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Abstract  

Mathematical reflective thinking skills is one of the higher-order thinking skills that is important to 

develop because it helps students understand problems, determine solution strategies, and evaluate 

their thinking processes. However, this ability is still not optimal because students are not yet 
accustomed to reflecting on the problem-solving process. This study aims to analyze the effect of the 

Problem Based Learning (PBL) assisted by Wordwall on students' mathematical reflective thinking 

skill in statistics material. This study uses a quantitative approach with a quasi-experimental method 

and a pretest-posttest control group design. The research population consisted of 265 eighth-grade 

students of SMP Negeri 9 Bandar Lampung, with the sample selected using a cluster random 

sampling technique. The research data were obtained through a mathematical reflective thinking skill 

test and analyzed using the Mann–Whitney U test. The results showed that the mathematical 

reflective thinking skill of students who received learning using the PBL assisted by Wordwall was 

higher than that of students who received direct instruction learning. Thus, the PBL assisted by 

Wordwall has an effect on students' mathematical reflective thinking skills and can therefore be used 

as an alternative approach in mathematics learning.  
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Introduction  

Education should promote the development of higher-order thinking skills, as these 

have been recognized as essential competencies for learners in the 21st century (Liu et al., 

2024). Saely & Shaleh (2023) state that education plays a strategic role in preparing 

individuals who are able to face the challenges of the Industrial Revolution 4.0 through the 

mastery of higher-order thinking skills. In line with this perspective, Said et al. (2024) 

emphasize that students need to be equipped with relevant competencies to enable them to 

compete and contribute effectively in the future. Therefore, the implementation of education 

needs to prioritize a learning process that is not only oriented toward learning outcomes, but 

is also able to facilitate students in developing various higher-order thinking skills as a 

foundation for facing the challenges of life and the development of the times. 

One subject that holds an important role in developing higher-order thinking skills is 

mathematics. Mathematics learning aims not only to equip students with the mastery of 

concepts and procedures, but also to develop reasoning ability, problem-solving ability, 

communication ability, and the ability to make logical decisions in various situations 
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(Hafriani, 2021). This shows that mathematical concepts and skills are needed not only in 

classroom learning, but also in various aspects of life, so that mathematics learning needs to 

develop students' way of thinking systematically (Masamah, 2017). In line with this, the 

mathematics learning outcomes stated in BSKAP Decree Number 46 of 2025 emphasize that 

students are expected to master concepts, use reasoning, solve problems, communicate 

mathematical ideas, and hold a positive disposition toward learning mathematics. The 

achievement of these competencies shows that mathematics learning is not sufficient if it 

develops only procedural ability, but also needs to facilitate the development of various 

higher-order thinking skills.  

Among the various higher-order thinking skills that need to be developed through 

mathematics learning, mathematical reflective thinking plays an important role because it 

encourages students to reflect on what they do and why they do it (Umbara & Herman, 2021). 

Furthermore, reflective thinking is essential in mathematics learning because it supports 

students in solving problems and making appropriate decisions based on their understanding 

of mathematical situations (Fuady, 2017). This ability enables students to understand 

problems in depth, evaluate the solving process they carried out, and draw conclusions based 

on the results of their reflection on the strategies used.  Noer et al. (2020) state that directed 

reflection can improve problem-solving ability. In addition, Hudaini & Lestari (2023) state 

that mathematical reflective thinking skill has a significant effect on mathematical creative 

thinking skill. Putri & Setiyaningsih (2024) also explain that reflective thinking is an 

important part of critical thinking skill because it involves the process of analyzing and 

evaluating a problem. These findings show that mathematical reflective thinking skill plays 

an important role in supporting the mastery of various other mathematical abilities. 

