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Abstract. Students' low interest in learning creates challenges in the learning
process, where a lack of motivation reduces students' active participation in
teaching and learning activities. Therefore, it is essential to identify strategies
that can increase students' interest in learning so that they are enthusiastic about
participating in learning. This research aims to overcome the low learning
outcomes of the Theme 1 Subtheme "My Daily Tasks at School" by applying
the Problem-Based Learning model in class II at SDN 147 Pekanbaru. The
research method used is Classroom Action Research with four main stages:
planning, action implementation, observation, and reflection, carried out in 2
cycles, each consisting of 2 meetings. Data collection techniques include
observation, tests, documentation, and quantitative and qualitative data
processing. The research results show that applying the PBL model has
improved student learning outcomes. In the pre-cycle, only eight students, or
31%, achieved completeness, then this increased to 18 students, or the
equivalent of 69% in cycle I, and in cycle II, it reached 26 students or 100%
completion.
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1. INTRODUCTION

The development of the world has made all aspects of life evolve, including
education. Education is essential in facing these global changes because, through education,
individuals can develop the skills and knowledge needed to adapt to technological advances
and the demands of an increasingly competitive job market [1], [2]. In addition, education
also plays a role in shaping the character and critical attitude needed to face various
challenges in the future [3]—-[5]. Thus, improving the quality of education is a top priority so
that people can contribute optimally in this dynamic era of development.

One part of education experiencing rapid development is classroom learning, where
many learning models constantly evolve. These learning models, such as project-based
learning, collaborative learning, and digital technology, contribute significantly to
improving the quality of teaching and learning [6]—[8]. These developments allow educators
to create a learning environment that is more dynamic, interactive and relevant to the needs
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of today's students [9]-[11]. In addition, innovations in learning methods also encourage
students to be more actively engaged, think critically, and develop skills needed in the real
world [12]-[14]. Thus, developments in classroom learning not only improve the
effectiveness of education, but also better prepare students to face future challenges.

There are four changes in the 2013 Curriculum: graduate competency standards,
content standards (core competencies and essential competencies), process standards, and
assessment standards [15]-[17]. These four changes are explained as follows. Improving
graduate competency standards by paying attention to the integrated development of values,
knowledge, and skills, focusing on achieving competency. Educators in class II at SDN 008
Gunung Mulya have used a scientific approach to learning. The scientific approach includes
six steps: observing, asking, collecting, processing, and communicating. However, the
scientific approach has yet to be implemented optimally. One of the reasons is that educators
still use the lecture method in the learning process, so the learning process is centered on the
educator. The lecture method also needs to explore students’ reasoning abilities. With the
lecture method, educators must allow students to ask questions and express their opinions.

Learning outcomes are essential and need serious attention in the education process
[18]-[20]. Learning is a process of changing behavior that requires assessment to see how
effective the method is [21], [22]. Five aspects of learning outcomes must be considered:
intellectual skills, cognitive strategies, attitudes, verbal information, and motor skills [23],
[24]. Students' success in learning can be measured by their ability to understand and apply
the concepts taught during the learning process [25]. By monitoring and evaluating these
five aspects of learning outcomes, educators can provide appropriate feedback and adjust
teaching strategies to ensure that each student reaches their full potential and experiences
positive changes in their behavior and abilities.

Student learning outcomes can be seen from several cognitive aspects, namely,
students' abilities in knowledge (memory), understanding, application, analysis, synthesis,
and evaluation [26]-[28]. In other words, student learning outcomes can also be measured
by their ability to remember lessons that have been delivered by the teacher, as well as their
ability to solve problems that arise during the learning process [29], [30]. In line with this
opinion, learning outcomes reflect the basic competencies that have been understood and
those that have not been understood by most students [31]-[33]. Thus, learning outcomes
reflect not only the extent to which students master the subject matter but also how well they
can apply that knowledge in real situations, analyze complex information, synthesize new
concepts, and evaluate various solutions or arguments. In conclusion, good learning
outcomes include deep understanding and practical application of the material taught and
students' ability to continue to develop in higher cognitive aspects.

