
 

HYDROGEN 

JURNAL KEPENDIDIKAN KIMIA 
http://ojs.ikipmataram.ac.id/index.php/hydrogen/index 

February 2023, 11(1),  

e-ISSN: 2656-3061  

p-ISSN: 2338-6487 

pp. 34-39     

  
 

Copyright © HJKK, Authors 

The Effectiveness of Problem-Based Flipped Classroom Model in Improving 

Chemistry Learning Outcomes of Buffer Solution 
 

Nurul Lestari Musva*, Maria Erna, Abdullah 
 Chemistry Education Study Program, FKIP, Universitas Riau,  Jl. Kampus Bina Widya Km 

12,5 Simpang Baru, Pekanbaru, Indonesia. 28293 
* Corresponding Author e-mail: musvanurul@gmail.com 

 
Article History  

Received: 04-01-2023 

Revised: 08-02-2023 

Published: 15-02-2023 

 

Keywords: problem-

based learning type 

flipped classroom, 

learning outcomes, 

buffer solutions 

Abstract 

The concept of buffer solutions is ubiquitous in everyday life, encompassing 

macroscopic, symbolic, and microscopic representations. Effective learning of these 

concepts requires students to understand the subject matter, analyze it, and apply 

their knowledge to real-life situations. This study aimed to assess the impact of 

problem-based learning in a flipped classroom model on the learning outcomes of 

11th-grade science students studying buffer solutions at SMAN 12 Pekanbaru. The 

study employed a quasi-experimental design with a pretest-posttest control group. 

The sample consisted of two groups of 11th-grade science students: Group 3 served 

as the experimental group and Group 4 as the control group. Data was collected 

through a test and analyzed using t-test in SPSS 22. The results revealed that the 

problem-based learning approach in the flipped classroom model effectively 

improved the learning outcomes of 11th-grade science students studying buffer 

solutions at SMAN 12 Pekanbaru. The experimental group showed an average 

improvement of 7.394 over the control group, with a significant (α) t-value of 0.013. 

 

How to Cite: Musva, N., Erna, M., & Abdullah, A. (2023). The Effectiveness of Problem-Based Flipped 

Classroom Model in Improving Chemistry Learning Outcomes of Buffer Solution. Hydrogen: Jurnal 

Kependidikan Kimia, 11(1), 34-39. doi:https://doi.org/10.33394/hjkk.v11i1.6213 

 

 https://doi.org/10.33394/hjkk.v11i1.6213 
This is an open-access article under the CC-BY-SA License. 

 

 

INTRODUCTION 

The study of education is crucial in advancing and improving human resources and is a crucial 

factor in the development of a nation (Indriastuti et al., 2017). In high school chemistry lessons, 

students learn about the arrangement, structure, properties, changes in matter, and the 

accompanying energy changes (M. Purba & Sunardi, 2012). The buffer solution is a topic 

taught to 11th-grade students, requiring not only rote memorization but also understanding and 

analysis of calculations (Hariani, W., Laliyo, L. A. R., & Musa, 2016). To comprehend the 

buffer solution, students should have a fundamental understanding of the concepts of acid-base, 

equilibrium, and salt hydrolysis (Hariani, W., Laliyo, L. A. R., & Musa, 2016). 

Interesting and varied learning experiences can enhance students' understanding of concepts 

and improve learning outcomes (Armiati & Pahriah, 2015). The choice of appropriate teaching 

methods can facilitate effective learning (Ario & Asra, 2018; Pahriah & Khery, 2017). 

Utilization of technology in education, such as access to online resources and video technology, 

can change students' learning experiences by promoting independence (Khery et al., 2020; 

Khumairah et al., 2020). In the flipped classroom model, teachers provide learning videos 

before the classroom session, encouraging students to learn actively and independently and 

affecting learning outcomes (Erlinda, 2019). 

The flipped classroom model can improve student outcomes in subjects such as the periodic 

properties of elements (Kurniasih, 2017) and align with student-centered learning as per the 
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2013 curriculum (Rizkivany & Mawardi, 2021). Students are tasked with mastering the subject 

matter before entering the classroom by watching digital videos designed by the teacher 

(Erlinda, 2019). The flipped classroom approach can also overcome time constraints and 

improve student readiness for learning (Paristiowati et al., 2020). The problem-based learning 

approach in a flipped classroom setting includes activities in reverse classrooms with the use 

of technology and support for authentic learning (Andrini et al., 2019; Dhawo, 2019; Mudhofir, 

2021). 