However, the mathematical reflective thinking skill of students in Indonesia is still 

relatively low. The results of the 2022 Programme for International Student Assessment 

(PISA) show that Indonesia's mathematics score reached only 366, still below the OECD 

average of 472 (OECD, 2023). Most Indonesian students reach only level 2, while questions 

at level 5 and level 6 require higher-order thinking skills related to reasoning, problem-

solving, and reflection in solving mathematical problems (Mukti & Permatasari, 2023). This 

condition is reinforced by the research of Ramadhani & Aini (2019), which shows that the 

mathematical reflective thinking skill of junior high school students is still in the low 

category and has not developed optimally. 
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A similar condition was also found at one of the public junior high schools in Bandar 

Lampung. Based on the results of a preliminary test given to eighth-grade students, students' 

mathematical reflective thinking skill is still relatively low. The results of the answer 

analysis show that students still experience difficulty in understanding problems, 

determining solution strategies, and evaluating the results obtained. On one question, as 

many as 52% of students gave an incorrect answer, while on another question, as many as 

90% of students gave no answer at all. The analysis of students' answers shows that this 

obstacle occurs because students have not yet been able to understand the information 

contained in the question or identify what is being asked, which affects the accuracy of 

determining the solving steps and producing the final answer. These findings show that 

students still experience obstacles in carrying out the reflective thinking process when 

solving mathematical problems. 

The low mathematical reflective thinking skill of students is thought to be related, 

among other things, to a learning process that has not fully involved students in developing 

their thinking skill (Haryati et al., 2017). Based on the results of interviews with teachers, 

the mathematics learning applied still uses the direct instruction model because it is 

considered more efficient in delivering material, managing time, and achieving curriculum 

targets. In its implementation, the direct instruction model places the teacher as the center of 

learning through a more dominant delivery of material and direction, so that students tend to 

follow the given steps without much opportunity to explore, evaluate, and reflect on their 

thinking process. In addition, the learning media used have not been able to encourage 

students' active involvement during the learning process. This condition shows that learning 

is needed that is able to give students the opportunity to be actively involved in 

understanding problems, formulating solution strategies, and reflecting on their thinking 

process (Ashari et al., 2024). These learning needs are aligned with the characteristics of the 

Problem-Based Learning (PBL) model, which engages students in solving contextual 

problems and provides opportunities to construct knowledge through active investigation, 

thereby supporting the development of mathematical reflective thinking skills (Kartono et 

al., 2019). Furthermore, previous studies have consistently shown that PBL effectively 

improves students' mathematical reflective thinking skills compared with conventional 

learning (Ningrum et al., 2024). 

Although the characteristics of PBL are theoretically relevant to fostering 

mathematical reflective thinking skills, its successful implementation depends on how 
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learning activities are facilitated in the classroom. Ambarwati & Kurniasih (2021) state that 

the application of the PBL model alone has not been fully optimal in the learning process. 

Therefore, interactive learning media can be integrated to support the implementation of 

PBL and facilitate students’ active involvement during learning activities. One of the 

interactive learning media that can be integrated with PBL is Wordwall. Wordwall provides 

various game- and quiz-based activities that can support students’ motivation, participation, 

and understanding of learning materials during the learning process (Putriani & Gunawan, 

2023). Thus, the integration of Wordwall into PBL is expected to strengthen learning 

activities by providing interactive experiences that support students in engaging with 

problems and reflecting on their learning process. 

Various studies have shown the effect of the PBL model and of Wordwall media in 

mathematics learning. Dianti et al. (2018) and Gega et al. (2019) show that the application 

of PBL can improve students' mathematical reflective thinking skill. In addition, Bitasmi’ah 

et al. (2025) and Fistanti et al. (2024) show that the application of PBL assisted by Wordwall 

is able to improve students' critical thinking skill and learning outcomes. Research that 

specifically examines the effect of PBL assisted by Wordwall on students' mathematical 

reflective thinking skill, however, is still limited, so empirical evidence regarding the 

effectiveness of its implementation is needed. 

Based on the description above, this study aims to analyze the effect of applying the 

PBL assisted by Wordwall on students' mathematical reflective thinking skill. The results of 

this study are expected to provide an effective alternative learning approach for improving 

mathematical reflective thinking skill and to serve as a reference for teachers in optimizing 

mathematics learning in schools. 

