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Received 2025-12-05 Revised 2025-12-30 Accepted 2025-12-31 The purpose of this
study is to describe (1) the effectiveness of problem-based learning using Mobile Games;
(2) the effectiveness of conventional learning using Mobile Games; and (3) the
comparative effectiveness between problem-based learning using Mobile Games and
conventional learning using Mobile Games in terms of students' motivation, interest, and
logical-mathematical thinking ability. This research is a quasi-experimental study with a
population of all seventh-grade students at SMP Negeri 1 Minggir, and the sample
comprises classes VIIF and VIIG, each with 31 students. Data were obtained using non-
test and test instruments. The effectiveness of mobile game treatment in each class was
analyzed using t-tests and MANOVA (Hotteling T2). The results of this study show: (1)
problem-based learning using Mobile Games is effective in terms of students' motivation,
interest, and logical-mathematical thinking ability based on questionnaire and post-test; (2)
conventional learning using Mobile Games is effective in terms of students' motivation,
interest, and logical-mathematical thinking ability based on questionnaire and post-test;
and (3) the results of the comparative effectiveness analysis show that problem-based
learning using Mobile Games is more effective compared to conventional learning using
Mobile Games in terms of students' motivation, interest, and logical-mathematical thinking.
Keywords: Interest Logical-mathematical thinking Mobile game Motivation Problem-based
learning Set This is an open-access article under the CC BY-SA license. Corresponding
Author: Nopi Tri Utami Faculty of Mathematics and Natural Sciences, Universitas Negeri
Yogyakarta Email: nopitri.2020@student.uny.ac.id 1. INTRODUCTION Learning and

motivation are interrelated processes. The behavior of learning new knowledge cannot be



carried out unless motivated to do so [1]. Motivated individuals consider a valuable activity
for the future and realize that a skill can be developed through that activity. Adamma et al.
[2] observed that both intrinsic and extrinsic motivation contribute to improving student

academic achievement. Ryan and Deci [3] stated that
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activities carried out “for the individual’s own benefit,” while extrinsic motivation encourages
individuals to engage in activities for external reasons. Learning motivation refers to an
individual’s involvement in beginning to learn or in actively engaging in learning [4]. Factors
that influence learning motivation according to Kilig et al. [5] are: 1) sociocultural factors; 2)
classroom environmental factors, and 3) internal factors. Meanwhile, according to Tin [6],
factors that influence learning motivation include 1) learning and teaching factors; 2)
factors during learning; 3) evaluation factors; 4) environmental and material factors.
Learning motivation factors are used to increase individual effectiveness and efficiency.
The motivation to participate in a learning activity begins with an interest in the activity.
Ainley [7] states that deliberate involvement in an activity with positive feelings is called
interest in learning. Ainley et al. (2002), cited in Putra and Setyaningrum [8], divided
learning interest into three types: individual interest (originating within the individual and
relatively stable); situational interest (influenced by specific environmental factors); and
topic interest (related to a particular topic or subject). Learning interest influences student
performance in learning [9]. Xu [10] investigated and found that students' learning interest
is influenced by teacher feedback quality, classroom management, self-concept,
assignment quality, and learning objectives. Teachers' low competence in mastering
scientific thinking patterns results in low student motivation and interest in learning [11].
Class time allocation that does not provide opportunities for students with low
understanding further reduces motivation and interest in learning [12]. Arum et al. [13] state
that, in addition to motivation and interest in learning, which influence students'

mathematics learning achievement, intelligence categories should also be considered to



support and facilitate the success of the learning process in class. In the 2022 Program for
International Student Assessment (PISA) in mathematics, Indonesia obtained 366 points
(with an average of 358) [14]. In 2018, Indonesia obtained 379 points (with an average of
489 points) [15], down 7 points from the 2015 PISA results, which obtained 386 points
(with an average of 490 points) [16]. The decline in scores and PISA results in 2015 and
2018, which are still below average, indicates that Indonesian students' mathematical
abilities remain low. Only 29% H of Indonesian students (with an average of 76%)
achieved level two or higher proficiency where students can interpret and recognize
without direct guidance and represent simple situations mathematically and 1% of students
(with an average of 11%) scored at level five or higher where students can create
mathematical models of complex situations, choose, compare, and evaluate appropriate
problem-solving strategies in solving mathematical problems [17]. The abstract nature of
objects in mathematics learning makes it difficult for students to understand concepts and
reduces students' interest in learning activities at the next level [4]. Nurlaily [18] stated that
students who tend to memorize formulas and who experience an unsupportive learning
climate often have difficulty developing problemsolving skills. Mathematics instruction that
forces students to memorize formulas and definitions without interpreting them decreases

students' interest in learning [19]. One of
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school level is sets [20]. Sets are a prerequisite for studying probability [21]. The material
on probability and the relative frequency of an event applied to a simple experiment is
included in the minimum criteria for the scope of material at the junior high school level.
Gardner [22], as cited in Tan [23], defines intelligence as the ability to solve problems in
real-world contexts through various ways of thinking. Gardner [24], in Putri and Widjajanti
[25], views intelligence as the ability to create works that have cultural value. One of the
multiple intelligences that plays a role in mathematics learning is logicalmathematical

intelligence. Logical-mathematical intelligence is the ability to “processing” knowledge and



