimah, & Saleha, E. R. (2023). Pengaruh permainan tradisional Ucing-Ucingan terhadap
keterampilan gerak manipulatif pada anak usia 5-6 tahun di Paud Al-Dzakwan [The effect of Ucing-Ucingan traditional game on
manipulative movement skills on early childhoods]. Jurnal llmiah Hospitality, 12(1), 83-90.

Zulfa, N., & Rahmansyah, A. (2020). Perancangan storyboard animasi 2D “Hong” untuk mengenalkan nilai-nilai dalam permainan
tradisional Ucing Sumput [Storyboard design of “Hong” 2D animation to introduce values in Ucing Sumput traditional game]. E-
Proceeding of Art and Design, 7(2), 2415-2420.

Jatmiko, M. A., Herman, T., & Dahlan, J. A. (2021). Desain didaktis materi kaidah pencacahan untuk Siswa SMA kelas XI [Didactical
design of enumeration rules for eleventh-grade students]. Hipotenusa Journal of Research Mathematics Education (HIRME), 4(1), 35-54.
Meriza, D., Zulkardi, Z., & Susanti, E. (2023). Kemampuan berpikir kreatif matematis konteks monpera pada materi kaidah pencacahan
[Mathematical creative thinking using Monpera context at the topic of enumeration rules]. Delta-Pi: Jurnal Matematika Dan Pendidikan
Matematika, 12(1), 38-50.

Salamah, D. P., & Amelia, R. (2020). Analisis kesalahan berdasarkan Newman error analysis terhadap materi peluang kejadian majemuk
ditinjau dari gender dan self confidence pada siswa kelas XII SMK di Bandung Barat [Error analysis using Newman error framework at
probability of compound events]. Jurnal Pembelajaran Matematika Inovatif, 3(4), 273-284.

Vulandari, R. T., & Pamungkas, B. P. (2021). Rancangan aplikasi matematika berbasis Android pada materi kaidah pencacahan dan
peluang kejadian majemuk [Design of Android-based mathematics application on the topic of enumeration rules and probability of
compound events]. Euclid, 8(2), 83-102.

Fokides, E. (2018). Digital educational games and mathematics: Results of a case study in primary school settings. Education and
Information Technologies, 23(2), 851-867.

Jensen, E. O., & Skott, C. K. (2022). How can the use of digital games in mathematics education promote students’ mathematical
reasoning? A qualitative systematic review. Digital Experiences in Mathematics Education, 8(2), 183-212.

Vanbecelaere, S, Van den Berghe, K., Cornillie, F., Sasanguie, D., Reynvoet, B., & Depaepe, F. (2020). The effects of two digital
educational games on cognitive and non-cognitive math and reading outcomes. Computers and Education, 143, 103680.

Fadda, D., Pellegrini, M., Vivanet, G., & Callegher, C. Z. (2022). Effects of digital games on student motivation in mathematics: A meta-
analysis in K-12. Journal of Computer Assisted Learning, 38(1), 304-325.

Yong, S. T., Gates, P., & Harrison, 1. (2016). Digital games and learning mathematics: Student, teacher and parent perspectives.
International Journal of Serious Games, 3(4), 55-68.

Byun, J., & Joung, E. (2018). Digital game-based learning for K-12 mathematics education: A meta-analysis. School Science and
Mathematics, 118(3), 113-126.

Moyer-Packenham, P. S., Lommatsch, C. W, Litster, K., Ashby, J., Bullock, E. K., Roxburgh, A. L., Shumway, J. F., Speed, E., Covington,
B., Hartmann, C., Clarke-Midura, J., Skaria, J., Westenskow, A., MacDonald, B., Symanzik, J., & Jordan, K. (2019). How design features
in digital math games support learning and mathematics connections. Computers in Human Behavior, 91, 316-332.

Hwa, S. P. (2018). Pedagogical change in mathematics learning: Harnessing the power of technology and game-based learning.
Educational Technology and Society, 21(4), 259-276.

Kim, S., Chang, M., Deater-Deckard, K., Evans, M. A., Norton, A., & Samur, Y. (2017). Educational games and students’ game
engagement in elementary school classrooms. Journal of Computers in Education, 4(4), 395-418.

