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Abstract: This study aims to determine the effect of problem-based learning on higher-order thinking 

skills (HOTS) through meta-analysis. Data is collected by research documentation generated from 

various sources collected through the Internet. These articles were published from 2019 to 2022. The 

themes discussed the effect of PBL to HOTS on students' skill abilities, analysed quantitatively, described 

data in sample sizes, standard deviations, and averages, and published in journals and indexed on 

Google Scholar. The analysis design used a contrast group with a random effects model that corrected 

for effect sizes. The analysis used JASP software to calculate mean aggregate differences, plot forest 

plots, and publication bias. The study results show a significant difference between groups using control 

and experimental in the learning process (SE = 1.00); students who use PBL in learning have better 

learning outcomes than those who do use conventional. Based on the analysis results, the urgency of 

implementing PBL is evident in supporting the problem-based learning process with HOTS skills. 
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INTRODUCTION  

The millennial era has brought significant changes in various fields of life, one of which is in 

the world of education (Arlinwibowo, Mustaqim, et al., 2021; Marsigit et al., 2020). Education is 

a form of embodiment of dynamic and developing human culture (Zurqoni et al., 2018). Educa-

tion can support future development education that can set students to help with the difficul-

ties that occur in life (Syarifah & Ritonga, 2020). In addition, education in the era of the indus-

trial revolution 4.0 is marked by the emergence of new literacy, namely data literacy, techno-

logical literacy, and human literacy (Yurniwati & Soleh, 2020). To face challenges and problems 

that increasingly require technology and science in this global community (Arlinwibowo, 

Retnawati, Hadi, et al., 2021), the world of education must be oriented to preparing the younger 

generation to have 21st Century Skills (Arlinwibowo et al., 2020; Arlinwibowo, Retnawati, & 

Kartowagiran, 2021b).  

21st-century skills are the answer to the challenges of the industrial revolution era 4.0 

(Arlinwibowo, Retnawati, & Kartowagiran, 2021a; Arlinwibowo et al., 2022). In which the State 

needs to change three things in the world of education to answer the challenges of the indus-
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trial revolution 4.0, namely first: changes in the nature and mindset of today's children (charac-

ter), second: schools must be able to hone and develop children's talents (critical and creative), 

third: educational institutions can change the learning model according to the needs of the 

times (communication, collaboration and networking) (Ahmad et al., 2022). 

HOTS is a thinking process that memorises and conveys already known information and the 

skills to connect existing knowledge and experience into creative thinking in making decisions 

and solving problems in new situations. Students with high-order thinking skills in learning will 

cause them to get used to analysing and thinking creatively in solving problems found in 

everyday life (Simanjuntak et al., 2021).  

HOTS has a vital role when it comes to 21st-century skills. However, the facts on the ground 

show that the capacity of HOTS students is still relatively low. Students are still learning at the 

level of remembering, understanding and applying and are not accustomed to being trained 

in the ability to analyse, evaluate, and create. Based on the research results, Saido et al. showed 

that previously teachers learned to remember students; in contrast, teachers still did not carry 

out innovative learning, such as project learning, problem-based learning, collaborative learn-

ing and research. This is reflected in the PISA Study results, which ranked 64th in 65 countries 

in 2012, and 2015 was rated 64th out of 72 countries (Gurria, 2012). The ranking shows that 

Indonesian students are still at a low level of proficiency. 

The implementation of the education system in Indonesia currently uses the revised 2013 

Curriculum, which aims to make students have higher-order thinking skills in Higher Order 

Thinking Skills (HOTS). One learning model that is expected to increase HOTS ability is Problem 

Based Learning (PBL). The Problem Based Learning (PBL) model is designed in real-world prob-

lems as a context for students to gain essential knowledge, learn critical thinking methods and 

problem-solving skills, and connect knowledge and experience to critical and creative thinking 

to make decisions. And solve problems in new situations (Prastiwi et al., 2019).  

Thus, this study aims to determine the effectiveness of applying the PBL model for students' 

problem-solving skills in HOTS ability enhancement content. It is hoped that the results of this 

meta-analysis can be used as an overview of problem-based learning in improving students' 

HOTS abilities to be used as a basis for critical and creative thinking in solving problems.  

METHODS 

This study is a meta-analysis that summarises the results of similar studies and ends with 

global conclusions. The theme of this research is the impact of problem-based learning in im-

proving higher-order thinking skills (HOTS). Thus, the population of data in this article is a study 

of all studies comparing the results of problem-based learning through the control class (no 

treatment) and the experimental style (treated). The analysed articles were published in journals 

from 2019 to 2022 in English. The engineering article collection uses Google Scholar as a search 

engine that links to various journal portals and indexing institutions. This strategy is used to 

collect the broadest possible data to obtain many data to represent global conditions and 

avoid bias comprehensively. 