skills that involve logical-mathematical thinking. Muzaky et al. [26] state that logical thinking
is the ability to think coherently based on facts. The stages of logical thinking include
analogy, generalization, and direct proof [27]. Mathematical thinking, according to
Schoenfeld [28] in Miswanto et al. [29], is the process of developing a mathematical point
of view. The stages of mathematical thinking include abstraction, modeling, reasoning,
proof, symbolization, representation, and mathematization [30]. Logical-mathematical
thinking is the activity of processing knowledge by seeking logical patterns and
relationships, making assumptions, and drawing logical conclusions. Individuals with good
logical-mathematical intelligence find it easier BN to understand and solve problems.
Meanwhile, students with low logical-mathematical intelligence find it more difficult to
understand and solve problems [31]. Fatimah et al. [32] concluded that low logical-
mathematical thinking skills, which influence low problem-solving abilities, can be
overcome through meaningful learning by presenting real-life problems. The use of real-life
problems in learning mathematics material aligns with the characteristics of problem-based
learning, which uses problems as a starting point for learning [33]. 4 Constructivist
learning theory, which emphasizes that students investigate the environment and build
meaningful knowledge independently, provides the theoretical basis for problem-based
learning [34]. Ardeniyansah and Rosnawati [35] state that studentcentered learning
involving everyday life problems can stimulate students to learn more actively by finding
solutions to these problems in discussion groups. Real-life problems used in learning can
attract students' interest in learning [4], motivate learning [36], gkl and support student
learning completion [37]. Student creativity pid can also be increased through problem-
based learning by seeking various solutions during the problem-solving process [38].
Moust et al. [39] state that, in problem-based learning, in small collaborative groups,
students are presented with unstructured everyday life problems as a starting point for H
the learning process, discussing the problems under teacher guidance, tentatively
analyzing the problems based on relevant knowledge, reporting the results of the

discussion and evaluating the achievement of understanding of the problem through



independent learning. By working on unstructured problems, students are cultivated to use
various realities, perspectives, and philosophical views rather than a single answer.
Difficulty in determining relevant problems: students are not used to receiving problems

without direction, and limited time allocation for each activity. Problem-based
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teachers find in the classroom [18]. The limited time allocation must be managed for H
activities such as organizing students, guiding groups, and providing feedback on problem-
solving, which is less explored. The integration of mathematical material with various types
of game-based questions helps students understand the material with limited allocation
[19]. Damrongpanit [40] observed that not only can B the use of teaching methods
influence learning achievement, but other factors, including non-academic factors within
students, can also influence it. Educational success H is inseparable from the learning
process, which includes several interrelated components [41]. These components include
teachers, students, objectives, learning materials, media (equipment/facilities), methods or
patterns of delivery, and evaluation of learning. Learning media, as part of the
components of the learning process, are indirectly affected by increasingly advanced
technology, including mobile devices. Figure 1. Mobile device users as of April 2024
(Digital, 2024) Attractive touchscreen interactions and directly accessible interactive
applications are a unique strength in creating opportunities and developing mobile devices
for many education and training programs. The mobile device includes: a personal digital
assistant (PDA), a mobile phone with SMS, a smartphone, a tablet, a game console, an
iPod, and wireless infrastructure [42], [43]. Data Report 2024 [44] shows that mobile device
users as of April reached 69.7% (5.65 billion of the total population), and 11.5% used
mobile devices for games. Applications in the form of games on mobile devices,
adapted to the appropriate delivery pattern, can serve as an efficient learning medium and
be used at school or at home [45]. Bilgin [46] found that a game directed towards learning

objectives can make a positive contribution to students' attitudes and learning motivation



and can help control students' anxiety during learning. Game for learning to facilitate
students in problem solving in students with heterogeneous comprehension abilities
[47]. Usefulness in learning is not supported by teacher enthusiasm for its use. Russo [48]
stated that limited technical experience reduces teachers' interest in developing and
implementing games for learning. Diverse perceptions of the use of learning games

have
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teachers, and parents. The perception tends to be negative among teachers and parents,
due to ignorance of the distinction between game entertainment and game learning [49].
Other challenges, according to Laato et al. [50] and Xie et al. [49], include the availability of
game quality for curricular purposes remaining limited. Designgame still prioritizes
entertainment over learning. The combination of mobile devices and the game application
that accompanies them in the learning environment needs to be considered in terms of
strategic design and pedagogical practices. Integration of mathematical material with
various types of game-based questions can help students understand the material, thereby
increasing their interest or passion for learning [19]. The use of games in learning fosters
situational interest, which, in turn, will influence the growth of relatively stable individual
interest [12]. Game design must consider core competencies and basic competencies
related to the mathematics material to be integrated. Using a learning approach can also
make it easier for teachers to explain and develop teaching materials tailored to learning
objectives. Presenting lesson material in a limited environment, such as a game, does not
necessarily require the use of a particular learning approach. The presentation of the set
material will be packaged as a mobile learning game. Obstacles or barriers in the game,
which were previously designed only for entertainment, will be transformed into everyday
life problems to create meaningful learning that can ultimately maximize learning
objectives. The game “Proadventure,” developed [45] using the guided inquiry learning

method in probability material, shows that acceptance of the game among teachers and



prospective teachers in mathematics learning is quite high. However, students were
hesitant to use games ! in learning and lacked confidence when learning without a
teacher. Fahuzan and Santosa [33] developed the game “The Story of Kuncung: An
Extraordinary Adventure in Learning Arithmetic,” which uses problem-based learning in
social arithmetic material that utilizes narrative flow, making it easier for students to
learn mathematics. However, in this type of adventure game, the results indicate that
female students' learning motivation tends to be low. The sophistication of mobile devices
attracts researchers' interest in designing and implementing problem-based learning
games that utilize everyday life problems related to the set at the start of each game.
Game-based problem-based learning on mobile devices by presenting real problems will
make learning more meaningful. The meaningfulness of learning and fun games is used to
support students' heterogeneous abilities in building learning motivation [33]. The
allocation is controlled by a game designed for ¥ learning activities, which helps students
with low levels of knowledge grasp learning material both inside and outside the
classroom. Solving unstructured everyday-life problems also requires strong logical-
mathematical thinking skills. The game includes challenges and problem-solving strategies
to help students practice logical-mathematical thinking skills. Based on the above
explanation, the researcher intends to conduct research titled "Implementation of Mobile
Game Based Set Problem-based Learning Oriented towards Motivation, Interest, and