This learning approach is student-centered, allowing students to learn at their pace and in their 

preferred style (Hwang & Chen, 2019). It also enhances students' ability to solve contextual 

problems and promotes technological literacy (Andrini et al., 2019). The problem-based 

learning approach in a flipped classroom consists of two stages: the pre-class stage of 

exploration and the in-class stage of elaboration, confirmation, and evaluation (Steele, 2013). 

In this model, students attain the cognitive realm of remembering and understanding before 

entering the classroom and the cognitive realm of applying, analyzing, and evaluating during 

the in-class stage (Utami, 2017). 

The implementation of the flipped classroom model can provide students with opportunities to 

improve their learning outcomes and independence in learning while reducing their dependence 

on teachers (Hidayah & Mustadi, 2021). This study aims to determine the improvement in 

chemistry learning outcomes in the buffer solution subject for 11th-grade students at State 

Senior High School (SMAN) 12 Pekanbaru through the problem-based learning type of flipped 

classroom model. 

 

METHOD 

The present study is a quasi-experimental design utilizing a pretest-posttest control group 

design. Participants were divided into two groups: an experimental group consisting of 33 11th-

grade science 3 students, and a control group consisting of 33 11th-grade science 4 students. 

The study was conducted at SMAN 12 Pekanbaru located at Jl. Garuda Sakti Km 3 Bina Widya 

Village, Bina Widya District in the period of March to April 2022. Table 1 presents the results 

of the pretest-posttest control group design. 

Table 1. Research design 
Group Pretest Treatment Posttest 

Eksperimental T0 X T1 

Control T0 - T1 

Note: 

T0  : Pretest results of experimental groupes and control groupes 

 X  : Treatment of experimental groupes with the application of problem-based learning type of  

  flipped classroom model 

T1  : posttest results of experimental groupes and control groupes 

The research instruments were a pretest and a posttest, which were administered before and 

after the learning process, respectively. Data analysis involved three steps: normality testing 

using Shapiro-Wilk, homogeneity testing using Levene, and hypothesis testing using t-test. 

These analyses were performed using IBM SPSS Statistics 22. 

 

RESULTS AND DISCUSSION 

The pretest was conducted to assess the students' initial proficiency in buffer solution subject 

matter. The results of Shapiro Wilk's normality test, performed using SPSS 22, are presented 

in Table 2 for the pretest data of the experimental and control groups. The significance value 
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of both the experimental group (0.098) and the control group (0.062) was found to be greater 

than 0.05, indicating that the data was distributed normally. Subsequently, a homogeneity test 

was performed, and the results, presented in Table 3, showed a significance value of 0.331 

(greater than 0.05), indicating homogeneous data distribution. 

Table 2. Shapiro-Wilk’s normality test through SPSS 22 for pretest data 

Group 
Shapiro Wilk 

Statistics Df Sig. 

Experimental 0,945 33 0,098 

Control 0,945 33 0,062 

Table 3. Levene’s homogeneity test through SPSS 22 for pretest data 

Levene statistics df1 df2 Sig. 

0,959 1 64 0,331 

The results of the Shapiro-Wilk's normality test for the pretest and posttest difference data are 

presented in Table 4. Both the experimental group (0.227) and the control group (0.338) 

showed a significance value greater than 0.05, indicating that the data was normally distributed. 

Table 5 shows the results of the independent sample t-test for the difference in posttest and 

pretest values of the experimental and control groups, performed using SPSS 22. The 

significance value of 0.013 (less than 0.05) suggests that the hypothesis that there is a difference 

in the chemistry learning outcomes between the experimental group using the problem-based 

learning type of flipped classroom model and the control group is accepted. 

Tabel 4 Shapiro Wilk normality test through SPSS 22 for different pretest-posttest data 

Group 
Shapiro Wilk 

Statistics Df Sig. 