The learning problems mentioned above hurt students' learning outcomes, which can
be seen from their learning outcomes, which are far below the Minimum Completion Criteria
(KKM) set by SDN 147 Pekanbaru. The KKM set for Pancasila and Civic Education,
Mathematics, and Indonesian Language are all at 65. One of the main reasons behind these
low learning outcomes is students' lack of motivation and interest in learning, which results
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in a lack of understanding of the material and active participation in the learning process.

Based on the problems above, improvements need to be made to the learning process
and outcomes, one of which is using learning models based on the expected learning
objectives. The Problem-based Learning (PBL) model can improve learning processes and
outcomes. In problem-based learning, students must face real problems in everyday life [34],
[35]. So, the appropriate learning model for this problem is the Problem-Based Learning
(PBL) model because this model can develop thinking abilities to solve issues and develop
students' intellectual skills.

Based on several experts' opinions, it can be concluded that learning outcomes are
an effort to develop one's abilities. The results of developing students' abilities produce
changes in behavior for the better.

2. RESEARCH METHOD

This research was carried out in 2 cycles. In one cycle, there are two meetings and
one daily review consisting of planning, implementation, observation, and reflection.
Planning

In this classroom action research, educators make action plans that will be carried
out. This action involves implementing thematic learning with an environmental theme using
the Problem-Based Learning (PBL) model in class II at SDN 147 Pekanbaru. This activity
begins by formulating a learning action plan with the following activities. (1) preparing an
action plan in the form of a Learning Implementation Plan model, (b) selecting and
determining materials, (c) learning and teaching activities, (d) selecting and determining
media or learning resources, and (e) evaluation (2) compiling indicators and criteria for
Thematic learning with the theme of my daily tasks. (3) compiling data through observation
guidelines and field notes.

Implementation of Actions

Implementing this action begins with implementing thematic learning with an
environmental theme. This research was planned in 2 cycles; cycle I was held three times,
and cycle II was held three times. Activities are carried out by researchers themselves as
educators and colleagues as observers. Educators carry out learning activities in the
classroom in the form of interaction activities between educators and students, as well as
students and students. The activities carried out are as follows: (1) The implementation phase
of this action is designed in 2 cycles. Cycle 1 was held three times, and cycle II was held
three times. Educators carry out learning with an environmental theme through the learning
plan created. (2) The observer makes observations using an observation format and field
notes. (3) Educators and observers discuss the actions taken, then reflect. The results are
used for further improvements.

Observation

Observers were also involved in carrying out the research. The observer's task was
to observe the teacher's and students' activities during the lesson. The aim is to determine
the quality of action implementation. The time for observation was carried out
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simultaneously with the implementation of the action involving two observers, namely a
colleague as an observer of teacher activities and the class II homeroom teacher as an
observer of student activities. Observations were made to see the activities of teachers and
students during the learning process. The aim is to provide input or opinions on the
implementation of the learning so that suggestions and criticism from observers can be used
to improve the teaching at the next meeting.
Reflection

Reflection is carried out every time an action ends. In this stage, the educator and
observer discuss the action that has just been taken. The matters discussed are (1) analyzing
actions that have just been carried out, (2) reviewing and explaining differences in plans and
implementation of actions that have been carried out, and (3) intervening, interpreting, and
drawing conclusions from the data obtained. The results of this joint reflection are used as
input for subsequent actions and can be used to conclude the results of the cycle that has
been implemented.

Data Collection Techniques and Instruments

Data Collection Techniques are Observation, Test, and Documentation. The data collected
in this research are: (1) the results of the final test at the end of each action (evaluation), (2)
the results of observation notes (observations), which contain notes regarding learning
activities both regarding educators and students. This data analysis technique uses
descriptive statistical analysis, which starts from collecting data, compiling or arranging
data, presenting data, and analyzing numerical data to provide an overview of the aftermath
of symptoms, events, or circumstances.