Logical-Mathematical Thinking”.
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experimental study. Experimental research is defined as research in which researchers
test whether a treatment affects one group differently from another [51]. The quantitative
research design used is a quasi-experimental (quasiexperiment). In the quasi-experimental
design, researchers use intact groups that have already been formed H and do not
artificially create classes [51]. The quasi-experimental design used in this study is a pre-

and post-test design. Researchers used a pretest to “equalize” class characteristics before



treatment, and a posttest was conducted to measure changes in characteristics after
treatment [51]. The pre- and posttest research design used in this research is
presented in Table 1 below. Table 1. Research design Class Pretest Treatment Posttest
Experiment 1 THE1 Xe1 THEZ2 Experiment 2 THE3 Xe2 THE4 Information: 01 : Pretest of
experimental class 1 02 : Posttest of experimental class 1 03 : Pretest of experimental
class 2 04 : Posttest experimental class 2 Xe1 : Learning using a mobile game-based
problem-based learning for set material Xe2 : Learning using a mobile game based on
conventional learning for set material Looking at Table 1, this study uses two treatments:
mobile game-based problembased learning and mobile game-based conventional learning.
Before treatment, each group was given a pretest to measure motivation, interest [ in
learning, and logicalmathematical thinking skills. After that, the pretest is given good
treatment by using a mobile game-based problem-based learning or a mobile game-based
conventional learning for the set material, and at the end of each class, a posttest is
given. 3. RESULTS AND DISCUSSION 3.1. Results Effectiveness test, mobile game,
carried out in each class, against post-test logicalmathematical thinking, final motivation
score, and final score of student learning interest. Analysis using test value 12.25 for post-
test students' logical-mathematical thinking, test value42 for motivation score, and test
value 49 for student learning interest scores. The following describes H the results of the
hypothesis test for each experimental class. Mobile Game-Based Problem-Based
Learning: Class effectiveness. Mobile gamebased problem-based learning viewed from the
perspectives of mathematical logical thinking, students' motivation, and interest in learning
can be identified by analyzing scores: post-test logical-mathematical thinking, final scores

of students' motivation, and
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test. A one-sample t-test using SPSS 26 is presented in Table 2. Table 2. Results of the
One-Sample t-test for the Problem-based Learning Mobile Game Class Variables t Sig. (2-

tailed) Logical-mathematical thinking 25.449 0.000 Motivation to learn 10.875 0.000



Interest in learning 11.918 0.000 Based on Table 2, it can be seen that the significance
value of the testone sample ttest is less than alpha(a), that is (0,05) for the variables of
logical-mathematical thinking, motivation, and interest in learning students in the class
Mobile game-based problem-based learning. Based on the criteria for concluding, HO is
rejected, so it can be concluded that the class-based mobile game problem-based learning
is effective in improving students' logical-mathematical thinking skills, motivation, and
interest in learning. Class Mobile Game-Based Conventional Learning: Effectiveness.
Mobile gamebased conventional learning, viewed from the perspective of logical-
mathematical thinking, allows students' motivation and interest in learning to be identified
by analyzing post-test logical-mathematical thinking scores and final scores of students’
motivation and interest in learning using a one-sample t-test. A one-sample t-test using
SPSS 26 is presented in Table 3. Table 3. Results of the One-Sample t-test for Mobile
Game Classes Based on Conventional Learning Variables t Sig. (2-tailed) Logical-
mathematical thinking 18.409 0.000 Motivation to learn 5.609 0.000 Interest in learning
7.747 0.000 Based on Table 3, it can be seen that the significance value of the test, the
onesample t-test, is less than alpha (a) (0,05) for the variables of logical-mathematical
thinking, motivation, and interest in learning for students in the class mobile game based
on conventional learning. Based on the criteria for concluding, then HO is rejected, so it can
be concluded that the mobile game class based on conventional learning is effective in
improving students' logical-mathematical thinking skills, motivation, and interest in learning.
Results of the Comparison Test of Effectiveness of the Mobile Game: The effectiveness
difference test was conducted on data collected before and after treatment for the class
mobile game based on problem-based learning and the class mobile game based on
conventional learning. The comparative test of data before treatment BB aims to determine
whether there is a difference in initial abilities between the two classes before treatment is
given. If the initial abilities of the two classes are the same, then the comparative test of
effectiveness in the mobile game uses the post-treatment score to determine which mobile

game is more effective in improving students' logical-
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motivation, and interest in learning. Comparative analysis of the effectiveness of scores
before and after treatment using the MANOVA test with the help of software SPSS
Statistics 26. Results of the comparative analysis of the effectiveness of mobile game-
based problem-based learning and a mobile game based on conventional learning are
shown in Table 4. Table 4. MANOVA Test Results for Data Before Treatment Before
Treatment F Say. Hotteling’s Trace 1.984 0.126 Based on the MANOVA test in Table 4, it
can be seen that the significance value is more than (0.05) so that HO is accepted.
Therefore, it can be concluded that there is no difference in the average initial abilities of
the two classes in terms of logical-mathematical thinking, student motivation, and interest
in learning. The results of the comparison test of the mobile game's effectiveness after
treatment are shown in Table 5. Table 5. MANOVA Test Results for Data After Treatment
Before Treatment F Say. Hotteling’s Trace 14.503 0.000 Based on the output results
software SPSS Statistic 26 in Table 5, it can be seen that the significance value is less
than alpha (a), that is (0,05) so that HO is rejected. This shows that there is a difference in
the average final abilities of students in the two experimental classes in terms of logical-
mathematical thinking, motivation, and student learning interest. Therefore, further testing
is needed to determine which mobile game is more effective for each variable
tested. 3.2. Discussion Effectiveness of Mobile Game-Based Problem-Based Learning
reviewed from the perspective of Learning Motivation, Learning Interest, and Logical-
Mathematical Thinking Ability. Implementation of learning during treatment in the
classroom, mobile game-based problem-based learning, was observed to determine the
extent to which the implementation is effective in the mobile game that has been designed.
Based on the observations, the implementation of classroom learning, mobile game-based
problem-based learning is 100% for teachers and 100% for student activities. The
implementation of learning shows that learning activities are student-centered. The use of

problem-based learning methods and approaches that involve students in games



encourages active involvement in the learning process [52]. Effectiveness testing of mobile
games on students' motivation and interest in learning is based on the final scores for
motivation and interest in learning, while the test of the effectiveness of logical-
mathematical thinking ability is based on ¥ the post-test results. Based on the analysis of