The inclusion criteria in this study based on articles published from 2019 to 2022 were: (i) 

Articles published in the United Nations Language; (ii) This article discusses problem-based 

learning to improve higher-order thinking skills (HOTS); (iii) Articles are analysed quantitatively; 

(iv) The article describes the data in the form of sample size, standard deviation, and average; 

(v) Articles published in journals indexed in Google Scholar. 

Articles that do not meet the six inclusion criteria will be included in the pool of pieces that 

fall under the exclusion criteria. Papers that fall within the exclusion criteria will not be included 



Psychology, Evaluation, and Technology in Educational Research, 5 (1), 2022, 45 
Risqi Utami, Azma Rosyida, Janu Arlinwibowo, Gupita Nadindra Fatima 

Copyright © 2022, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506 

in the meta-analysis process. Finally, the researchers collected 28 articles that included data on 

sample size, the standard deviation of data, and the mean of study results. These three data 

are the basis for finding global conclusions. If these data are unavailable, the article will be 

omitted from the sample set to be analysed. So, from the final collection of research results, 28 

themes will be explored using meta-analysis techniques. 

This study uses a random effect model to generalise the research results to the population 

(not only valid for concluding data findings). The requirement for selecting the random effects 

model is heterogeneity information I2> 25%. The type of meta-analysis in this study is a con-

trast group that will show whether there is a difference between the control and experimental 

classes in higher-order thinking skills (HOTS). The data obtained have varying intervals 

(difference between the minimum and maximum values), so the data must be standardised. 

The estimated mean/effect sample size (d) is normalised by (1): 

1(𝑜𝑛𝑒𝑑) =  
𝑥1− 𝑥2

𝑆𝑤𝑖𝑡ℎ𝑖𝑛
, 1𝑆𝑤𝑖𝑡ℎ𝑖𝑛 =  √

(𝑛1−1)𝑆1
2+(𝑛2−1)𝑆2

2 

(𝑛1−1)(𝑛2−1)
  .................................................................................................(1) 

The formula used to find the standard error d (SEd) is (2): 

𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑝𝑡𝑆𝐸𝑑 =  √𝑉𝑑 , where 𝑉𝑑 =
𝑛1+𝑛2

𝑛1𝑛2
+  

𝑑2

2(𝑛1+𝑛2)
 ....................................................................................... (2) 

Hedges Retnawati et al. (2018) shows that the resulting d has a slight bias. To minimize bias, 

Hedges changed to (3) and (4). 

𝑔 = 𝐽 × 𝑑, with 𝐽 = 1 −  
3

4𝑑𝑓−1
 .......................................................................................................................................... (3) 

𝑑𝑓 = 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑓𝑟𝑒𝑒𝑑𝑜𝑚 (𝑛1 + 𝑛2 − 2) 

𝑆𝐸𝑔 =  √𝑉𝑔, with 𝑉𝑔 = 𝐽 × 𝑉𝑑 ............................................................................................................................. (4) 

Then, the analysis process is carried out using JASP software. The data entered is g as a 

practical measure and generates predictive plots in which there are value intervals and standard 

errors for each study and conclusion. In addition, JASP also helps in calculating heterogeneity 

and publication bias (funnel planning). Thus, it can be concluded that the effect of problem-

based learning on higher-order thinking skills (HOTS). 

RESULTS AND DISCUSSION  

Result 

This study analyzed 28 research results taken from 40 articles. Several studies have produced 

several research results. Several studies, Liana et al. (2020a) shared interactive mobile learning 

media to improve students' hots skills supported by a problem-based learning model. Liana et 

al. (2020b) share Learning Media with Problem Solving Approach: Its Effect on Higher Order 

Thinking Skills. Tumanggor et al. (2020) share students' higher-order thinking skills through 

problem-based learning in Bandung.  

The selected research generally finds the effect of problem-based learning in improving 

higher-order thinking skills (HOTS). In this study, what is meant by analysis are students who 

can think critically and creatively in solving problems? The study compared the control group 

with the experimental group (ICT-based). Based on the data sample size, mean, and standard 

deviation, researchers can produce an effect size and standard error, as presented in Table 1. 

Based on the data in Table 1. A heterogeneity test will be conducted to show the model's 

suitability with the data. The results of the heterogeneity test are shown in Table 2. 