Experimental 0,958 33 0,227 

Control 0,964 33 0,338 

Table 5. Hypothesis test results 

 t-test 

df Sig. (2-tailed) Mean difference 

Different of pretest-postest Pooled variance 64 0,013 7,394 

Separated variance 63,245 0,013 7,394 

The present study investigated the impact of the problem-based learning (PBL) type of flipped 

classroom model on student learning. This model involves pre-class learning outside the 

classroom, where students work individually on problems and buffer solution materials 

provided by the teacher through learning videos and textbooks (Mudhofir, 2021; Savanur et 

al., 2021). In the classroom, students engage in group discussions, present their results, and 

individually evaluate their learning through questions provided by the teacher (Mudhofir, 2021; 

Savanur et al., 2021). 

The results showed that students in the experimental group spent more time in discussion 

compared to the control group. Additionally, students in the experimental group were more 

focused on answering and working on the problems due to their prior exposure to the learning 

materials through learning videos. In contrast, the learning process in the control group started 

with a teacher-led explanation of the learning materials, which resulted in the teacher having 

to guide the students more during group discussions. Furthermore, the problem-solving 

abilities of the experimental group were higher than those of the control group, aligning with 

previous findings that students who learn through the PBL flipped classroom model exhibit 

improved problem-solving skills compared to those in the traditional flipped classroom model 

(Arnata et al., 2020). 
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The pre-class learning stage in the experimental group allowed for the cognitive domains of 

remembering and understanding (C1 and C2 of Bloom's Taxonomy) to be covered before 

entering the classroom, while the cognitive domains of applying, analyzing, and evaluating 

(C3, C4, and C5 of Bloom's Taxonomy) were carried out in the classroom. Conversely, the 

control group only carried out the cognitive domains inside the classroom. This difference in 

learning treatment and motivation between the experimental and control groups led to higher 

learning achievement in the experimental group. 

The increased student learning outcomes in the experimental group were attributed to their 

exposure to the learning materials through learning videos, which allowed for repeated viewing 

and a longer time for students to understand the learning materials. The flipped classroom 

learning model improved student learning outcomes, problem-solving skills, and student 

satisfaction, as reported in previous studies (Nhạc, 2021; Nouri, 2016; Susanti et al., 2018). 

Furthermore, the flipped classroom approach allowed for self-study, improved learning 

experiences, such as individual tasks and teamwork, and better preparation for in-class learning 

(S. E. E. Purba et al., 2021; Andrini et al., 2019; Nwosisi et al., 2016; Chis et al., 2018). In 

conclusion, the PBL type of flipped classroom model demonstrated superiority in enhancing 

student learning outcomes and problem-solving abilities compared to traditional learning 

models (Erita et al., 2021). 

 

CONCLUSION 

In conclusion, based on the results of data analysis and discussions, it can be established that 

the problem-based learning type flipped classroom learning model is effective in improving 

chemistry learning outcomes in the buffer solution lesson for 11th-grade students at SMAN 12 

Pekanbaru. The hypothesis test results obtained from SPSS 22 showed a significant difference 

in the chemistry learning outcomes between the experimental group and the control group, with 

an average increase of 7.394 in the experimental group compared to the control group. The 

significance of this result is indicated by the low t-value of 0.013. This study highlights the 

potential of problem-based learning as a teaching method in improving student performance in 

chemistry and underscores the need for continued exploration and implementation of 

innovative teaching strategies in the classroom. 

 

BIBLIOGRAPHY 

Andrini, V. S., Pratama, H., & Maduretno, T. W. (2019). The effect of flipped classroom and 

project-based learning model on student’s critical thinking ability. Journal of Physics: 

Conference Series, 1171(1). https://doi.org/10.1088/1742-6596/1171/1/012010 

Ario, M., & Asra, A. (2018). Pengaruh Pembelajaran Flipped Classroom terhadap Hasil Belajar 

Kalkulus Integral Mahasiswa Pendidikan Matematika. ANARGYA: Jurnal Ilmiah 

Pendidikan Matematika, 1(2), 82–88. https://doi.org/10.24176/anargya.v1i2.2477 

Armiati, S. E., & Pahriah, P. (2015). Pengaruh Model Somatic Auditory Visualization 

Intellectualy (Savi) Dengan Media Puzzle Terhadap Aktivitas Dan Pemahaman Konsep 

Siswa Pada Materi Hidrokarbon. Hydrogen: Jurnal Kependidikan Kimia, 3(2), 302. 

https://doi.org/10.33394/hjkk.v3i2.688 

Arnata, I. W., Mardana, I. B. P., & Suwindra, I. N. P. (2020). Pengaruh Model Pembelajaran 

Problem Based Flipped Classroom terhadap Keterampilan Pemecahan Masalah Siswa 

Kelas XI IPA. Jurnal Pendidikan Fisika Undiksha, 10(1), 36–48. 