the final scores for learning motivation, learning interest,
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ability, the results indicated that mobile gamebased problem-based learning was effective
in increasing learning motivation, interest in learning, and logical-mathematical thinking
skills. The selection of appropriate learning approaches and methods between the
material and the media used must be considered. Presentation of material using mobile
games with learning methods and approaches; problem-based learning influences
students' motivation and interest in learning and improves learning achievement [53].
Learning activities that are engaging and visually appealing encourage student
involvement. Moust et al. [39] state that problem-based learning uses everyday life
problems as a starting point for the learning process. This encourages students to think
rationally in learning mathematics. Involving games in learning helps students in
transferring knowledge to real life [54]. In addition, the use of Mobile in mathematics
learning improves high-level skills (HOT) abilities and learning motivation, and is effective,
efficient, and interactive [55]. Mathematics learning using a game encourages students to
use problem-solving, reasoning, proving, and transfer skills [56]. Sun et al. [57] found that,
in mathematics learning, achievement can be improved, including problem-solving skills,
algebra, geometry, reasoning, arithmetic, and critical thinking. Based on this, it is proven
that mobile game-based problem-based learning is effective. The set can improve
students' logical-mathematical thinking skills, motivation, and interest in

learning. Effectiveness of Mobile Game Based on Conventional Learning reviewed from
the perspective of Learning Motivation, Learning Interest, and Logical-Mathematical

Thinking Ability Learning during treatment in the classroom and a mobile game based on



conventional learning have been observed, so it can be determined to what extent the
mobile game has been designed. Based on the results of the observations, the
implementation of classroom learning mobile games based on conventional learning
increased the teacher's activity level to 100% and the students' activity level to 90.7%.
Meanwhile, when viewed individually, there was a general trend of improvement from the
first to the third meeting. In terms of teacher learning implementation, the first to third
meetings achieved 100%. Furthermore, in terms of student activity, the first meeting
achieved 72%, and the second to third meetings achieved 100%. Game-based
mathematics instruction can overcome disinterest and encourage student involvement in
learning [58]. Effectiveness testing of mobile games on students' motivation and interest in
learning is based on the final scores for motivation and interest in learning, while the test of
the effectiveness of logical-mathematical thinking ability is based on the post-test results.
Based on the analysis of final scores for learning motivation, learning interest, and post-
test logical-mathematical thinking ability, the results indicated that mobile games based on
conventional learning were effective in increasing learning motivation, learning interest,
and logical-mathematical thinking skills. In mathematics learning, it facilitates students'
connections with one another in competitions, thereby fostering a spirit of learning that
positively influences motivation and interest in learning [59]. Presenting interesting material

in the form of games is
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of challenge, which can positively enhance student involvement in learning. The transier of
knowledge that occurs in games can improve students' mathematical problem-solving
abilities [60]. Based on this, it is proven that mobile games based on conventional learning
can improve students' logical-mathematical thinking skills, motivation, and interest in
learning. Comparison of the Effectiveness of Mobile Game-Based Problem-Based
Learning and Mobile Game Conventional Learning Based on Learning Motivation, Learning

Interest, and Logical-Mathematical Thinking Comparison of effectiveness between class-



based problem-based learning and class-based mobile game-based learning, using
conventional learning, to determine which mobile game is more effective in increasing
students' learning motivation, learning interest, and logical-mathematical thinking. This test
was conducted on the final scores of learning motivation, learning interest, and post-test
students' logical-mathematical thinking abilities. Based on the multivariate mean vector
similarity test of the final scores for learning motivation, learning interest, and post-test
logical-mathematical thinking ability, the results showed a difference in the average vector
between the two experimental classes. Therefore, further testing was carried out to identify
a mobile game that is more effective at increasing students' learning motivation, interest in
learning, and logical-mathematical thinking skills. After further testing, namely independent-
samples t-tests on the posttreatment data, the results indicated that mobile game-based
problem-based learning was more effective than mobile game-based conventional
learning, as assessed from students' learning motivation, learning interest, and logical-
mathematical thinking abilities. P24 If we look at the final scores for students' learning
motivation and learning interest, there are differences of 6.0645 and 8.2903, respectively,
while post-test logicalmathematical thinking ability shows a difference of 1.4193. This
difference shows that the final scores for students' learning motivation, learning interest,
and post-test logicalmathematical thinking skills in the class mobile game-based problem-
based learning are higher than those in the class mobile game-based conventional
learning. Class B8 effectiveness of a mobile game-based problem-based learning,
according to the opinion of Munawaroh et al. [53], states that the use of problem-based
learning in mathematics learning in the form of game-based student-centered learning and
discussion. This statement reinforces the importance of selecting problem-based learning
approaches and methods that appropriately connect the lesson material with the

game. The subject matter presented in the game provides direct feedback [61], allows
students to try tasks multiple times [62], allows students to explore [63], and is interactive
[64]. The presence of challenges in game-based learning motivates and interests students

to learn in new ways [57]. Although games have a positive impact, there are challenges,



namely integrating lesson materials into games using conventional methods and
approaches [65]. Teacher-centered learning limits students' ability to explore learning. This
statement reinforces the analysis that mobile game-based problem-based learning is

