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Abstrak - Penelitian ini bertujuan untuk mengembangkan perangkat pembelajaran matematika berbasis
pendekatan saintifik dengan model Problem Based Learning (PBL) serta mengetahui efektivitasnya dalam
meningkatkan motivasi dan prestasi belajar siswa. Jenis penelitian ini adalah penelitian pengembangan
(Research and Development) yang dilengkapi dengan uji kepraktisan, validitas, dan uji efektivitas. Subjek
penelitian adalah siswa kelas VIIA dan VIIB SMP Negeri 29 Palembang, dengan jumlah total 54 siswa, di mana
kelas VIIA dijadikan kelompok eksperimen dan kelas VIIB sebagai kelompok kontrol. Data dikumpulkan
melalui angket motivasi belajar dan tes prestasi belajar, kemudian dianalisis menggunakan perhitungan
deskriptif, uji t, dan N-Gain. Hasil penelitian menunjukkan bahwa perangkat pembelajaran yang dikembangkan
valid dan praktis dengan skor rata-rata validitas > 4,2. Penerapan perangkat ini meningkatkan motivasi belajar
siswa kelas eksperimen dari skor rata-rata 58,7 menjadi 82,4, sedangkan kelas kontrol hanya meningkat dari
59,2 menjadi 63,5. Prestasi belajar siswa kelas eksperimen meningkat dari skor rata-rata 62,5 menjadi 84,3
dengan N-Gain 0,58 (sedang-tinggi), sementara kelas kontrol hanya mengalami peningkatan 61,7 menjadi 68,2
dengan N-Gain 0,16 (rendah).

Kata kunci: perangkat pembelajaran, pendekatan saintifik, Problem Based Learning, motivasi belajar, prestasi belajar

Abstract - This study aimed to develop mathematics learning devices based on the scientific approach with a Problem
Based Learning (PBL) model and to examine their effectiveness in enhancing students’ motivation and learning
achievement. This research employed a Research and Development (R&D) design, complemented by tests of practicality,
validity, and effectiveness. The research subjects were students of classes VIIA and VIIB at SMP Negeri 29 Palembang,
totaling 54 students, with class VIIA as the experimental group and class VIIB as the control group. Data were collected
using learning motivation questionnaires and achievement tests, and were analyzed through descriptive statistics, paired-
sample t-tests, and N-Gain calculations. The results indicate that the developed learning devices were valid and practical,
with an average validity score greater than 4.2. Implementation of these devices increased students’ learning motivation in
the experimental class from a mean score of 58.7 to 82.4, whereas the control class increased only from 59.2 to 63.5.
Students’ learning achievement in the experimental class improved from an average score of 62.5 to 84.3 with an N-Gain of
0.58 (medium-high), while the control class improved from 61.7 to 68.2 with an N-Gain of 0.16 (low).

Keywords: learning devices, scientific approach, Problem Based Learning, learning motivation, learning achievement

1. INTRODUCTION

Mathematics is a fundamental science that plays an essential role in shaping human
logical and systematic thinking (Almira, 2016). As a universal discipline, mathematics is
taught from elementary to higher education to develop students’ critical, analytical, and
creative thinking skills (Kolar & Hodnik, 2020). According to Kurniati et al. (2015),
mathematics learning has an important function in helping students meet practical needs and
solve everyday problems such as calculating, measuring, interpreting data, and using
technological tools like calculators or computers (Harahap & Rakhmawati, 2020). Moreover,
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mathematics serves as a foundation for mastering other sciences such as physics, chemistry,
economics, and engineering (Grover & Pea, 2013).

In the educational context of SMP Negeri 29 Palembang, mathematics learning is
directed to foster students’ logical, systematic, critical, and creative thinking abilities while
appreciating the usefulness of mathematics in daily life (Rismen et al., 2022). This aligns
with the goals of the 2013 Curriculum, which emphasizes a balance among attitude,
knowledge, and skill aspects (Hamidah et al., 2020). However, based on observations and
interviews with mathematics teachers at SMP Negeri 29 Palembang, several challenges were
identified in the learning process.