Notes: (i) M = mean of each data presented in the study sample; (ii) n = the number of data 

displayed in the sample study; (iii) SD = standard deviation indicated in the study sample; (iv) 
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Esg = Effect size as a quantitative index used to summarise study results in the meta-analysis. 

That is, the effect size reflects the magnitude of the relationship between the variables in each 

study which in this study represents the difference between HOTS-based problem-based learn-

ing involving ICT and without involving ICT; (v) Seg = Standard Error as the value used as the 

basis for determining the actual effect size interval.  

Table 1. Summary of research data, effect size, and standard error 

ID Researcher code 
Based on ICT Conventional 

Esg Seg 
n SD M N SD M 

Study1 (Simanjuntak et al., 2021) 35 14.9 76.62 34 11 .60 44.05 2.41 0.32 

Study2 (Muttaqin et al., 2021) 20 20.446 67.50 20 20.007 58.50 0.44 0.32 

Study3 (Isnaeni et al., 2018) 36 8.72 76.72 36 7.09 60.72 1 .99 0.29 

Study4 (Hasyim et al., 2019) 30 8.46 23.25 30 13.49 56.20 -2.89 0.37 

Study5 (Khasanah & Hidayah, 2022) 91 9.14 68.7 91 10.54 38.78 3, 02 0.22 

Study6 (Shafira et al., 2022) 32 15,674 76.94 32 17,778 73.84 0.18 0.25 

Study7 (Liana et al., 2020a) 36 7.63 82.57 36 3.40 64.82 2.97 0.34 

Study8 (Gultom et al., 2021) 34 10,165 73,921 34 10,526 60,980 1.24 0.26 

Study9 (Karlina et al., 2008) 20 2.26 6.60 20 2.89 6.05 0.21 0.31 

Study10 (Ibrahim et al., 2020) 31 4.884 12.87 32 4.882 20 ,97 -1.64 0.29 

Study11 (Tumanggor et al., 2020) 34 688,750 813,23 36 951,50 729,16 0.10 0.24 

Study12 (Ibnu et al., 2020) 34 61,647 1,516  32 64,250 64,250 -1.82 0.29 

Study13 (Yurniwati & Soleh, 2020) 18 10,799 39,444 18 7,631 27,333 1.27 0.36 

Study14 (Syarifah & Ritonga, 2020) 33 5.69 76.73 33 4.78 67.73 1.69 0.29 

Study15 (Liu & Mu, 2022) 92 2.15 42.06 92 1.34 31.94 5.63 0.33 

Study16 (Pratama & Solehuddin, 

2019) 

30 11.671 76.93 30 16.993 63.73 0.89 0.27 

Study17 (Putra et al., 2021) 23 10.137 78.70 23 6.496 64.76 1.61 0.34 

Study18 (Umam et al., 2019) 18 14.61 68.89 18 11, 62 55.56 0.99 0.35 

Study19 (Rofik et al., 2022) 34 11.375 138.12 31 8.564 132.16 0.58 0.25 

Study20 (Shidiq & Sumiati, 2020) 36 10.658 125.69 36 10.366 119.83 0.55 0.24 

Study21 (Masnur & Syaparuddin, 

2019) 

25 12,069 80.40 25 11,431 71.60 0.74 0.29 

Study22 (Desrani et al., 2022) 32 8.375 75.16 32 9.672 60.00 1.66 0.29 

Study23 (Komala et al., 2021) 66 8.11 85, 45 66 8.59 78.99 0.77 0.18 

Study24 (Darby & Rashid, 2017) 30 1.94 52.36 30 2.61 50.80 0.67 0.26 

Study25 (Alsowat, 2016) 33 1.62 7.515 34 1, 95 7.617 -0.06 0.24 

Study26 (Djajanto, 2020) 80 7.53506 78.41 80 7.05 72.32 0.83 0.16 

Study27 (Hasanah & Malik, 2019) 20 5.806 81.65 20 8.525 71.50 1.36 0.35 

Study28 (Yusuf et al., 2021) 29 66.52 22.55 24 17.69 42.01 1.21 0.30 

Table 2. Residual heterogeneity estimation 

 Estimate 

I2 (%) 97,058 

This study took a random effect model so that the data must meet the heterogeneity 

assumption. I² is one method that can be used to test heterogeneity. I² describes the proportion 

of variation in the summary effect size on a scale of 0% to 100%. The data collected in this stu-

dy are shown in Table 2 resulting in I² = 97.058% > 25%, so it is said that there is heterogeneity 

so that the selection of the random effect model is by the criteria. Then to conclude, the overall 

effect can be seen in the prediction plot in Figure 1. The data in the prediction plot shows that 