more effective than mobile game-based conventional learning.
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of the data analysis and discussion that has been carried out, several conclusions can be
drawn to answer the problem formulation that has been prepared, namely as follows: (1)
Mobile games based on problem-based learning are effective in terms of learning
motivation, learning interest and logical-mathematical thinking ability; (2) Mobile games
based on conventional learning are effective in terms of learning motivation, learning
interest and logical-mathematical thinking ability; (3) Mobile games based on problem-
based learning are more effective than mobile game learning media based on conventional
learning in terms of students' learning motivation, learning interest and logical-
mathematical thinking ability. Furthermore, this study has limitations that are expected to
provide opportunities for other researchers conducting similar research to improve. The
limitation is that it was limited to seventh-grade students at
- and SMP Negeri 1 Minggir. Therefore, the results cannot be generalized more
broadly. This provides an opportunity for other researchers to expand the study
population. REFERENCES [1] M. H. D. Seli Helena, Motivation and Learning Strategies
for College Success A Focus on Self-Regulated Learning, 4th ed. New York, 2016. [2] O.
N. Adamma, O. P. Ekwutosim, and E. C. Unamba, “Influence of Extrinsic and Intrinsic
Motivation on Pupils Academic Performance in Mathematics,” SUME (Supremum J. Math.
Educ., vol. 2, no. 2, pp. 52-59, 2018, doi: 10.35706/sjme.v2i2.1322. [3] R. M. Ryan and E.
L. Deci, “Intrinsic gk and extrinsic motivation from a self-determination theory perspective:
Definitions, theory, practices, and future directions,” Contemp. Educ. Psychol., vol. 61, no.
xxxx, p. 101860, 2020, doi: 10.1016/j.cedpsych.2020.101860. [4] K. D. P. Meke, J.

Jailani, D. U. Wutsqa, and H. D. Alfi, “Problem based learning using manipulative materials



to improve student interest of mathematics learning,” J. Phys. Conf. Ser., vol. 1157, no. 3,
2019, doi: 10.1088/17426596/1157/3/032099. [5] M. E. Kilig, M. Y. Kili¢, and D. Akan,
“Motivation in the classroom,” Particip. Educ. Res., vol. 8, no. 2, pp. 31-56, 2021, doi:
http://dx.doi.org/10.17275/per.21.28.8.2. [6] T. B. Tin, “Stimulating Student Interest in
Language Learning,” in Stimulating Student Interest in Language Learning, 2016. [7] D.
Ainley, M., Hidi, S., Berndorff, “Interest, learning, and the psychological processes that
mediate their relationship,” J. Educ. Psychol., vol. 94, no. 3, pp. 545-561, 2002, doi:
doi:10.1037/0022-0663.94.3.545. [8] 14 . D. P. Putra and W. Setyaningrum, “The effect
of edutainment toward students’ interest in learning mathematics,” J. Phys. Conf. Ser., vol.
1097, no. 1, 2018, doi: 10.1088/1742-6596/1097/1/012120. [9] S. Hashim, A. Masek, B. N.
S. M. Mahthir, A. H. A. Rashid, and D. Nincarean, “Association of interest, attitude and
learning habit in mathematics learning towards enhancing students’ achievement,”
Indones. J. Sci. Technol., vol. 6, no. 1, pp. 113-122, 2021, doi: 10.17509/ijost.v6i1.31526.
[10] J. Xu, “Individual Bl and class-level factors for middle school students’ interest in math
homework,” Learn. Motiv., vol. 72, no. June, p. 101673, 2020, doi:
10.1016/j.Imot.2020.101673. [11] H. Tambunan, B. Sinaga, and W. Widada, “Analysis of
teacher performance to build student interest and motivation towards mathematics
achievement,” Int. J. Eval. Res. Educ., vol. 10, no. 1, pp. 42—47, 2021, doi:
10.11591/ijere.v10i1.20711. [12] C. Y. C. Yeh, H. N. H. Cheng, Z. H. Chen, C. C. Y. Liao,
and T. W. Chan, “Enhancing achievement P8 and interest in mathematics learning through
Math-Island,” Res. Pract. Technol. Enhanc. Learn., vol. 14, no. 1, 2019, doi:
10.1186/s41039-019-0100-9. [13] D. P. Arum, T. A. Kusmayadi, and |. Pramudya,
“Students’ logical-mathematical intelligence profile,” in & Journal of Physics: Conference
Series, 2018, vol. 1008, no. 1, doi: 10.1088/1742-6596/1008/1/012071. [14] T. State, Pisa
2022, vol. 1. 2023. [15] C. E. Summaries, “What Students Know and Can Do,” PISA 2009 a
Glance, vol. |, 2019, doi: 10.1787/g222d18afen. [16] OECD, “PISA 2015 Results in Focus,”
2018. [17] A. W. Khurniawan and G. Erda, “Evaluasi Pisa 2018: Indonesia Perlu Segera

Berbenah,” Vocat. Educ. Policy, White Pap., vol. 1, no. 21, pp. 1-13, 2019. [18] V. A.



Nurlaily, H. Soegiyanto, B. Usodo, Darhim, S. Prabawanto, and B. E. Susilo, “Elementary
school teacher’s obstacles in the implementation of problem-based learning model in

mathematics learning,” Int. J. Instr., vol. 13,

https://doi.org/10.58421/misro.v4i4.980 1562 no. 2, pp. 229-238, 2020, doi:
10.22342/jme.10.2.5386.229-238. [19] W.-H. Chao, C.-Y. Yang, S.-M. Hsien, and R.-C.
Chang, “Using Mobile Apps to Support Effective Game-Based Learning in the Mathematics
Classroom,” Int. J. Inf. Educ. Technol., vol. 8, no. 5, pp. 354-357, 2018, doi:
10.18178/ijiet.2018.8.5.1062. [20] Permendikbud, “Permendikbud Rl Nomor 37 tahun
2018,” JDIH Kemendikbud, vol. 2025, pp. 1-527, 2018. [21] Permendikbud,
“Permendikbud RI Nomor 7 tahun 2022,” JDIH Kemendikbud, pp. 6-8, 2022. [22] H.
Gardner, Frames of mind: The theory of multiple intelligences. New York, 1983. [23] O.-
S. Tan, Problem-Based Learning Innovation: Using Problems to Power Learning in the
21st Century. Seng Lee Press, 2003. [24] H. Gardner, “Frames of Minds: The Theory of
Multiple Intelligences,” in NY: Basic Books, New York, 2011, p. 529. [25] D. A. Putri and D.
B. Widjajanti, “Improving Students’ Mathematical Literacy Skills Through Multiple
Intelligences Approach in Problem Based Learning,” J. Phys. Conf. Ser., vol. 1397, no. 1,
pp. 07, 2019, doi: 10.1088/1742-6596/1397/1/012094. [26] A. F. Muzaky, W. Sunarno,
and Harjana, “Evaluating ! students logical thinking ability: TPACK model as a physics
learning strategy to improve students logical thinking ability,” J. Phys. Conf. Ser., vol. 1511,
no. 1, 2020, doi: 10.1088/1742-6596/1511/1/012027. [27] S. Andriani, E. Nurlaelah, and K.
Yulianti, “The §&ll effect of process oriented guided inquiry learning (POGIL) model toward
students’ logical thinking ability in mathematics,” J. Phys. Conf. Ser., vol. 1157, no. 4,
2019, doi: 10.1088/1742-6596/1157/4/042108. [28] A. H. Schoenfeld, “Learning ¢} to think
mathematically: Problem solving, metacognition, and sense making in mathematics,”
Handb. Res. Math. Teach. Learn., pp. 334-370, 1992. [29] A. Miswanto, E. Susanti, H.
Hapizah, M. Meryansumayeka, and A. Nurzalena, “Analysis of mathematical thinking