Instrument

Learning Tool Instrument consists of (1) The syllabus is a reference for planning and
implementing learning programs. The syllabus can be used as a guide in learning
development, starting from creating learning plans and managing learning activities to
assessment systems. The syllabus contains competency standards, essential competencies,
learning materials, learning activities, indicators, assessments, time allocation,
materials/tools, and resources. (2) Learning Implementation Plan (RPP): The learning
implementation plan is a guideline or step the teacher will follow in the learning process.
The learning implementation plan contains competency standards, essential competencies,
learning objectives, teaching materials, learning models and methods, learning steps,
learning resources, and learning outcomes assessment. (3) Student Worksheets (LKS),
Student worksheets are activity steps that students must complete to understand the material
being taught

Learning Outcome Analysis Techniques

This data analysis technique uses descriptive statistical analysis, which starts from collecting
data, compiling or arranging data, presenting data, and analyzing numerical data to provide
an overview of the aftermath of symptoms, events, or circumstances. After the teacher and
student activity data is collected through observation, the data is processed using the
percentage formula, which is as follows:
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F
P = NXlOO%

Information:

P = Percentage number

F = Frequency the percentage is being searched for

N = Number of Cases (number of frequencies/number of individuals)
100% = Fixed Number

The categories of student learning outcomes that have been obtained are determined by
qualitative values or category values by referring to the theory put forward by Purwanto as
follows:

Table 1. Learning outcomes categories

No Interval (%) Category
1 91-100 Very Good
2 83-90 Good
3 75-82 Less Good
4 <74 Not Good

3. RESULTS AND DISCUSSION
3.1 Results

Pre-Action to cycle 1

Based on data before the implementation of the Problem Based Learning model, it
is known that student learning outcomes for theme 1 sub-theme are still lacking, namely with
completeness equivalent to 30.8%. This is because so far teachers are still using old methods,
and learning is only focused on the teacher while students only take notes, so students feel
bored.

Cycle I to Cycle 11

In the second cycle, the level of completeness of student learning outcomes was
100%. Or the equivalent of 26 students who have achieved completeness individually.
Following are the results of cycles 1 and 2;

Table 2. Cycle I Learning Results

Description of learning outcomes Total Percentage
Complete 18 69%
Not Complete 8 31%

From Table 2, we get the score of cycle I results. Students can solve or complete the problem
are 18 students and 8 students can not complete or solve the given problem or test.
Table 3. Cycle I Learning Results

Description of learning outcomes Total Percentage
Complete 26 100 %
Not Complete 0 0%
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The table above shows the results of learning cycle I, where of the 26 students who
completed 18 students with a percentage of 69%. Then, eight students did not complete or a
rate of 31%. This will then be continued in the next cycle. The table above shows the learning
results of cycle I, where of the 26 students who completed it, 26 had a percentage of 100%.
Then, the student's other assignments can be said to be successful. With these results, the
teacher applied the problem-based learning model well.

Based on the results of the discussion above, it can be concluded that applying the Problem-
Based Learning model can improve student learning outcomes in the material Recognizing
Fractions, class Il SDN 147 Pekanbaru. But, this statement must be proved by statistics to
check whether a significant different are happen. This result can be seen from Paired-
samples test. This result are started with checking the data normality with One Sample
Kolmogorov-Smirnov Test in Table 4.

Table 4. One-Sample Kolmogorov-Smirnov Test

Parameters Cyclel  Cycle2
Normal Parametersa,b Mean 761.154  845.000
Std. Deviation 885.585 509.313
Most Extreme Differences Absolute 170 177
Positive 118 .140
Negative -.170 -177
Test Statistic 170 177
Asymp. Sig. (2-tailed) 0.053¢ 0.13c

From the results, it is acquired the One Sample Kolmogorov-Smirnov value 0.053 of Cycle
1 and 0.113 of Cycle II. These values are proved that Cycle I and II in normal distributed.
Next step, we find the result of statistics descriptive of cycle I and II as in Table 5.