Some of the problems found include the dominance of high-achieving students in
classroom activities, which causes other students to become passive and reluctant to ask
questions (Canbazoglu & Tarim, 2020). The lack of opportunities for students to
communicate and share information with peers, resulting in suboptimal implementation of
the scientific communication component in the scientific approach (Keeley et al., 2019); and
the use of abstract teaching materials that are not sufficiently contextualized with real-life
situations (Baleghizadeh & Maryam, 2019). Consequently, many students exhibit low
learning motivation and have difficulty understanding mathematical concepts (Nugraha &
Suyatmin, 2021).

The issue of low learning motivation affects students’ mathematics achievement,
which remains below expectations (Nuraini, 2019). This is consistent with studies showing
that students’ engagement in active learning can enhance their conceptual understanding and
academic performance (Bellini et al., 2019). Therefore, it is necessary to develop learning
materials that can foster active participation, encourage critical thinking, and connect
mathematical concepts with real-life contexts (Samosir & Dasari, 2022).

One promising solution is the implementation of a Problem-Based Learning (PBL)
model integrated with a scientific approach. The PBL model emphasizes solving real-world
problems as a context for students to learn critical and creative thinking (Osakue et al., 2011).
PBL encourages students to identify problems, formulate hypotheses, seek information, and
communicate their findings (Miller et al., 2021;Maulana et al., 2019). In this process, the
teacher acts as a facilitator who guides students toward independent conceptual
understanding (Jaya et al., 2019).

The scientific approach in the 2013 Curriculum—which includes observing,
questioning, experimenting, reasoning, and communicating (Mulyasa, 2013). —serves as an
integrative foundation for PBL implementation. Combining these two approaches is expected
to enable students to construct knowledge independently and enhance their learning
motivation (Jonassen, 2011).

Previous studies have shown that the use of the scientific approach through the PBL
model effectively improves students’ motivation and learning outcomes (Guo et al., 2020).
This model helps students see the relevance of mathematics in everyday life, making learning
more meaningful (Ahdhianto et al., 2020). In the context of SMP Negeri 29 Palembang, the
application of mathematics learning materials based on the scientific approach and PBL is
expected to foster curiosity, enhance higher-order thinking skills, and strengthen students’
scientific attitudes (Liu et al., 2020).

Furthermore, developing such learning materials is expected to assist teachers in
designing interactive and contextual mathematics lessons Suyitno et al. (2021), well-designed
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learning materials not only serve as instructional aids but also as systematic guides for
developing students’ competencies. Therefore, this research is essential to produce valid,
practical, and effective learning materials that can improve students’ motivation and
academic achievement in mathematics at SMP Negeri 29 Palembang (Sugiyono,
2021;Tarigan et al., 2021).

2. METHOD
2.1 Research and Type Design

This study is a Research and Development (R&D) aimed at producing a mathematics
learning device based on the scientific approach integrated with a Problem-Based Learning
(PBL) model that is valid, practical, and effective in improving students’ motivation and
learning achievement at SMP Negeri 29 Palembang.

The development model adopted in this study is the 4D Model (Four-D Model) developed by
Thiagarajan, Wismath & Orr (2015), which consists of four main stages:

Define — defining needs and objectives,

Design — designing the learning device,

Develop — developing and testing the device, and
Disseminate — disseminating the final product.

N =

In this study, the disseminate stage was limited because the focus was on the development
and effectiveness testing of the learning device within a controlled environment.