types reasoning students in completing the problem-solving question,” J. Phys. Conf. Ser.,



vol. 1318, no. 1, 2019, doi: 10.1088/1742-6596/1318/1/012101. [30] A. Nurzalena, E.
Susanti, H. Hapizah, M. Meryansumayeka, and A. Miswanto, “Design

mathematization,” J. Phys.
Conf. Ser., vol. 1318, no. 1, 2019, doi: 10.1088/1742-6596/1318/1/012106. [31] S.
Suwarno, F. B. Nisa, and M. Mukhlis, “Does students’ logical-mathematical intelligence
correlate to mathematics communication skills on a linear system with three variables
problems?,” J. Phys. Conf. Ser., vol. 1663, no. 1, 2020, doi:
10.1088/1742-6596/1663/1/012029. [32] S. Fatimah, R. Johar, and C. M. Zubainur,
“Students’ pA} logical mathematical intelligence in completing mathematical problems with
natural disaster context,” J. Phys. Conf. Ser., vol. 1470, no. 1, 2020, doi:
10.1088/17426596/1470/1/012022. [33] K. Fahuzan and R. H. Santosa, “Gender
Differences in Motivation to Learn Math Using Role Play Game in Smartphone,” in
Journal of Physics: Conference Series, 2018, vol. 1097, no. 1, p. 8, doi:
10.1088/17426596/1097/1/012130. [34] R. I. Arends, Learning to Teach, 10th ed. McGraw-
Hill Education, 2015. [35] Ardeniyansah and R. Rosnawati, “Implementation of Problem-
Based Learning in terms of Student Mathematical Creative Thinking,” in Journal of Physics:
Conference Series, 2018, vol. 1097, no. 1, doi: 10.1088/17426596/1097/1/012111. [36] Y.
Selvy, M. Ikhsan, R. Johar, and Saminan, “Improving students’ mathematical creative
thinking and motivation through GeoGebra assisted problem based learning,” J. Phys.
Conf. Ser., vol. 1460, no. 1, 2020, doi: 10.1088/17426596/1460/1/012004. [37] Hidayati, Z.
Abidin, and B. I. Ansari, “Improving a students’ mathematical communication skills and
learning interest through problem based learning model,” in Journal of Physics: Conference
Series, 2020, vol. 1460, no. 1, doi: 10.1088/1742-6596/1460/1/012047. [38] H. Hendriana,
T. Johanto, and U. Sumarmo, “The gEj role of problem-based learning to improve students’
mathematical problem-solving ability and self confidence,” J. Math. Educ., vol. 9, no. 2, pp.
291-299, 2018, doi: 10.22342/jme.9.2.5394.291-300. [39] J. Moust, P. Bouhuijs, and H.
Schmidt, Introduction to Problem-based Learning : A guide for students, 4th ed. 2021. [40]

S. Damrongpanit, “From modern teaching to 2l mathematics achievement: The mediating



role of mathematics attitude, achievement motivation, and self-efficacy,” Eur. J. Educ.
Res., vol. 8, no. 3, pp. 713-727, 2019, doi: 10.12973/eu-jer.8.3.713. [41] Rasmitadila et al.,
“The perceptions of primary school teachers of online learning during the covid-19
pandemic period: A case study in Indonesia,” J. Ethn. Cult. Stud., vol. 7, no. 2, pp. 90-109,
2020, doi: 10.29333/ejecs/388. [42] J. Traxler, “Defining mobile learning,” Proceedings,
IADIS Int. Conf. Mob. Learn., pp. 261-266, 2005. [43] Y. and D. C. Zhang, Handbook of
Mobile Teaching and Learning, 2rd ed. Springer, 2019. [44] Digital 2024, “Data Reportal,”
2024, 2024. . [45] A. Bahauddin and W. Setyaningrum, “Teacher’s and prospective-
teacher’s perceptions of mobile math game ‘proadventure’ implementation in mathematics
learning,” in Journal of Physics: Conference Series, 2019, vol. 1320, no. 1, p. 9, doi:
10.1088/1742-6596/1320/1/012080. [46] E. A. Bilgin, “A Mobile Educational Game Design
for Eliminating Math Anxiety of Middle School Students,” Educ. Q. Rev., vol. 4, no. 2, pp.