Table 5. Statistics Descriptive of Cycle 1 and Cycle II

Min Max Mean Std Variance
Cyclel 60. 90 76.1 8.86 78.43
Cycle2 75 90 84.5 5.09 25.94

From table 5, we get of statistics descriptive of Cycle I with minimum of 60, maximum of
90, mean of 76.1, standard deviation of 8.86, and variance of 78.43. Statistics descriptive of
Cycle I with minimum of 75, maximum of 90, mean of 84.5, standard deviation of 5.09, and
variance of 25.94. The next step, we find the paired samples correlation. From this term, we
find the correlation between Cycle 1 and II. This result can be seen in Table 6.

Table 6. Paired Samples Correlations

Variables N  Correlation Sig.
Pair 1 Cyclel & Cycle2 26 -.146 477

From Table 6, we get the correlation coefficient of -0,146 with significant value 0.477. This
correlation explains that there is no correlation between Cycle I and Cycle II. This mean, the

score has acquired form Cycle I didn’t affect score from Cycle II. The last step, we find the
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paired samples test to know whether there is a significant different between treatment of
Cycle I and Cycle II. This result can be seen in Table 7

Table 7. Paired Samples Test

Paired Sig. (2-
Differences t tailed)
Std.
Error 95% Confidence Interval of
Mean Std Mean the Difference
-3.944 .001
Lower Upper
Cyclel -
Cycle2 -83, 1.08 212.608 -1.276.337 -400.586

From Table 7, we find the t value and Significant Value (Sig. (2-tailed)) of -3.944 and 0.001.
In this case, we can conclude significant different will happen if significant value is lower
0.05. so, the result show, score of Cycle II is better from score Cycle II.

3.2 Discussion

The development of education has driven the evolution of learning styles that keep up
with the changing times [36], [37]. One of the increasingly popular approaches is Problem-
based Learning (PBL). PBL is very helpful in improving the quality of learning because this
method puts students at the center of the learning process, requiring them to solve real
problems relevant to the subject matter. Through PBL, students not only acquire theoretical
knowledge but also develop critical thinking, collaboration and problem-solving skills. In
addition, PBL encourages students to become independent learners and take responsibility for
their own learning process, which is very important in a changing world that demands high
adaptability. Thus, PBL not only improves students' understanding of the subject matter but
also prepares them to face real-world challenges more confidently and competently.

The application of the Problem-based Learning (PBL) model is proven to be able to
improve student learning outcomes on theme 1 subtheme “Living in Harmony at School” in
class II SDN 147 Pekanbaru. The application of PBL in this class showed a significant
increase in the completeness of student learning outcomes. In the pre-study cycle, only 8
students or around 31% achieved mastery. However, after the implementation of PBL in cycle
I, the number of students who achieved mastery increased to 18 students or around 69%. This
increase continued in cycle II, where all students, as many as 26 students or 100%, managed
to achieve mastery. These results show that PBL not only increases students' participation and
involvement in the learning process, but also significantly increases students' understanding
and mastery of the material. PBL allows students to learn actively and contextually, solving
real problems relevant to their lives, thus improving their overall motivation and learning
outcomes [38], [39]. Thus, the implementation of PBL model can be considered as an
effective strategy in improving the quality of learning and students' learning outcomes.

Of course, this research has shortcomings that need to be considered. One of the main
shortcomings is the limited sample which only involved grade II students at SDN 147
Pekanbaru, so the results may not be generalizable to a wider population. In addition, this
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study did not consider external factors such as students' socio-economic background, family
support or the availability of learning resources at home that may affect learning outcomes.
The evaluation method used may also be less comprehensive, as it only focuses on the
completeness of learning outcomes without evaluating changes in aspects of students' critical
thinking skills or collaborative abilities in depth. Therefore, further research with more
diverse samples and more holistic evaluation methods is needed to gain a more thorough
understanding of the effectiveness of PBL models in improving student learning outcomes.