2.2 Development Procedure
The development of the learning device followed the 4D model, described as follows:

Table 1. 4D Model

Stage Main Activities Output
Define Needs analysis, student analysis, curriculum analysis, Identification of problems,
and content concept analysis student characteristics, and
learning needs
Design Designing learning devices including lesson plans Draft of learning device
(RPP), student worksheets (LKPD), assessment (Prototype I)

instruments, and teaching materials based on PBL and
the scientific approach

Develop Expert validation, revisions, and limited trials in Valid, practical, and
Classes VIIA and VIIB effective learning device

Disseminate | Limited dissemination to mathematics teachers at SMP | Implementation report and
Negeri 29 Palembang final product

2.3 Research Instrument
The instruments used in this study included:

1. Validation Sheets
Used by three experts (content, media, and learning experts) to assess the validity of
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the learning device. The assessment employed a Likert scale (1-5), covering content
relevance, clarity of learning steps, and alignment with the scientific approach and
PBL model.
2. Teacher and Student Response Questionnaires
Used to measure the practicality of the learning device after implementation.
3. Learning Achievement Tests (Pretest and Posttest)
Used to measure the improvement in students’ learning outcomes. The tests were in
essay format and based on basic competency indicators.
4. Student Learning Motivation Questionnaire
Adapted from Keller’s ARCS model (Attention, Relevance, Confidence, Satisfaction)
(2010) to measure students’ motivation before and after the treatment.

2.4 Data Collection Techniques
Data were analyzed in three categories: validity, practicality, and effectiveness.
a. Validity Analysis

Table 2. Validity Categories

Score Range | Category

4.21-5.00 Very Valid

3.41-4.20 Valid

2.61-3.40 Quite Valid

1.81-2.60 Less Valid

1.00-1.80 Not Valid

b. Practicality Analysis

Practicality was assessed from teacher and student responses. A mean score > 3.4
(practical) indicated that the device was feasible for use.

c. Effectiveness Analysis
Effectiveness was evaluated through two aspects:
1. Student Learning Motivation — measured using the ARCS questionnaire before and
after treatment.

2. Student Learning Achievement — assessed by comparing pretest and posttest scores
using a paired sample t-test.
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Table 3. N-Gain Categories
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N-Gain Value | Category

g>0.70

High

0.30<g<0.70 | Medium

0<0.30

Low

2.5 Data Validity

Data validity was ensured through triangulation and expert validation involving:

o Mathematics content experts

o Educational media experts

e Mathematics teachers at SMP Negeri 29 Palembang

Additionally, instrument reliability was tested using Cronbach’s Alpha (a) to ensure internal
consistency of the motivation questionnaire and learning test.

3. RESULT AND DISCUSSION

3.1 Result

a. Validation Results of the Learning Device

The developed learning device includes lesson plans (RPP), Student Worksheets
(LKPD), and learning achievement assessment instruments. Validation was conducted by
three experts: content expert, media expert, and learning expert. The validation results are

presented in Table 4.1.

Table 4. Validation Results of the Learning Device

Assessment Aspect Validator | Validator | Validator | Average | Category
1 2 3
Content Relevance 4.5 4.3 4.4 4.4 Very
Valid
Clarity of Steps 4.2 4.3 4.1 4.2 Valid
PBL & Scientific Approach 4.4 4.5 4.3 4.4 Very
Relevance Valid

As shown in Table 4., all aspects scored above 4.2, indicating that the learning device is very

valid for use.

b. Practicality Test Results

The practicality of the devices was assessed based on teacher and student feedback.
Teachers reported ease in applying lesson plans, managing worksheets, and guiding students
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during learning. Students reported that the learning devices were easy to understand and
enjoyable, particularly through PBL-based discussion activities.

Table 5. Results of Learning Device Practicality Questionnaire

Assessment Aspect

Average Score

Category

Ease of Use

4.3

Very Practical

Student Engagement

4.2

Very Practical

Teacher & Student Satisfaction

4.4

Very Practical

c. Student Learning Motivation

Student motivation was measured using the ARCS questionnaire before and after the
implementation of the learning devices. The results are shown in Table 4.3 and Figure 4.1.