the summary effect is 0.95. It can be interpreted that there is a 95% difference in higher-order 
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thinking skills (HOTS) between groups, or students who study with PBL have 100% higher learn-

ing outcomes than students who use conventional learning models. In addition, with a confi-

dence interval of 0.95%, it is known that the summary effect range is 0.37 to 1.53, so it does 

not contain zero. This shows a significant difference between problem-based learning and 

higher-order thinking skills (HOTS) students with PBL and conventional. Then, there will be an 

analysis of publication bias in the meta-analysis. This analysis is critical to show the validity of 

the conclusions in the study because the meta-analysis can be considered biased if it only takes 

research with the desired results and does not show results that accept the null hypothesis or 

give negative conclusions (against the theory/not as expected).  

 

Figure 1. Initial prediction plot 

In this meta-analysis, the Trim and Fill method can detect publication bias. Based on a 

previous study, the Trim and Fill plan uses an iterative procedure to remove the most extreme 
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small studies from the positive side of the funnel plot and then recalculate the adjusted effect 

size, reducing the effect variance, resulting in a narrower confidence interval. Thus, the resear-

cher could see changes in the effect size when unpublished studies were included in the 

analysis (Retnawati et al., 2018). The results of Crop and Fill data with the help of JASP software 

are shown in Figure 2. 

Figure 2 shows no open points in the funnel plot with the random effects model. The display 

shows no that no missing (unpublished) research was found. Therefore, the conclusion is that 

problem-based learning has a positive effect compared to conventional wisdom, which is free 

from potential bias. To strengthen this argument, the results of the initial prediction tile of 

Figure 1 will be compared with the prediction tile using the Cut and Fill Method. 

The results of the prediction plot analysis using the trim and fill method show the same 

image as Figure 1. There is no difference in each selected sample data interval between the 

initial prediction of the plot image and the predicted plot image using the trim and fill method. 

The comparison thus reinforces the previous argument that there is no indication of bias in the 

meta-analysis. Therefore, the conclusion that PBL effectively improves higher-order thinking 

skills (HOTS) compared to conventional wisdom is valid. 

Various studies have been carried out separately in space and time. So, it is not strong 

enough to justify their research results to be applicable in a wide scope. This study produces 

findings with a broad range because it concludes various studies. This meta-analysis concludes 

that the results have generality. In another sense, this is also a finding that PBL  can improve 

the quality of problem-based learning processes that impact higher-order thinking skills (HOTS) 

under normal circumstances. This finding can be used to consider the urgency of implementing 

PBL in various parts of the world, of course, with normal circumstances and situations. 

 

Figure 2. Trim and Fill method funnel plot 

Discussion 

Higher-order thinking skills include the ability to read with comprehension and identify 

required and unneeded materials. The ability to draw conclusions correctly from the given data 

and be able to determine inconsistencies and contradictions in a group of data is part of critical 

thinking skills. In other words, Hots is analytical and reflexive (Heong et al., 2012). Furthermore, 

argues that Higher Order Thinking Skills are essential to be applied in various aspects of know-
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ledge. Because students are developed to learn higher-order thinking, teachers no longer tell 

students, but students must find out. Figuring out what this means requires an intelligent and 

analytical thought process. to think intelligently and analytically means higher-order thinking. 

Higher-order thinking skills introduced early in school will positively impact later. An educator 

must be able to read various phenomena and the latest developments to develop, plan, and 

carry out a series of learning optimally to create the quality of the educational process (Dinni, 

2018). Students can read and independently identify various phenomena, challenges, problems, 

and developments to lead and direct students to higher-order thinking skills (Raiyn, 2016). 

This proves that student learning outcomes using the PBL model are better than conven-

tional learning. This result is obtained because PBL is a model based on many problems that 

require authentic inquiry, that is, investigations that need real solutions. PBL is an innovation 

in learning because, in PBL, students' thinking abilities are optimized through a systematic 

process of group or teamwork so that they can empower, sharpen, test, and develop their 

thinking skills on an ongoing basis (Syarifah & Ritonga, 2020). 

The advantages of applying the PBL model are. First, students become accustomed to 

solving problems given by the teacher, thus making students more independent. The results 

obtained are in line with (Abanikannda, 2016) research. Second, applying the PBL Model makes 

students think critically, in line with research conducted by Tarigan (2017). Third, using the PBL 

model has been proven to increase student learning activities in line with the study of (Syarifah 

& Ritonga, 2020). 