4. CONCLUSION

Based on the discussion above, it can be concluded that the application of the PBL
model is proven to be able to improve student learning outcomes in theme 1, sub-theme of
living in harmony at school by implementing the problem-based learning model in class II
at SDN 147 Pekanbaru, this can be seen from the completeness of student learning outcomes
pre-complete cycle only eight students or 31% then in cycle I it increased to 18 students or
the equivalent of 69% and finally in cycle II it became 26 students or 100% completeness.
Starting from the discussion of the research results and conclusions above, the researchers
put forward several suggestions: To apply the use of the PBL model in learning. Teachers
should first understand the stages of learning using PBL, namely: a) the stage of orienting
students to problems, b) the stage of organizing students to learn, c) the stage of conducting
individual and group investigations, d) the stage of developing and presenting the results of
the work, and e) the stage of analyzing and evaluating the problem-solving process. School
principals should be able to motivate and develop teachers to use PBL in learning at school
and monitor the implementation process. Readers should be able to gain insight into the
implementation of PBL, which can be used as an alternative learning model and must be
adapted to the material being taught.

REFERENCES

[1] V. G. Goulart, L. B. Liboni, and L. O. Cezarino, “Balancing skills in the digital
transformation era: The future of jobs and the role of higher education,” Ind. High.
Educ., vol. 36, no. 2, pp. 118127, 2022.

[2] L. Garcia-Pérez, M. Garcia-Garnica, and E. M. Olmedo-Moreno, “Skills for a working
future: How to bring about professional success from the educational setting,” Educ.
Sci., vol. 11, no. 1, p. 27, 2021.

[3] E. Bosio and M. Olssen, “Critical global citizenship: Foucault as a complexity thinker,
social justice and the challenges of higher education in the era of neo-liberal
globalization—A conversation with Mark Olssen.,” Citizsh. Teach. Learn., vol. 18, no.
2,2023.

[4] A. S. Mohammed, “Examining the Implementation of Artificial Intelligence in Early
Childhood Education Settings in Ghana: Educators’ Attitudes and Perceptions towards
Its Long-Term Viability,” Am. J. Educ. Technol., vol. 2, no. 4, pp. 3649, 2023.

[5] N. Nofriyandi and D. Andrian, “Factors that Affect Students’mathematics Performance
at Higher Education in Riau Province During the Covid-19 Pandemic,” Infin. J., vol. 11,
no. 2, pp. 367-380, 2022.

Page | 49

Mathematics Research and Education Journal, Vol. 8, No.1, April 2024, 42 — 52
ISSN: 2620-4129
E-ISSN: 2621-3885



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

A. S. Al-Adwan, N. Li, A. Al-Adwan, G. A. Abbasi, N. A. Albelbisi, and A. Habibi,
“Extending the technology acceptance model (TAM) to Predict University Students’
intentions to use metaverse-based learning platforms,” Educ. Inf. Technol., vol. 28, no.
11, pp. 15381-15413, 2023.

M. A. Almulla and W. M. Al-Rahmi, “Integrated social cognitive theory with learning
input factors: The effects of problem-solving skills and critical thinking skills on
learning performance sustainability,” Sustainability, vol. 15, no. 5, p. 3978, 2023.

K. Cheng, Q. Guo, Y. He, Y. Lu, S. Gu, and H. Wu, “Exploring the potential of GPT-4
in biomedical engineering: the dawn of a new era,” Ann. Biomed. Eng., vol. 51, no. 8,
pp. 1645-1653, 2023.

N. Bahiyah, “Revolutionizing Education: Unlocking the Potential of Asynchronous
Video for Interactive Online Learning,” Int. J. Educ. Humanit., vol. 3, no. 2, pp. 187—
196, 2023.

J. Rivadeneira and E. Inga, “Interactive peer instruction method applied to classroom
environments considering a learning engineering approach to innovate the Teaching—
Learning process,” Educ. Sci., vol. 13, no. 3, p. 301, 2023.

Z. Zulfayani, R. Ariawan, H. Nufus, and K. Kafrina, “Profile Of Students’numeracy
Literacy Ability And Self Efficacy In Mathematics Learning,” Math. Res. Educ. J., vol.
7, no. 2, pp. 25-35, 2023.