Table 6. Comparison of Student Motivation in Classes VIIA and VIIB

Class Motivation Before (Mean Motivation After (Mean Increase
Score) Score)
VIIA 58.7 82.4 +23.7
(Experimental)
VI1IB (Control) 59.2 63.5 +4.3

The data show a significant increase in motivation for the experimental class compared to the
control class, indicating that PBL-based learning devices encourage active participation and
interest in learning.

d. Student Learning Achievement
A simple linear regression analysis was conducted to determine the effect of teacher-
Student learning achievement was measured using pretest and posttest scores in mathematics.

The results are presented in Table 7.

Table 7. Comparison of Student Learning Achievement in Classes VIIA and VIIB

Class Pretest (Mean Posttest (Mean N- Improvement
Score) Score) Gain Category
VIIA 62.5 84.3 0.58 Medium-High
(Experimental)
VIIB (Control) 61.7 68.2 0.16 Low

The experimental class demonstrated a greater improvement in learning achievement
compared to the control class, confirming the effectiveness of scientific approach-based
PBL learning devices.
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3.2 Discussion

The results indicate that scientific approach-based PBL mathematics learning devices

are valid, practical, and effective in enhancing students’ motivation and learning achievement
at SMP Negeri 29 Palembang.

Device Validity: Average validation scores > 4.2 indicate that the devices are ready
for use. This aligns with previous research emphasizing that well-structured learning
devices can improve learning effectiveness.

Device Practicality: Teachers and students rated the devices as very practical,
consistent with learner-centered principles where students actively engage in
problem-solving through PBL.

Motivation Improvement: Student motivation increased significantly in the
experimental class. PBL encourages students to ask questions, discuss, and solve real-
life problems, thereby enhancing engagement.

Learning Achievement Improvement: The experimental class achieved an N-Gain
of 0.58 (medium-high), while the control class achieved only 0.16 (low). These
results show that the PBL model develops students’ critical, creative, and analytical
thinking skills in problem-solving

Teacher Role as Facilitator: Teachers guide students in discovering and solving
problems, rather than serving as the primary source of information. This aligns with
the scientific approach, which emphasizes observation, problem identification,
hypothesis formulation, experimentation, and result communication

In conclusion, scientific approach-based PBL learning devices not only enhance students’
motivation and achievement but also promote independence, critical thinking, and
collaborative skills.

4.

CONCLUSION
Based on the research results and discussion, the following conclusions can be drawn:

Validity and Practicality of the Learning Devices

The mathematics learning devices based on the scientific approach with the Problem
Based Learning (PBL) model are proven to be valid and practical. The average
validity score is > 4.2, categorized as very valid, and both teachers and students
assessed the devices as easy to use, clear, and appropriate for learning needs.

Increase in Students’ Learning Motivation

The implementation of these learning devices significantly increased the learning
motivation of the experimental class students. Students became more active in
discussions, asking and answering questions, and identifying mathematical problems
in real-life contexts compared to the control class using conventional methods.
Improvement in Students’ Learning Achievement

The mathematics learning achievement of students in the experimental class improved
more than that of the control class. The N-Gain of the experimental class reached 0.58
(medium-high), while the control class only reached 0.16 (low), indicating the
effectiveness of the scientific approach combined with the PBL model in developing
students’ critical, creative, and analytical thinking skills.
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4. Teacher’s Role and Implementation of the PBL Model
Teachers acted as facilitators guiding students to discover and solve problems
independently. The PBL model emphasizes observation, problem identification,
hypothesis formulation, experimentation, and communication of results, allowing
students to learn actively and collaboratively.
5. Implications for Learning
The use of learning devices based on the scientific approach with PBL not only
improves motivation and learning achievement but also fosters independent learning,
collaborative skills, and students’ critical thinking abilities.

S. REFERENCES

Ahdhianto, E., Marsigit, Haryanto, & Santi, N. N. (2020). The effect of metacognitive-based
contextual learning model on fifth-grade students’ problem-solving and
mathematical communication skills. European Journal of Educational Research,
9(2), 753-764. https://doi.org/10.12973/eu-jer.9.2.753

Almira, A. (2016). Pembelajaran Matematika Dengan Menggunakan Model Kooperatif Tipe
Talking Stick. Logaritma, 4(1), 1-16.