Method  

This study used a quantitative approach with a quasi-experimental method. The 

independent variable was the PBL assisted by Wordwall, while the dependent variable was 

students' mathematical reflective thinking skill. The research employed a Pretest–Posttest 

Control Group Design, as proposed by Sugiyono (2020). Through this design, both research 

classes were given a pretest to determine their initial ability, and then were given different 

treatments. The experimental class received learning using the PBL assisted by Wordwall, 

while the control class received learning using the direct instruction model. After the 
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treatment was completed, both classes were given a posttest to obtain data on students' 

mathematical reflective thinking skill. 

The population in this study consists of all eighth-grade students of SMP Negeri 9 

Bandar Lampung in the 2025/2026 academic year, totaling 265 students spread across nine 

classes. The research sample was determined using a cluster random sampling technique, in 

which intact groups (classes) were randomly selected from the population. All eighth-grade 

classes had an equal opportunity to be selected as the research sample. The sampling process 

was carried out using a spinner, through which Class VIII C was randomly selected as the 

experimental class that received the PBL assisted by Wordwall, while Class VIII E was 

selected as the control class that received direct instruction. 

The research procedure was carried out through three stages, namely the preparation 

stage, the implementation stage, and the final stage. In the preparation stage, the researcher 

conducted initial observations and interviews with the mathematics teacher to obtain 

information regarding the learning conditions and students' mathematical reflective thinking 

skill. Subsequently, the researcher developed learning tools and a research instrument in the 

form of a mathematical reflective thinking skill test on statistics material. The instrument 

was developed based on the indicators of mathematical reflective thinking skill proposed by 

Sihaloho et al. (2020) and Noer (2010), namely reacting, comparing, and contemplating. The 

indicators of mathematical reflective thinking skill used in this study are presented in Table 

1. 

Table 1. Indicators of Mathematical Reflective Thinking Skills 

No Indicator Description 

1. Reacting The ability to give an initial response to a mathematics question based on 

personal thinking about the condition of the given problem, particularly 

regarding what is being asked and the information available in the question. 

2. Comparing The ability to analyze a problem being faced in order to find a solving step based 

on the knowledge already possessed. 

3. Contemplating The ability to explain, consider, and evaluate the process and the result of 

solving a problem, and to draw a conclusion based on the solution obtained. 

 

The instrument that had been developed was then content-validated by a mathematics 

subject teacher acting as validator to determine the suitability of the test items with the 

indicators of mathematical reflective thinking skill and the statistics material. After being 

declared suitable, the instrument was trialed on students outside the research sample to 

determine the quality of the items. The item analysis was conducted based on validity, 

reliability, discrimination index, and difficulty level. Item validity was analyzed using the 

item-total correlation coefficient to determine the consistency between each item score and 
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the total test score. The reliability analysis was conducted using Cronbach’s Alpha 

coefficient to measure the internal consistency of the instrument. Furthermore, the 

discrimination index was analyzed to determine the ability of each item to distinguish 

students with high and low abilities, while the difficulty level analysis was conducted to 

identify the level of difficulty of each test item. These analyses followed the criteria proposed 

by Arikunto (2018). The analysis results showed that all items met the eligibility criteria and 

could be used as a research instrument. A recapitulation of the item analysis results is 

presented in Table 2. 

Table 2. Recapitulation of the Item Analysis Results 

No. Validity Reliability Discrimination Index Difficulty Level Conclusion 

1. 

Valid Reliable (0,92) 

Good (0,57) Medium (0,58) 

Suitable for use 2. Very Good (0,81) Medium (0,45) 

3. Very Good (0,74) Medium (0,39) 

 

The implementation stage began with the administration of a pretest to the 

experimental class and the control class. Subsequently, learning activities were carried out 

according to the predetermined treatment, namely the application of the PBL assisted by 

Wordwall in the experimental class and direct instruction in the control class. After all 

learning activities were completed, both classes were given a posttest to obtain data on 

students' mathematical reflective thinking skill. 