A. Patino, M. S. Ramirez-Montoya, and M. Buenestado-Fernandez, “Active learning
and education 4.0 for complex thinking training: analysis of two case studies in open
education,” Smart Learn. Environ., vol. 10, no. 1, p. 8, 2023.

N. Rehman, W. Zhang, A. Mahmood, M. Z. Fareed, and S. Batool, “Fostering twenty-
first century skills among primary school students through math project-based learning,”
Humanit. Soc. Sci. Commun., vol. 10, no. 1, pp. 1-12, 2023.

D. Andrian and L. A. Effendi, “Instrument and evaluation of students’ involvement in
learning Mathematics in 21-century skills at senior high schools of Riau province,” J.
Penelit. dan Eval. Pendidik., vol. 27, no. 1, p. 14, 2023.

W. G. Mulawarman, “Overcoming Obstacles in Implementing 2013 Curriculum
Policy.,” Cypriot J. Educ. Sci., vol. 16, no. 3, pp. 967-980, 2021.

R. Raj et al., “Professional competencies in computing education: pedagogies and
assessment,” in Proceedings of the 2021 Working Group Reports on Innovation and
Technology in Computer Science Education, 2021, pp. 133-161.

M. Rizqa, R. Husni, and U. Rahmi, “The Development Of Interactive Multimedia
Learning In Vocational School,” Math. Res. Educ. J., vol. 7, no. 2, pp. 14-24, 2023.
M. Sofi-Karim, A. O. Bali, and K. Rached, “Online education via media platforms and
applications as an innovative teaching method,” Educ. Inf. Technol., vol. 28, no. 1, pp.
507-523, 2023.

Z. Feng, V. A. Gonzélez, C. Mutch, R. Amor, and G. Cabrera-Guerrero, “Exploring
spiral narratives with immediate feedback in immersive virtual reality serious games for
earthquake emergency training,” Multimed. Tools Appl., vol. 82, no. 1, pp. 125-147,
2023.

S. Rezeki, D. Andrian, and Y. Safitri, “Mathematics and cultures: A new concept in
maintaining cultures through the development of learning devices,” Int. J. Instr., vol.
14, no. 3, pp. 375-392, 2021.

N. B. Mendoza, Z. Yan, and R. B. King, “Supporting students’ intrinsic motivation for
online learning tasks: The effect of need-supportive task instructions on motivation, self-
assessment, and task performance,” Comput. Educ., vol. 193, p. 104663, 2023.

Page | 50

Mathematics Research and Education Journal, Vol. 8, No.1, April 2024, 42 — 52
ISSN: 2620-4129
E-ISSN: 2621-3885



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

W. Shi, G. L. M. Ghisi, L. Zhang, K. Hyun, M. Pakosh, and R. Gallagher, “Systematic
review, meta-analysis and meta-regression to determine the effects of patient education
on health behaviour change in adults diagnosed with coronary heart disease,” J. Clin.
Nurs., vol. 32, no. 15-16, pp. 5300-5327, 2023.

I. Safiah, M. Yunus, and Y. Abdar, “OLMs development to improve students’ ability to
produce learning media,” Int. J. Emerg. Technol. Learn., vol. 18, no. 5, pp. 418, 2023.
S. Ramadani, “Improving the Mathematics Learning Process of Junior High School
Students in Pekanbaru with the Application of the Talking Stick Type Cooperative
Learning Model,” Math. Res. Educ. J., vol. 6, no. 2, 2022.

Y. Chen, S. Jensen, L. J. Albert, S. Gupta, and T. Lee, “Artificial intelligence (Al)
student assistants in the classroom: Designing chatbots to support student success,” Inf-
Syst. Front., vol. 25, no. 1, pp. 161-182, 2023.