Baleghizadeh, S., & Maryam, B. (2019). The Effect of Summary Writing on Reading
Comprehension: the Role of Mediation in Efl Classroom. New England Reading

Association Journal, 47(1), 44-48.
http://search.ebscohost.com/login.aspx?direct=true&db=aph&AN=88399940&site=
ehost-live

Bellini, D., Crescentini, A., Zanolla, G., Cubico, S., Favretto, G., Faccincani, L., Ardolino,
P., & Gianesini, G. (2019). Mathematical Competence Scale (MCS) for primary
school: The psychometric properties and the validation of an instrument to enhance
the sustainability of talents development through the numeracy skills assessment.
Sustainability (Switzerland), 11(9). https://doi.org/10.3390/su11092569

Canbazoglu, H. B., & Tarim, K. (2020). An Activity-Based Practice for Improving
Mathematical Literacy and Awareness of Elementary School Teacher Candidates.
Pegem Egitim ve Ogretim Dergisi, 10(4), 1183-1218.
https://doi.org/10.14527/pegegog.2020.036

Grover, S., & Pea, R. (2013). Computational Thinking in K-12: A Review of the State of the
Field. Educational Researcher, 42(1), 38-43.
https://doi.org/10.3102/0013189X12463051

Guo, P., Saab, N., Post, L. S., & Admiraal, W. (2020). A review of project-based learning in
higher education: Student outcomes and measures. International Journal of
Educational Research, 102(May), 101586.
https://doi.org/10.1016/j.ijer.2020.101586

Hamidah, H., Rabbani, T. A. S., Fauziah, S., Puspita, R. A., Gasalba, R. A., & Nirwansyah.
(2020). HOTS-Oriented Module: Project-Based Learning.

Harahap, L. ., & Rakhmawati, F. (2020). Analisis Kemampuan Representasi Matematis
Siswa Pada Materi Sistem Persamaan Linear Dua Variabel (Spldv) di Kelas VIII 3
Mts Al-Jam’iyatul Wasliyah Tembung. AXIOM: Jurnal Pendidikan Dan
Matematika, 2. http://repository.uinsu.ac.id/id/eprint/7795

Jaya, A., Hermansyah, & Rosmiyati, E. (2019). Redefining Project Based Learning In
English Class. Esteem Journal of English Education Study Programme,
2(https://jurnal.univpgri-palembang.ac.id/index.php/esteem/issue/view/304).
https://doi.org/https://doi.org/10.31851/esteem.v2i2.2423

54



Melinda et al. Volume 10 Nomor 1 2022, 47-56

Jonassen, D. (2011). Supporting problem solving in PBL. Interdisciplinary Journal of
Problem-Based Learning, 5(2), 95-119.

Keeley, L., Pikkel, R., Quinn, B., & Walters, H. (2019). Ten Types of Innovation. In
Sustainability (Switzerland) (Vol. 11, Issue 1). Wiley.
http://scioteca.caf.com/bitstream/handle/123456789/1091/RED2017-Eng-
8ene.pdf?sequence=12&isAllowed=y%0Ahttp://dx.doi.org/10.1016/j.regsciurbeco.2
008.06.005%0Ahttps://www.researchgate.net/publication/305320484 SISTEM_PE
MBETUNGAN_TERPUSAT_STRATEGI_MELESTARI

Kolar, V. M., & Hodnik, T. (2020). Mathematical literacy from the perspective of solving
contextual problems. European Journal of Educational Research, 10(1), 467—483.
https://doi.org/10.12973/EU-JER.10.1.467

Kurniati, K., Kusumah, Y. S., & Sabandar, J., & Herman, T. (2015). Mathematical critical
thinking ability through contextual teaching and learning approach. Journal on
Mathematics Education, 6(1), 53-62.