Laine, T. H. (2018). Mobile educational augmented reality games: A systematic literature review and two case studies. Computers, 7(1),
1-28.

Molnar, A., & Frias-Martinez, V. (2011). EducaMovil: Mobile educational games made easy. World Conference on Educational Multimedia,
Hypermedia & Telecommunications, 3684-3689.

Chou, Y. S., Hou, H. T,, Chang, K. E., & Su, C. L. (2021). Designing cognitive-based game mechanisms for mobile educational games to
promote cognitive thinking: An analysis of flow state and game-based learning behavioral patterns. Interactive Learning Environments,
31(5), 3285-3302.

Koutromanos, G., & Avraamidou, L. (2014). The use of mobile games in formal and informal learning environments: A review of the
literature. Educational Media International, 51(1), 49-65.

Papadakis, S., & Kalogiannakis, M. (2017). Mobile educational applications for children: What educators and parents need to know.
International Journal of Mobile Learning and Organisation, 11(3), 256-277.

176

VOLUME 4, No 4, 2024



QUBAHAN ACADEMIC JOURNAL
VOL. 4, NO. 4, December 2024
https://doi.org/10.48161/qaj.v4n4a808

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.
104.
105.
106.
107.
108.

109.

110.

111.

Ribeiro, F. R, Silva, A., Silva, A. P., & Metrdlho, J. (2021). Literature review of location-based mobile games in education: Challenges,
impacts, and opportunities. Informatics, 8(3), 1-16.

Stockard, J., Wood, T. W., Coughlin, C., & Rasplica Khoury, C. (2018). The effectiveness of direct instruction curricula: A meta-analysis
of a half century of research. Review of Educational Research, 88(4), 479-507.

Ewing, B. (2011). Direct instruction in mathematics: Issues for schools with high indigenous enrolments: A literature review. Australian
Journal of Teacher Education, 36(5), 64-91.

McMullen, F., & Madelaine, A. (2014). Why is there so much resistance to Direct Instruction? Australian Journal of Learning Difficulties,
19(2), 137-151.

Eppley, K., & Dudley-Marling, C. (2019). Does direct instruction work?: A critical assessment of direct instruction research and its
theoretical perspective. Journal of Curriculum and Pedagogy, 16(1), 35-54.

Branch, R. M. (2010). Instructional design: The ADDIE approach. Springer International Publishing.

Yunita, Y., Juandi, D., Hasanah, A., & Suparman. (2022). Meta-analysis study: How effective is a project-based learning model on
students” mathematical problem-solving abilities? AIP Conference Proceedings, 2468, 1-7.

Susiyanti, Y., Juandi, D., & Suparman. (2022). Does project-based learning have a positive effect on students’ mathematical critical
thinking skills? A meta-analysis. AIP Conference Proceedings, 2468, 1-7.

Juandi, D., Tamur, M., Martadiputra, B. A. P., Suparman, & Kurnila, V. S. (2022). A meta-analysis of a year of virtual-based learning
amidst the COVID-19 crisis: Possible solutions or problems? AIP Conference Proceedings, 2468, 1-7.

Suparman, & Juandi, D. (2022). Upgrading mathematical problem-solving abilities through problem-based learning: A meta-analysis
study in some countries. AIP Conference Proceedings, 080017 (December), 1-8.

Helsa, Y., Suparman, Juandi, D., Turmudi, & Ghazali, M. B. (2023). A meta-analysis of the utilization of computer technology in
enhancing computational thinking skills: Direction for mathematics learning. International Journal of Instruction, 16(2), 735-758.
Sulistiawati, Kusumah, Y. S., Dahlan, J. A., Juandi, D., Suparman, & Arifin, S. (2023). The trends of studies in technology-assisted inquiry-
based learning: The perspective of bibliometric analysis. Journal of Engineering Science and Technology, 18(1), 69-80.

Suyanto, E., Fuad, M., Antrakusuma, B., Suparman, & Shidiq, A. S. (2023). Exploring the research trends of technological literacy studies
in education: A systematic review using bibliometric analysis. International Journal of Information and Education Technology, 13(6), 914—
924.

Fuad, M., Suyanto, E., Sumarno, Muhammad, U. A., & Suparman. (2022). A bibliometric analysis of technology-based foreign language
learning during the COVID-19 pandemic: Direction for Indonesia language learning. International Journal of Information and Education
Technology, 12(10), 983-995.