The final stage of the research was carried out through the processing and analysis 

of the data obtained from the research results. The research data consist of quantitative data 

obtained through a test of students' mathematical reflective thinking skill. Data analysis was 

carried out using descriptive statistics and inferential statistics. Descriptive analysis was used 

to describe students' ability based on the pretest, posttest, and gain results in each class, while 

inferential analysis was used to test the improvement in mathematical reflective thinking 

skill between the experimental class and the control class. 

Before hypothesis testing was carried out, the gain data were first tested for normality 

using the Chi-Square test, referring to Sudjana (2005). If the data met the parametric 

assumptions, hypothesis testing was carried out using an independent samples t-test. 

However, if the data did not meet these assumptions, the nonparametric Mann–Whitney U 

test was used, as proposed by Sugiyono (2020). Taraf signifikansi yang digunakan pada uji 

Mann–Whitney U adalah 0,05. The significance level used in the Mann–Whitney U test was 

0.05, with the decision criteria that H₀ was rejected if 𝑍𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 < 𝑍𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 . 
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Results and Discussion  

Before the treatment was given, both classes were given a pretest to obtain a picture 

of the initial condition of students' mathematical reflective thinking skill. The results of the 

descriptive analysis of the pretest data in the experimental class and the control class are 

presented in Table 3. 

Table 3. Results of the Analysis of Students' Initial Mathematical Reflective Thinking skill 

Class 𝒏 Lowest Score Highest Score 𝒙̅ 𝒔 Median Ideal Maximum Score 

Eksperimental 24 1 9 3,25 1,87 3 
27 

Control 21 0 8 2,90 2,34 2 

 

Based on Table 3, the average initial score of students' mathematical reflective 

thinking skill who received PBL assisted by Wordwall learning was descriptively 3,25, while 

students who received direct instruction learning obtained an average score of 2,90. The 

relatively small difference between the average scores shows that, descriptively, the initial 

mathematical reflective thinking skill of the two groups did not show a significant difference 

before the treatment was given. These results show that both groups held a fairly equivalent 

initial condition for undergoing a learning process with different treatments. 

After the learning process was carried out, students' final mathematical reflective 

thinking skill was obtained through the administration of a posttest to both classes. The 

results of the analysis of students' final ability are presented in Table 4. 

Table 4. Results of the Analysis of Students' Final Mathematical Reflective Thinking skill 

Class 𝒏 Lowest Score Highest Score 𝒙̅ 𝒔 Median Ideal Maximum Score 

Eksperimental 24 7 22 15,92 4,95 16 
27 

Control 21 6 17 11,52 2,84 11 

 

Based on Table 4, the average final score of students' mathematical reflective 

thinking skill in the class that applied learning with the PBL model was higher than in the 

class that applied direct instruction learning. Next, to determine the improvement in students' 

mathematical reflective thinking skill after the treatment was given, an analysis of the gain 

score was carried out. The results of the descriptive analysis of the gain score for students' 

mathematical reflective thinking skill are presented in Table 5. 

Table 5. Results of the Gain Score Analysis  

Class 𝒏 Lowest Gain Highest Gain 𝒙̅ 𝒔 

Eksperimental 24 0,17 0,80 0,54 0,20 

Control 21 0,16 0,48 0,36 0,10 

 

Based on Table 5, the gain score in the class that received PBL assisted by Wordwall 

learning was descriptively higher than in the class that received direct instruction learning. 
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Next, before hypothesis testing was carried out, the gain data were first tested for normality 

using the Chi-Square test, referring to Sudjana (2005). The results of the normality test are 

presented in Table 6. 

Table 6. Results of the Normality Test of the Gain Data 

Class 𝝌𝒉𝒊𝒕𝒖𝒏𝒈
𝟐  𝝌𝒕𝒂𝒃𝒆𝒍

𝟐  Test Decision 

Eksperimental 13,04 5,99 Reject 𝐻0 

Control 7,03 7,81 Accept 𝐻0 

 

Based on Table 6, the results of the normality test show that the gain data in one of 

the groups were not normally distributed, so hypothesis testing was carried out using the 

nonparametric Mann–Whitney U test. The results of the Mann–Whitney U test show that the 

calculated Z value of -3.06 was smaller than the table Z value of -1.64, at a significance level 

of 0.05. It can therefore be concluded that the median gain in mathematical reflective 

thinking skill of students in the class that applied the PBL model was higher than that of 

students in the class that used direct instruction learning. 