The weakness of the application of the PBL model in research is in the first stage, namely 

providing problem orientation to students; some students are less able to relate problems in 

everyday life, so they lack confidence in solving problems; in the third phase, which is helping 

independent and group investigations, there are still many students who are confused in carry-

ing out the practicum because they are not used to using practicum tools and materials and 

do not understand the work procedures they will do, causing the class to be less conducive 

and controlled. In the fifth phase, which is presenting and evaluating the problem-solving 

process, the researcher lacks time, so each group offers the results of the discussion in front of 

the class because it takes much time in the third stage, namely in the process of investigating 

the problem. 

CONCLUSION 

The analysis results show a significant difference between the results of problem-based 

learning and HOTS skills using PBL and conventional in the learning process; the students who 

learn by utilizing PBL have better learning outcomes than those who do use conventional. 

Prediction plot data shows a summary effect of 1.00 so it can be interpreted that learning out-

comes using PBL are 100% higher than students using conventional learning models. In 

addition, with 0.95% confidence, there is a summary effect interval ranging from 0.33 to 1.58 

so it does not contain zero. This shows a significant difference between students who study 

with PBL and conventional. Testing for publication bias can be done using the Trim and Fill 

method, which indicates no publication bias in the meta-analysis. Thus, the conclusion that 

problem-based learning based on PBL is more effective than conventional education is free 

from discrimination. Based on the analysis results, the urgency of implementing PBLf in 

supporting the problem-based learning process with HOTS skills is apparent.  

REFERENCES 

Abanikannda, M. O. (2016). Influence of problem-based learning in chemistry on academic 



Psychology, Evaluation, and Technology in Educational Research, 5 (1), 2022, 50 
Risqi Utami, Azma Rosyida, Janu Arlinwibowo, Gupita Nadindra Fatima 

Copyright © 2022, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506 

achievement of high school students in Osun State, Nigeria. International Journal of 

Education, Learning and Development, 4(3), 1–9. 

Ahmad, A. N., Nur, F., Majid, A. F., & Mania, S. (2022). Meta analysis: The effect of contextual 

teaching and learning model in improving students’ mathematical connection ability. 

Formatif: Jurnal Ilmiah Pendidikan MIPA, 12(2), 189–198. 

https://doi.org/10.30998/formatif.v12i2.10366 

Alsowat, H. (2016). An EFL flipped classroom teaching model: effects on English language 

higher-order thinking skills, student engagement and satisfaction. Journal of Education 

and Practice, 7(9), 108–121. https://www.learntechlib.org/p/195067/ 

Arlinwibowo, J., Mustaqim, Y., Prihandono, A., Hana, F. M., Ridwan, A., & Himayati, A. I. A. 

(2021). Developing mathematical exercise software for visually impaired students. 

Psychology, Evaluation, and Technology in Educational Research, 3(2), 77–88. 

https://doi.org/10.33292/petier.v3i2.81 

Arlinwibowo, J., Retnawati, H., Hadi, S., Kartowagiran, B., & Kassymova, G. K. (2021). 

Optimizing of item selection in computerized adaptive testing based on efficiency 

balanced information. Journal of Theoretical and Applied Information Technology, 99(4), 

921–931. http://www.jatit.org/volumes/Vol99No4/12Vol99No4.pdf 

Arlinwibowo, J., Retnawati, H., & Kartowagiran, B. (2020). Model penilaian capaian belajar 

matematika dengan framework STEM. UNY Press. 

Arlinwibowo, J., Retnawati, H., & Kartowagiran, B. (2021a). Item response theory utilization for 

developing the student collaboration ability assessment scale in STEM classes. Ingénierie 

Des Systèmes d Information, 26(4), 409–415. https://doi.org/10.18280/isi.260409 

Arlinwibowo, J., Retnawati, H., & Kartowagiran, B. (2022). The impact of ICT utilization to 

improve the learning outcome: A meta-analysis. International Journal of Evaluation and 

Research in Education (IJERE), 11(2), 522. https://doi.org/10.11591/ijere.v11i2.22112 

Arlinwibowo, J., Retnawati, H., & Kartowagiran, B. (2021b). How to integrate STEM education 

in the Indonesian curriculum? A systematic review. Challenges of Science, Iv, 18–25. 

https://doi.org/10.31643/2021.03 

Darby, N. M., & Rashid, A. M. (2017). Critical thinking disposition: The effects of infusion 

approach in engineering drawing. Journal of Education and Learning, 6(3), 305. 

https://doi.org/10.5539/jel.v6n3p305 

Desrani, A., Arifa, Z., & Susanto, S. (2022). The impact of discovery learning model based on 

high order thinking skills (HOTS) in learning Arabic on students analytical thinking skills. 