Y. Yasin and R. Husain, “The Effectiveness of Using Zoom Cloud Meeting Media in
Increasing Students’ Motivation and Learning Outcomes on the Concept of the Concepts
of the 4th Class of IPS Learning History in Elementary School,” Int. J. Innov. Eng. Res.
Technol., vol. 8, no. 2, pp. 91-97, 2021.

C. Pangkey, J. Lengkong, M. Legi, and W. H. F. Rorimpandey, “Application Of The
Project-Based Learning Model To Improve Indonesian Language Learning Outcomes
For Class V Elemntary School Students,” J. Educ. Learn. Innov., vol. 3, no. 2, pp. 303—
317,2023.

D. Andrian, “Developing an instrument to evaluate the influential factors of the success
of local curriculum,” REID (Research Eval. Educ., vol. 5, no. 1, pp. 75-84, 2019.

E. Clanton Harpine, “Designing an Academic Service-Learning Course How Can
Faculty Members Measure Learning and Student Reflection?,” in Service Learning in
Higher Education: From Pedagogy to Practice, Springer, 2024, pp. 99-117.

M. Murjinah, S. Choerifki, and M.-L. Chung, “Improving Civics Learning Outcomes
Through the Scramble Learning Model for Class V Students Elementary School,”
Indones. J. Educ. Res., vol. 5, no. 1, pp. 10-18, 2024.

L. A. Outhwaite, E. Early, C. Herodotou, and J. Van Herwegen, “Understanding how
educational maths apps can enhance learning: A content analysis and qualitative
comparative analysis,” Br. J. Educ. Technol., vol. 54, no. 5, pp. 1292-1313, 2023.

D. H. Chang, M. P.-C. Lin, S. Hajian, and Q. Q. Wang, “Educational Design Principles
of Using Al Chatbot That Supports Self-Regulated Learning in Education: Goal Setting,
Feedback, and Personalization,” Sustainability, vol. 15, no. 17, p. 12921, 2023.

D. Andrian, A. Wahyuni, S. Ramadhan, F. R. E. Novilanti, and Zafrullah, “Pengaruh
Pembelajaran Kooperatif Tipe STAD Terhadap Peningkatan Hasil Belajar, Sikap Sosial,
dan Motivasi Belajar,” Inomatika, vol. 2, no. 1, pp. 65-75, 2020, doi:
10.35438/inomatika.v2il.163.

K. M. Almazroui, “Project-based learning for 21st-century skills: An overview and case
study of moral education in the UAE,” Soc. Stud., vol. 114, no. 3, pp. 125-136, 2023.
A. Darmuki, F. Nugrahani, I. Fathurohman, M. Kanzunnudin, and N. A. Hidayati, “The
impact of inquiry collaboration project based learning model of Indonesian language
course achievement,” Int. J. Instr., vol. 16, no. 2, pp. 247-266, 2023.

D. Julianti and S. Imardi, “How Technology Facility to Improve Numeracy in Riau
Province,” Math. Res. Educ. J., vol. 7, no. 1, 2023.

E. F. Astuti and S. Rezeki, “The Validity Of Cube And Block Material Learning Devices
Using A Realistic Mathematics Education (Rme) Approach,” Math. Res. Educ. J., vol.
7,n0. 1, 2023.

Page | 51

Mathematics Research and Education Journal, Vol. 8, No.1, April 2024, 42 — 52
ISSN: 2620-4129
E-ISSN: 2621-3885



[38] 1. A. Rizki and N. Suprapto, “Project-Oriented Problem-Based Learning Through SR-
STEM to Foster Students’ Critical Thinking Skills in Renewable Energy Material,” J.
Sci. Educ. Technol., pp. 1-16, 2024.

[39] E.Musdi, B. Deciku, and N. A. Rusyda, “Mathematics learning tools based on problem
based learning (PBL) to increase mathematical problem-solving ability students,” in AP
Conference Proceedings, 2024, vol. 3024, no. 1.

Page | 52

Mathematics Research and Education Journal, Vol. 8, No.1, April 2024, 42 — 52
ISSN: 2620-4129
E-ISSN: 2621-3885