354-361, 2021, doi: 10.31014/aior.1993.04.02.251.

https://doi.org/10.58421/misro.v4i4.980 1563 [47] Bk} L. D. Pratama and \W.
Setyaningrum, “GBL in math problem solving: Is it effective?,” Int. J. Interact. Mob.
Technol., vol. 12, no. 6, pp. 101-111, 2018, doi: 10.3991/ijim.v12i6.8658. [48] J. Russo, L.
A. Bragg, and T. Russo, “How primary teachers use games to support their teaching of
mathematics,” Int. Electron. J. Elem. Educ., vol. 13, no. 4, pp. 407-419, 2020, doi:
10.26822/iejee.2021.200. [49] J. Xie, M. Wang, and D. Hooshyar, “Student, parent, and
teacher perceptions towards digital educational games: How they differ and influence each
other,” Knowledge Management and E-Learning, vol. 13, no. 2. pp. 142-160, 2021, doi:
10.34105/j.kmel.2021.13.008. [50] S. Laato et al., “Evaluation &8 of the Pedagogical
Quiality of Mobile Math Games in App Marketplaces,” in Proceedings - 2020 IEEE
International Conference on Engineering, Technology and Innovation, ICE/ITMC 2020,
2020, no. September, doi: 10.1109/ICE/ITMC49519.2020.9198621. [51] W. J. Creswell,
Educational research : planning, conducting, and evaluating quantitative and qualitative

research, 4th ed. Boston: Pearson Education, Inc, 2012. [52] F. S. T. Ting, W. H. Lam, and



R. H. Shroff, “Active gl learning via problem-based collaborative games in a large
mathematics university course in Hong Kong,” Educ. Sci., vol. 9, no. 3, 2019, doi:
10.3390/educsci9030172. [53] Munawaroh, N. S. Setyani, L. Susilowati, and Rukminingsih,
“The Effect of E-Problem Based Learning on Students’ Interest, Motivation and
Achievement,” Int. J. Instr., vol. 15, no. 3, pp. 503-518, 2022, doi:
10.29333/iji.2022.15328a. [54] H. C. Celik, “The effect of modelling, collaborative and
game-based learning on the geometry success of thirdgrade students,” Educ. Inf. Technol.,
vol. 25, no. 1, pp. 449-469, 2020, doi: 10.1007/s10639-019-09983-3. [55] P. Yaniawati,
S. M. Maat, I. I. Supianti, and D. Fisher, “Mathematics mobile blended learning
development: Student-oriented high order thinking skill learning,” Eur. J. Educ. Res.,
vol. 11, no. 1, pp. 69-81, 2022, doi: 10.12973/EU-JER.11.1.69. [56] M. Gék and M. inan,
“Sixth-grade students’ experiences of a digital game-based learning environment: A
didactic analysis,” JRAMathEdu (Journal Res. Adv. Math. Educ., vol. 6, no. 2, pp. 142-157,
2021, doi: 10.23917/jramathedu.v6i2.13687. [57] L. Sun, H. Ruokamo, P. Siklander, B. Li,
and K. Devlin, “Primary school students’ perceptions of scaffolding in digital game-
based learning in mathematics,” Learn. Cult. Soc. Interact., vol. 28, no. August 2020, p.
100457, 2021, doi: 10.1016/j.1csi.2020.100457. [58] N. Pellas, P. Fotaris, |. Kazanidis, and
D. Wells, “Augmenting the learning experience in primary and secondary school
education: a systematic review of recent trends in augmented reality game-based
learning,” Virtual Real., vol. 23, no. 4, pp. 329-346, 2019, doi:
10.1007/s10055-018-0347-2. [59] G. Albano, F. Arzarello, and U. Dello lacono, “Digital
Inquiry Through Games,” Technol. Knowl. Learn., vol. 26, no. 3, pp. 577-595, 2021, doi:
10.1007/s10758-020-09459-1. [60] F. Ke, K. M. Clark, and S. Uysal, “Architecture Game-
Based Mathematical Learning by Making,” Int. J. Sci. Math. Educ., vol. 17, pp. 167-184,
2019, doi: 10.1007/s10763-019-09996-x. [61] Drijvers P, The 12th International
Congress On Mathematical Education. New York, 2015. [62] M. Bakker, M. van den
Heuvel-Panhuizen, and A. Robitzsch, “Effects of mathematics computer games on special

education students’ multiplicative reasoning ability,” Br. J. Educ. Technol., vol. 47, no.



4, pp. 633-648, 2016, doi: https://doi.org/10.1111/bjet.12249. [63] C. H. Chen and V. Law,
“Scaffolding individual and collaborative game-based learning in learning performance
and intrinsic motivation,” Comput. Human Behav., vol. 55, pp. 1201-1212, 2016, doi:
10.1016/j.chb.2015.03.010. [64] Y. M. Huang, S. H. Huang, and T. T. Wu, “Embedding
diagnostic mechanisms in a digital game for learning mathematics,” Educ. Technol.
Res. Dev., vol. 62, no. 2, pp. 187-207, 2014, doi: 10.1007/s11423-013-9315-4. [65] A. Bell
and M. Gresallfi, “Teaching with Videogames: How Experience Impacts Classroom Int
egration,” Technol. Knowl. Learn., vol. 22, no. 3, pp. 513-526, 2017, doi:

10.1007/s10758-017-9306-3.



Sources

10

11

12

13

14

https://www.mdpi.com/2227-7390/10/16/2973

6%
https://www.researchgate.net/publication/349892658_ Analysis_of teacher_performance_to_
build_student_interest_and_motivation_towards_mathematics_achievement

1%

https://www.ubilife.net/?page_id=108

1%

https://www.simplypsychology.org/multiple-intelligences.html

<1%
http://repository.lppm.unila.ac.id/22755/1/The_Effectiveness_of Problem_Based Learning_ o
n_the.pdf

<1%
https://rise.smeru.or.id/en/blog/indonesian-students’-scores-pisa-global-assessment-dropped-
teacher-quality-and-quality

<1%
https://sci-hub.se/10.1088/1742-6596/1097/1/012120

<1%
https://zh.mindat.org/reference.php?id=5338415

<1%
https://sci-hub.st/10.1088/1742-6596/1511/1/012027

<1%

https://www.researchgate.net/publication/289963462_Learning_to_think_mathematically_Pr
oblem_solving_metacognition_and_sense_making_in_mathematics