Liu, X., Peng, M. Y. P., Anser, M. K., Chong, W. L., & Lin, B. (2020). Key Teacher
Attitudes for Sustainable Development of Student Employability by Social
Cognitive Career Theory: The Mediating Roles of Self-Efficacy and Problem-Based
Learning. Frontiers in Psychology, 11(September).
https://doi.org/10.3389/fpsyg.2020.01945

Maulana, D. F., Wardono, Marwoto, P., & Mariani, S. (2019). The ability of mathematical
literacy on learning treffinger realistic assistance schoology. Journal of Physics:
Conference Series, 1321(3). https://doi.org/10.1088/1742-6596/1321/3/032132

Miller, E. C., Severance, S., & Krajcik, J. (2021). Motivating Teaching, Sustaining Change in
Practice: Design Principles for Teacher Learning in Project-Based Learning
Contexts. Journal of Science Teacher Education, 32(7), 757-779.
https://doi.org/10.1080/1046560X.2020.1864099

Mulyasa, E. (2013). Kurikulum 2013: Implementasi dan Pengembangan Pembelajaran.
Remaja Rosdakarya.

Nugraha, A. E., & Suyatmin. (2021). Peningkatan Hasil Belajar dan Aktivitas Belajar Siswa
Melalui Penggunaan Metode Demonstrasi Pada Mata Pelajaran Matematika di SD
Negeri 2 Neglasari Tasikmalaya. JIEES: Journal of Islamic Education at
Elementary School, 2(1), 12-21.

Nuraini, L. (2019). Integrasi nilai kearifan lokal dalam pembelajaran matematika sd/mi
kurikulum ~ 2013.  Jurnal  Pendidikan =~ Matematika  (Kudus),  1(2).
https://doi.org/10.21043/jmtk.v1i2.4143

Osakue, E. E., Ph, D., & Thomas, G. (2011). Students ’ Perception of Project Assisted
Learning. Latin American and Caribbean Journal of Engineering Education, 5(1),
12-17.

Rismen, S., Putri, W., & Jufri, L. H. (2022). Kemampuan Literasi Matematika Ditinjau dari
Gaya Belajar. Jurnal Cendekia : Jurnal Pendidikan Matematika, 6(1), 348-364.
https://doi.org/10.31004/cendekia.v6i1.1093

Samosir, C. M., & Dasari, D. (2022). The Effect of Math Anxiety On Mathematical Problem-
Solving Ability. Tunas: Jurnal Pendidikan Guru Sekolah Dasar, 8(1), 99-105.
https://doi.org/10.33084/tunas.v8i1.4305

Sugiyono. (2021). Metode Penelitian Pendidikan (Kuantitatif, Kualitatif, Kombinasi, R&D
dan Penelitian Pendidikan) (A. Nuryanto (ed.); Kedua). ALFABETA, CV.

Suyitno, A., Suyitno, H., & Sugiharti, E. (2021). Integration of 4C competencies in online
mathematics learning in junior high schools during the covid-19 pandemic. Journal
of Physics: Conference Series, 1918(4), 113-124. https://doi.org/10.1088/1742-
6596/1918/4/042083

55



DEVELOPMENT OF MATHEMATICS LEARNING TOOLS BASED ON A SCIENTIFIC
APPROACH USING THE PROBLEM-BASED LEARNING (PBL) MODEL TO IMPROVE
STUDENTS’ MOTIVATION AND LEARNING ACHIEVEMENT
Tarigan, Z. J. H., Mochtar, J., Basana, S. ., & Siagian, H. (2021). The effect of competency
management on organizational performance through supply chain integration and
quality. Petra Christian University.
Wismath, S. L., & Orr, D. (2015). Collaborative Learning in Problem Solving: A Case Study
in Metacognitive Learning. The Canadian Journal for the Scholarship of Teaching
and Learning, 6(3). https://doi.org/10.5206/CJSOTL-RCACEA.2015.3.10

56