Taqdir, 7(2), 213–228. https://doi.org/10.19109/taqdir.v7i2.9910 

Dinni, H. N. (2018). HOTS (high order thinking skills) dan kaitannya dengan kemampuan 

literasi matematika. PRISMA, Prosiding Seminar Nasional Matematika, 1, 170–176. 

https://journal.unnes.ac.id/sju/index.php/prisma/article/view/19597 

Djajanto, L. (2020). Effective problem based learning presented in a blended system: One step 

toward adaptive learning. Proceedings of The 3rd International Conference on Advanced 

Research in Education, Teaching and Learning, December, 1–9. 

https://doi.org/10.33422/3rd.aretl.2020.12.121 

Gultom, S. T., Siahaan, P., & Suhandi, A. (2021). Effect of PBL hybrid learning on the higher 

order thinking skills of seventh grade students in global warming and their 

environmental care attitudes. Jurnal Penelitian Pendidikan IPA, 7(SpecialIssue), 272–280. 

https://doi.org/10.29303/jppipa.v7iSpecialIssue.1012 

https://doi.org/10.30998/formatif.v12i2.10366
https://www.learntechlib.org/p/195067/
https://doi.org/10.33292/petier.v3i2.81
http://www.jatit.org/volumes/Vol99No4/12Vol99No4.pdf
https://doi.org/10.18280/isi.260409
https://doi.org/10.11591/ijere.v11i2.22112
https://doi.org/10.31643/2021.03
https://doi.org/10.5539/jel.v6n3p305
https://doi.org/10.19109/taqdir.v7i2.9910
https://journal.unnes.ac.id/sju/index.php/prisma/article/view/19597
https://doi.org/10.33422/3rd.aretl.2020.12.121
https://doi.org/10.29303/jppipa.v7iSpecialIssue.1012


Psychology, Evaluation, and Technology in Educational Research, 5 (1), 2022, 51 
Risqi Utami, Azma Rosyida, Janu Arlinwibowo, Gupita Nadindra Fatima 

Copyright © 2022, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506 

Gurria, A. (2012). PISA 2012 results in focus: What 15 year olds know and what they can do 

with what they know. Organization for Economic Cooperation and Development. 

Hasanah, & Malik, M. N. (2019). Implementation of problem-based learning to improve 

critical thinking skills in entrepreneurs learning. Journal of Physics: Conference Series, 

1387(1), 012037. https://doi.org/10.1088/1742-6596/1387/1/012037 

Hasyim, S., Hasan, M., Gampo, M., & Nurbia, S. (2019). Application of higher order thinking 

skills (HOTS)-based problem-based-learning models to increase the critical thinking 

ability of students in education in economic lesson in class XII SMAN 11 Makasar. 

International Journal of Scientific Development and Research (IJSDR), 4(10), 1–8. 

Heong, Y. M., Yunos, J. M., Othman, W., Hassan, R., Kiong, T. T., & Mohamad, M. M. (2012). 

The needs analysis of learning higher order thinking skills for generating ideas. Procedia 

- Social and Behavioral Sciences, 59, 197–203. 

https://doi.org/10.1016/j.sbspro.2012.09.265 

Ibnu, S., Rahayu, S., & Sutrisno, S. (2020). European Journal of Educational Research. European 

Journal of Educational Research, 9(3), 1–17. https://doi.org/10.12973/eu-jer.9.3.1309 

Ibrahim, N. N., Ayub, A. F. M., & Yunus, A. S. M. (2020). Impact of higher order thinking skills 

(HOTS) module based on the cognitive apprenticeship model (CAM) on student’s 

performance. International Journal of Learning, Teaching and Educational Research, 19(7), 

246–262. https://doi.org/10.26803/ijlter.19.7.14 

Isnaeni, W., Anggiana, D. Y., Prasetyo, A. P. B., & Nugrahaningsih, W. H. (2018). Using 

problem-based worksheet on human reproductive system for improving student 

thinking skills Using problem-based worksheet on human reproductive system for 

improving student thinking skills. 5th ICMSE2018, 1–6. https://doi.org/10.1088/1742-

6596/1321/3/032051 

Karlina, D., Sopandi, W., & Sujana, A. (2008). Critical thinking skills of fourth grade in light 

properties materials through the Radec model. Proceedings The 2nd International 

Conference on Elementary Education, 2(1), 1743–1753. 

http://proceedings.upi.edu/index.php/icee/article/view/802 

Khasanah, U., & Hidayah, I. (2022). Meta analysis of learning models in improving Higher 

Order Thinking Skills (HOTS) in junior highs school mathematics learning. Unnes Journal 

of Mathematics Education, 11(1), 58–65. https://doi.org/10.15294/ujme.v11i1.55859 