Putra, F. G, Lengkana, D., Sutiarso, S., Nurhanurawati, Saregar, A., Diani, R.,, Widyawati, S., Suparman, Imama, K., & Umam, R. (2024).
Mathematical representation: A bibliometric mapping of the research literature (2013-2022). Infinity: Journal of Mathematics Education,
13(1), 1-26.

Ariani, Y., Suparman, Helsa, Y., Zainil, M., & Rahmatina. (2024). ICT-based or-assisted mathematics learning and numerical literacy: A
systematic review and meta-analysis. International Journal of Information and Education Technology, 14(3), 382-397.

Suparman, Marasabessy, R., & Helsa, Y. (2024). Enhancing spatial visualization in CABRI 3D-assisted geometry learning: A systematic
review and meta-analysis. International Journal of Information and Education Technology, 14(2), 248-259.

Zainil, M., Helsa, Y., Sutarsih, C., Nisa, S., Sartono, & Suparman. (2024). A needs analysis on the utilization of learning management
systems as blended learning media in elementary school. Journal of Education and E-Learning Research, 11(1), 56—65.

Fuad, M,, Suyanto, E., Muhammad, U. A., & Suparman. (2023). Indonesian students’ reading literacy ability in the cooperative integrated
reading and composition learning: A meta-analysis. International Journal of Evaluation and Research in Education, 12(4), 2121-2129.
Tawaldi, S., Nurlaelah, E., Juandi, D., & Suparman. (2023). Is mathematics anxiety related to mathematics learning? A meta-analysis.
MSCEIS 2021, 090044, 1-10.

Juandi, D., Tamur, M., & Suparman. (2023). Formulating best practices for digital game-based learning. MSCEIS 2021, 090003(May), 1-
8.

Smaldino, S. E., Lowther, D. L., & Mims, C. (2019). Instructional technology and media for learning (12th ed.). Pearson Education, Inc.
Bieleke, M., Goetz, T., Yanagida, T., Botes, E., Frenzel, A. C., & Pekrun, R. (2022). Measuring emotions in mathematics: The Achievement
Emotions Questionnaire —Mathematics (AEQ-M). ZDM - Mathematics Education.

Qohar, A., Susiswo, Nasution, S. H., & Wahyuningsih, S. (2021). Development of Android-based mathematics learning game on the
topic of congruence and similarity. International Journal of Interactive Mobile Technologies, 15(9), 52-69.

Azwar, S. (2012). Reliabilitas and validitas [Reliability and validity]. Pustaka Pelajar.

Hake, R. R. (1998). Interactive-engagement versus traditional methods. American Journal of Physics, 66(1), 64-74.

Cohen, L., Manion, L., & Morrison, K. (2018). Research methods in education (8th ed.). Routledge Taylor & Francis Group.

Bura, J. (2014). Construct 2 game development by example: Learn how to make games for multiple platforms with Construct 2. PACKT Publishing.
Dillon, R. (2014). HTML5 game development: From the ground up with Construct 2. Routledge Taylor & Francis Group.

Stemkoski, L., & Leider, E. (2017). Game development with Construct 2: From design to realization. Springer International Publishing.
Forsblom, L., Pekrun, R., Loderer, K., & Peixoto, F. (2017). Cognitive appraisals, achievement emotions, and students’ math achievement:
A longitudinal analysis. Journal of Educational Psychology, 114(2), 346-367.

Peixoto, F., Sanches, C., Mata, L., & Monteiro, V. (2017). “How do you feel about math?”: Relationships between competence and value
appraisals, achievement emotions, and academic achievement. European Journal of Psychology of Education, 32(3), 385-405.

Putwain, D. W., Schmitz, E. A., Wood, P., & Pekrun, R. (2021). The role of achievement emotions in primary school mathematics:
Control-value antecedents and achievement outcomes. British Journal of Educational Psychology, 91(1), 347-367.

Van der Beek, J. P. J., Van der Ven, S. H. G., Kroesbergen, E. H., & Leseman, P. P. M. (2017). Self-concept mediates the relation between
achievement and emotions in mathematics. British Journal of Educational Psychology, 87(3), 478-495.

177

VOLUME 4, No 4, 2024