Chandra, F. H., & Nugroho, Y. W. (2016). Peran Teknologi Video dalam Flipped Classroom. 



 

Musva, N., Erna, M., & Abdullah, A. The Effectiveness of Problem-Based … 

 

Hydrogen: Jurnal Kependidikan Kimia, February 2023, 11(1) |38 

 

Dinamika Teknologi, 8(1), 15–20. 

Chis, A. E., Moldovan, A. N., Murphy, L., Pathak, P., & Muntean, C. H. (2018). Investigating 

Flipped Classroom and Problem-based Learning in a programming module for computing 

conversion course. Educational Technology and Society, 21(4), 232–247. 

Dhawo, M. S. (2019). Effectiveness of Combined Problem-Based Learning and Flipped 

Classroom Strategies in Teaching a Medical-Surgical Nursing Course: A Randomized 

Controlled Trial Study. KnE Life Sciences, 2019, 837–846. 

https://doi.org/10.18502/kls.v4i13.5343 

Erita, S., Rusdi, M., Naswir, M., & Marzal, J. (2021). Proscedure Of Modification Problem 

Based Learning Models By Integrated Flipped Classroom Of Prospective Argumentation 

Mathematics. International Journal of Scientific & Technology Research, 10(02), 167–

170. 

Erlinda, R. (2019). Flipped Classroom: an Inventive Learning Approach in Engaging 

21Stcentury Learners in Digital Age. PROCEEDING IAIN Batusangkar, 2017. 

http://ecampus.iainbatusangkar.ac.id/ojs/index.php/proceedings/article/view/1275 

Hariani, W., Laliyo, L. A. R., & Musa, W. J. A. (2016). Kemampuan Pemahaman Konseptual 

dan Algoritmik Siswa dalam Menyelesaikan Soal-Soal Larutan Penyangga. Jurnal 

Entropi: Inovasi Penelitian, Pendidikan, Dan Pembelajaran Sains, 11(2), 196–203. 

https://media.neliti.com/media/publications/277636-kemampuan-pemahaman-

konseptual-dan-algor-d9f57fb8.pdf 

Hidayah, L. R., & Mustadi, A. (2021). The Implementation of The Flipped Classroom for Early 

Grade Students in Elementary School. International Journal of Elementary Education, 

5(1), 98. https://doi.org/10.23887/ijee.v5i1.33151 

Hwang, G. J., & Chen, P. T. (2019). Effects of a Collective Problem-Solving Promotion-Based 

Flipped Classroom on Students Learning Performaces and Interactive Patterns. Journal 

Interactive Learning Environment, 27(1), 1–16. 

https://doi.org/https://doi.org/10.1080/10494820.2019.1568263 

Indriastuti, A., Sutaryadi, & Susantiningrum. (2017). Pengaruh Kesiapan Belajar Siswa dan 

Keterampilan Mengajar Guru Terhadap Hasil Belajar. Jurnal Informasi Dan Komunikasi 

Administrasi Perkantoran, 1(1), 37–52. https://jurnal.uns.ac.id/JIKAP/article/view/19546 

Khery, Y., Nufida, B. A., Suryati, S., Rahayu, S., & Aini, M. (2020). The Influence of Mobile-

NOS Model of Learning towards Students Understanding on the Nature of Science. 