<1%
https://iopscience.iop.org/article/10.1088/1742-6596/1157/4/042108

<1%
https://orcid.org/0000-0001-8192-3808

<1%

https://www.scirp.org/reference/referencespapers?referenceid=3122381

<1%
https://sci-hub.se/10.3390/educsci9030172

<1%


https://www.mdpi.com/2227-7390/10/16/2973
https://www.researchgate.net/publication/349892658_Analysis_of_teacher_performance_to_build_student_interest_and_motivation_towards_mathematics_achievement
https://www.researchgate.net/publication/349892658_Analysis_of_teacher_performance_to_build_student_interest_and_motivation_towards_mathematics_achievement
https://www.ubilife.net/?page_id=108
https://www.simplypsychology.org/multiple-intelligences.html
http://repository.lppm.unila.ac.id/22755/1/The_Effectiveness_of_Problem_Based_Learning_on_the.pdf
http://repository.lppm.unila.ac.id/22755/1/The_Effectiveness_of_Problem_Based_Learning_on_the.pdf
https://rise.smeru.or.id/en/blog/indonesian-students�-scores-pisa-global-assessment-dropped-teacher-quality-and-quality
https://rise.smeru.or.id/en/blog/indonesian-students�-scores-pisa-global-assessment-dropped-teacher-quality-and-quality
https://sci-hub.se/10.1088/1742-6596/1097/1/012120
https://zh.mindat.org/reference.php?id=5338415
https://sci-hub.st/10.1088/1742-6596/1511/1/012027
https://www.researchgate.net/publication/289963462_Learning_to_think_mathematically_Problem_solving_metacognition_and_sense_making_in_mathematics
https://www.researchgate.net/publication/289963462_Learning_to_think_mathematically_Problem_solving_metacognition_and_sense_making_in_mathematics
https://iopscience.iop.org/article/10.1088/1742-6596/1157/4/042108
https://orcid.org/0000-0001-8192-3808
https://www.scirp.org/reference/referencespapers?referenceid=3122381
https://sci-hub.se/10.3390/educsci9030172

15

16

17

18

19

20

21

22

23

24

26

27

28

https://www.cambridge.org/core/books/cambridge-handbook-of-motivation-and-
learning/motivation-and-learning/D120A01317BAB2BB8E9E531BEA359D94

<1%

https://people.utm.my/anahazigah/publications/

<1%
https://jglobal.jst.go.jp/en/detail?2JGLOBAL_1D=202002261443858629

<1%
https://www.scirp.org/reference/referencespapers?referenceid=2632762

<1%

https://uark.pressbooks.pub/edlearningtheory/chapter/chapter-13-constructivist-views-of-
learning/

<1%

https://sci-hub.se/10.1016/j.Imot.2020.101673

<1%
https://iopscience.iop.org/article/10.1088/1742-6596/1397/1/012094/meta

<1%
https://www.researchgate.net/publication/340078628_Students'_logical_mathematical_intelli
gence_in_completing_mathematical_problems_with_natural_disaster_context/fulltext/5e765
62292851cf2719d8ae6/Students-logical-mathematical-intelligence-in-completing-
mathematical-problems-with-natural-disaster-context.pdf

<1%
https://eprints.upjb.ac.id/id/eprint/33/

<1%
https://www.gamedeveloper.com/design/defining-boundaries-creating-credible-obstacles-in-
games

<1%
https://repository.unsri.ac.id/146823/

https://www.lenovo.com/us/en/glossary/pda/

<1%

https://elmlearning.com/hub/learning-theories/constructivism/

<1%

https://sekolahloka.com/data/mts-daarul-ulum-2-sinar-melati/

<1%


https://www.cambridge.org/core/books/cambridge-handbook-of-motivation-and-learning/motivation-and-learning/D120A01317BAB2BB8E9E531BEA359D94
https://www.cambridge.org/core/books/cambridge-handbook-of-motivation-and-learning/motivation-and-learning/D120A01317BAB2BB8E9E531BEA359D94
https://people.utm.my/anahaziqah/publications/
https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=202002261443858629
https://www.scirp.org/reference/referencespapers?referenceid=2632762
https://uark.pressbooks.pub/edlearningtheory/chapter/chapter-13-constructivist-views-of-learning/
https://uark.pressbooks.pub/edlearningtheory/chapter/chapter-13-constructivist-views-of-learning/
https://sci-hub.se/10.1016/j.lmot.2020.101673
https://iopscience.iop.org/article/10.1088/1742-6596/1397/1/012094/meta
https://www.researchgate.net/publication/340078628_Students'_logical_mathematical_intelligence_in_completing_mathematical_problems_with_natural_disaster_context/fulltext/5e76562a92851cf2719d8ae6/Students-logical-mathematical-intelligence-in-completing-mathematical-problems-with-natural-disaster-context.pdf
https://www.researchgate.net/publication/340078628_Students'_logical_mathematical_intelligence_in_completing_mathematical_problems_with_natural_disaster_context/fulltext/5e76562a92851cf2719d8ae6/Students-logical-mathematical-intelligence-in-completing-mathematical-problems-with-natural-disaster-context.pdf
https://www.researchgate.net/publication/340078628_Students'_logical_mathematical_intelligence_in_completing_mathematical_problems_with_natural_disaster_context/fulltext/5e76562a92851cf2719d8ae6/Students-logical-mathematical-intelligence-in-completing-mathematical-problems-with-natural-disaster-context.pdf
https://www.researchgate.net/publication/340078628_Students'_logical_mathematical_intelligence_in_completing_mathematical_problems_with_natural_disaster_context/fulltext/5e76562a92851cf2719d8ae6/Students-logical-mathematical-intelligence-in-completing-mathematical-problems-with-natural-disaster-context.pdf
https://eprints.upjb.ac.id/id/eprint/33/
https://www.gamedeveloper.com/design/defining-boundaries-creating-credible-obstacles-in-games
https://www.gamedeveloper.com/design/defining-boundaries-creating-credible-obstacles-in-games
https://repository.unsri.ac.id/146823/
https://www.lenovo.com/us/en/glossary/pda/
https://elmlearning.com/hub/learning-theories/constructivism/
https://sekolahloka.com/data/mts-daarul-ulum-2-sinar-melati/

https://ouci.dntb.gov.ua/en/works/IdGRmZD4/

29
<1%

EXCLUDE CUSTOM MATCHES
EXCLUDE QUOTES

EXCLUDE BIBLIOGRAPHY


https://ouci.dntb.gov.ua/en/works/ldGRmZD4/