Komala, R., Heryanti, E., & Rinawati, A. (2021). Effect of problem-based learning model on 

biodiversity problem-solving skills. Biosfer, 14(1), 120–131. 

https://doi.org/10.21009/biosferjpb.16325 

Liana, Y. R., Linuwih, S., & Sulhadi, S. (2020a). Interactive mobile learning media to improve 

students’ HOTS ability supported with problem-based learning model. Jurnal Pendidikan 

Fisika, 9(1), 1–11. https://doi.org/10.22611/jpf.v9i1.18128 

Liana, Y. R., Linuwih, S., & Sulhadi, S. (2020b). Internet of things based learning media with 

problem solving approach: Its effect on higher order thinking skills. Jurnal Ilmiah 

Pendidikan Fisika Al-Biruni, 9(2), 225–239. https://doi.org/10.24042/jipfalbiruni.v9i2.6313 

Liu, M., & Mu, X. (2022). Analysis of computer network technology on new media problem-

based learning (PBL) teaching method. Wireless Communications and Mobile Computing, 

2022, 1–10. https://doi.org/10.1155/2022/3235078 

Marsigit, M., Retnawati, H., Apino, E., Santoso, R. H., Arlinwibowo, J., Santoso, A., & Rasmuin, 

R. (2020). Constructing mathematical concepts through external representations utilizing 

https://doi.org/10.1088/1742-6596/1387/1/012037
https://doi.org/10.1016/j.sbspro.2012.09.265
https://doi.org/10.12973/eu-jer.9.3.1309
https://doi.org/10.26803/ijlter.19.7.14
https://doi.org/10.1088/1742-6596/1321/3/032051
https://doi.org/10.1088/1742-6596/1321/3/032051
http://proceedings.upi.edu/index.php/icee/article/view/802
https://doi.org/10.15294/ujme.v11i1.55859
https://doi.org/10.21009/biosferjpb.16325
https://doi.org/10.22611/jpf.v9i1.18128
https://doi.org/10.24042/jipfalbiruni.v9i2.6313
https://doi.org/10.1155/2022/3235078


Psychology, Evaluation, and Technology in Educational Research, 5 (1), 2022, 52 
Risqi Utami, Azma Rosyida, Janu Arlinwibowo, Gupita Nadindra Fatima 

Copyright © 2022, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506 

technology: An implementation in IRT course. TEM Journal, 9(1), 317–326. 

https://doi.org/10.18421/TEM91‐44 

Masnur, M., & Syaparuddin, S. (2019). The effect of POGIL learning model on HOTS students 

of elementary school teacher education program. Edumaspul: Jurnal Pendidikan, 3(2), 

87–92. https://doi.org/10.33487/edumaspul.v3i2.145 

Muttaqin, H., Susanto, Hobri, & Tohir, M. (2021). Students’ creative thinking skills in solving 

mathematics higher order thinking skills (HOTS) problems based on online trading 

arithmetic. Journal of Physics: Conference Series, 1832(1), 012036. 

https://doi.org/10.1088/1742-6596/1832/1/012036 

Prastiwi, L., Sigit, D. V., & Ristanto, R. H. (2019). Relationship between academic ability and 

environmental problem-solving skill: A case study at Adiwiyata Schools in Tangerang 

City, Indonesia. Üniversitepark Bülten, 8(1), 76–86. 

https://doi.org/10.22521/unibulletin.2019.81.6 

Pratama, Y. A., & Solehuddin, M. (2019). Effect of quantum learning model on higher order 

thinking skills in grade 4th elementary school. Proceedings of the 3rd Asian Education 

Symposium (AES 2018), March 2022. https://doi.org/10.2991/aes-18.2019.90 

Putra, L. V., Suryani, E., Kinasih, O. S., & Utami, W. T. (2021). Improving mathematical problem 

solving abilities of the student with the problem-based learning approach. AKSIOMA: 

Jurnal Program Studi Pendidikan Matematika, 10(1), 457. 

https://doi.org/10.24127/ajpm.v10i1.3315 

Raiyn, J. (2016). The role of visual learning in improving students’ high-order thinking skills. 

Journal of Education and Practice, 7(24), 115–121. 

Retnawati, H., Apino, E., Kartianom, K., Djidu, H., & Anazifa, R. D. (2018). Pengantar analisis 

meta. Parama Publishing. 