Journal of Physics: Conference Series, 1464(1). https://doi.org/10.1088/1742-

6596/1464/1/012015 

Khumairah, R., Sundaryono, A., & Handayani, D. (2020). Pengaruh Model Pembelajaran 

Flipped Classroom Terhadap Hasil Belajar Kimia Siswa Pada Materi Larutan Penyangga 

Di Sman 5 Kota Bengkulu. Alotrop, 4(2), 92–97. https://doi.org/10.33369/atp.v4i2.13832 

Kurniasih, D. (2017). Upaya Meningkatkan Hasil Belajar Siswa Dengan Model Pembelajaran 

Flipped Classroom Pada Materi Sifat-Sifat Sistem Periodik Di Kelas X MIA 1 MAN 2 

Sumedang. JESA Jurnal Edukasi Sebelas April, 1(2), 121-127. 

https://garuda.kemdikbud.go.id/documents/detail/1908176 

Mudhofir, A. (2021). Effect of Problem Based Learning Model Combination Flipped 

Classroom Against Problem Solving Ability. The International Journal of High 

Education Scientists (IJHES), 2(2), 11–26. www.ijhes.com 

Nhạc, H. T. (2021). Effects of Flipped Classroom on Students’ Academic Achievement in 



 

Musva, N., Erna, M., & Abdullah, A. The Effectiveness of Problem-Based … 

 

Hydrogen: Jurnal Kependidikan Kimia, February 2023, 11(1) |39 

 

Legal English Learning Context. LLT Journal: A Journal on Language and Language 

Teaching, 24(2), 428–438. https://doi.org/10.24071/llt.v24i2.3542 

Nouri, J. (2016). The flipped classroom: for active, effective and increased learning – especially 

for low achievers. International Journal of Educational Technology in Higher Education, 

13(1). https://doi.org/10.1186/s41239-016-0032-z 

Nwosisi, C., Ferreira, A., Rosenberg, W., & Walsh, K. (2016). A Study of the Flipped 

Classroom and Its Effectiveness in Flipping Thirty Percent of the Course Content. 

International Journal of Information and Education Technology, 6(5), 348–351. 

https://doi.org/10.7763/ijiet.2016.v6.712 

Pahriah, P., & Khery, Y. (2017). Aplikasi Pembelajaran Berbasis Android Pada Materi Sistem 

Periodik Unsur Untuk Peningkatan Pemahaman Konsep Mahasiswa. Hydrogen: Jurnal 

Kependidikan Kimia, 5(1), 24. https://doi.org/10.33394/hjkk.v5i1.105 

Paristiowati, M., Fitriani, E., Cahyana, U., Muhab, S., Octavia, C. D., & Idroes, R. (2020). The 

Integration of a Flipped Classroom , and Learning , and its Effect on Students ’ Critical 

Thinking Skills in Chemistry. International Journal of Innovation, Creativity and 

Change, 13(9), 468–478. 

Purba, M., & Sunardi. (2012). Kimia I Untuk SMA/MA Kelas X. Erlangga. 

Purba, S. E. E., Kristiani, Sangka, K. B., & Hussain, O. K. (2021). The Flipped Classroom: An 

Overview of its Impact on Economics Learning. International Journal of Pedagogy and 

Teacher Education, 5(1), 26. https://doi.org/10.20961/ijpte.v5i1.49750 

Rizkivany, L., & Mawardi, M. (2021). The development of flipped-guided inquiry based 

learning system on redox and electrochemical Reactions for class XII SMA. International 

Journal of Progressive Sciences and Technologies (IJPSAT, 27(2), 382–387. 

http://ijpsat.ijsht-journals.org 

Savanur, N., Kulkarni, P., Mohanachandran, P., & Kuppasagoudra, D. (2021). Flipped 

classroom - Role of technical assemblage. Journal of Engineering Education 

Transformations, 34(Special Issue), 170–174. 

https://doi.org/10.16920/jeet/2021/v34i0/157129 

Steele, K. (2013). The Flipped Classroom: Cutting-Edge, Practcal Strategies to Successfully 

“Flip” Your Classroom. www.kevinmsteele.com. 

Susanti, I., Asih, E. C., & Priatna, B. A. (2018). Flipped classroom model of mathematics 

learning outcomes. International Conference on Mathematics and Science Education, 3, 

419–422. 

http://science.conference.upi.edu/proceeding/index.php/ICMScE/article/view/181 

Utami, S. (2017). Pengaruh Model Pembelajaran Flipped Classroom Tipe Peer Instruction 

Flipped terhadap Kemampuan Pemecahan Masalah Matematik Siswa [Universitas Islam 

Negeri Syarif Hidayatullah]. In Fakultas Ilmu Tarbiyah dan Keguruan. 

http://repository.uinjkt.ac.id/dspace/handle/123456789/34720 

 

 