Rofik, A., Setyosari, P., Effendi, M., & Sulton, S. (2022). The effect of collaborative problem 

solving &amp; collaborative project-based learning models to improve the project 

competences of pre-service teachers. Pegem Journal of Education and Instruction, 12(3), 

130–143. https://doi.org/10.47750/pegegog.12.03.15 

Shafira, F., Ristiono, R., Alberida, H., & Yogica, R. (2022). The needs of high order thinking 

skills-oriented student worksheets on the human circulation system materials for grade 

XI students. Thinking Skills and Creativity Journal, 5(1), 17–21. 

https://doi.org/10.23887/tscj.v5i1.38500 

Shidiq, M., & Sumiati, A. (2020). The difference in critical thinking skills with the model of 

guided disco very learning (GDL) and problem based learning (PBL) in the basic 

accounting subject for class X accounting student in Public VHS 46 Jakarta. Jurnal 

Pendidikan Ekonomi, Perkantoran Dan Akuntansi, 1–13. 

http://pub.unj.ac.id/index.php/jpepa/article/view/111 

Simanjuntak, M. P., Hutahaean, J., Marpaung, N., & Ramadhani, D. (2021). Effectiveness of 

problem-based learning combined with computer simulation on students’ problem-

solving and creative thinking skills. International Journal of Instruction, 14(3), 519–534. 

https://doi.org/10.29333/iji.2021.14330 

Syarifah, R., & Ritonga, W. (2020). Application of problem based learning model on student 

learning outcomes on momentum and impulse materials. IPER (Indonesian Physics 

Education Research), 1(1), 19–26. https://doi.org/10.24114/iper.v1i1.14193 

Tarigan, R. (2017). The effect of problem based learning model for student learning outcomes 

https://doi.org/10.18421/TEM91‐44
https://doi.org/10.33487/edumaspul.v3i2.145
https://doi.org/10.1088/1742-6596/1832/1/012036
https://doi.org/10.22521/unibulletin.2019.81.6
https://doi.org/10.2991/aes-18.2019.90
https://doi.org/10.24127/ajpm.v10i1.3315
https://doi.org/10.47750/pegegog.12.03.15
https://doi.org/10.23887/tscj.v5i1.38500
http://pub.unj.ac.id/index.php/jpepa/article/view/111
https://doi.org/10.29333/iji.2021.14330
https://doi.org/10.24114/iper.v1i1.14193


Psychology, Evaluation, and Technology in Educational Research, 5 (1), 2022, 53 
Risqi Utami, Azma Rosyida, Janu Arlinwibowo, Gupita Nadindra Fatima 

Copyright © 2022, Psychology, Evaluation, and Technology in Educational Research, ISSN 2622-5506 

on materials temperature of heat and heat transfer in class X semester II SMA N 16 

Medan. IOSR Journal of Research & Method in Education, 7(5), 32–37. 

https://doi.org/10.9790/7388-0705063237 

Tumanggor, M., Soband, A., & Sojanah, J. (2020). Students’ higher-order thinking skills 

through problem-based learning in Bandung. Prosiding ICoISSE, 322–327. 

http://conference.loupiasconference.org/index.php/ICoISSE/article/view/51 

Umam, H., Dafik, & Irvan, M. (2019). The analysis of implementation of discovery based 

learning to improve students higher order thinking skills in solving r-dynamic vertex 

coloring problem based on their reflective thinking skill. IOP Conference Series: Earth and 

Environmental Science, 243, 012054. https://doi.org/10.1088/1755-1315/243/1/012054 

Yurniwati, Y., & Soleh, D. A. (2020). The effectiveness of computer-based problem solving to 

improve higher order thinking skills on prospective teachers. International Journal of 

Instruction, 13(2), 393–406. https://doi.org/10.29333/iji.2020.13227a 

Yusuf, I., Widyaningsih, S. W., Prasetyo, Z. K., & Istiyono, E. (2021). Blended learning: Its effect 

towards higher order thinking skills (HOTS). Journal of Physics: Conference Series, 

1832(1), 012039. https://doi.org/10.1088/1742-6596/1832/1/012039 

Zurqoni, Retnawati, H., Arlinwibowo, J., & Apino, E. (2018). Strategy and implementation of 

character education in senior high schools and vocational high schools. Journal of Social 

Studies Education Research, 9(3), 370–397. https://doi.org/10.17499/jsser.01008 

 

https://doi.org/10.9790/7388-0705063237
http://conference.loupiasconference.org/index.php/ICoISSE/article/view/51
https://doi.org/10.1088/1755-1315/243/1/012054
https://doi.org/10.29333/iji.2020.13227a
https://doi.org/10.1088/1742-6596/1832/1/012039
https://doi.org/10.17499/jsser.01008