These results show that the PBL model improves students' mathematical reflective 

thinking skill. Next, to determine students' ability on each indicator of mathematical 

reflective thinking, an analysis was carried out based on the achievement of each indicator, 

namely reacting, comparing, and contemplating. This analysis aims to determine the 

development of students' ability on each indicator of mathematical reflective thinking after 

the treatment was given. The achievement results for the indicators of students' mathematical 

reflective thinking skill are presented in Table 7. 

Table 7. Achievement of Indicators 

Indicator 
PBL Assisted by Wordwall Direct Instruction 

Initial Final Initial Final 

Reacting 19% 70% 12% 54% 

Comparing 12% 61% 12% 48% 

Contemplating 5% 46% 8% 26% 

 

The improvement in students' mathematical reflective thinking skill in this study is 

also reflected in the achievement of each indicator. Based on the analysis results, all 

indicators of mathematical reflective thinking skill in the class that received PBL assisted by 

Wordwall learning experienced a higher improvement than in the class that applied direct 

instruction learning. The reacting indicator achieved the highest result compared to the other 

indicators, while the contemplating indicator achieved a relatively lower result. This shows 

that students find it easier to develop the ability to understand and give an initial response to 
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a problem than the ability to carry out an in-depth evaluation of the thinking process they 

have already gone through. 

The reacting indicator achieved the highest result compared to the other indicators. 

This finding shows that students were more able to understand problems, identify known 

information, and determine the initial step for solving a question. This achievement cannot 

be separated from the characteristics of PBL learning, which begins with the presentation of 

a contextual problem. Through the stage of orienting students to the problem, students are 

given the opportunity to observe, understand, and interpret the problem before determining 

a solution strategy. This process helps students build the habit of not immediately performing 

a calculation, but of first understanding the situation contained within the problem. The 

development of the reacting indicator was also supported by group discussion activities 

during the learning process. When solving problems in the student worksheet, students 

discussed in order to identify important information and to convey their initial understanding 

of the given problem. This activity shows that students began to be able to give a response 

to a problem based on their own thinking. This finding is in line with Dewey (1933) , who 

explains that reflective thinking begins through the process of understanding a problem and 

considering the condition being faced before making a decision. In addition, Noer et al. 

(2020) state that the reacting ability develops when students are able to understand a problem, 

identify the available information, and determine the initial solving step. 

Next, the comparing indicator shows students' ability to analyze a problem and 

compare the solution strategies used. On this indicator, students were trained to consider 

various alternative solutions through investigation activities and group discussions. In PBL 

learning, students do not merely receive a solving procedure from the teacher, but are given 

the opportunity to discover a strategy based on their own understanding. During discussions, 

students could compare the solving methods used among group members and determine the 

strategy considered most suitable for solving the problem. The activity of presenting 

discussion results also supported the development of the comparing indicator. At this stage, 

students compared their own work with the work of other groups and obtained the 

opportunity to give responses to the solving strategies used. In addition, the use of Wordwall 

provided feedback on the answers given, so that students could re-check the accuracy of 

their solving results. This helped students carry out an analysis of the strategies used. This 

finding is consistent with Upu et al. (2025) , who state that the comparing indicator relates 
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to students' ability to analyze and evaluate solving strategies based on the knowledge they 

possess. 

Meanwhile, the contemplating indicator achieved a relatively lower result compared 

to the reacting and comparing indicators. This condition shows that students' ability to carry 

out an in-depth evaluation of their thinking process is still a part that requires further 

development. Some students were already able to obtain a final answer, but still experienced 

difficulty in explaining the reason for using a particular strategy, re-checking the solving 

steps, and drawing a conclusion based on the results obtained. This shows that the activity 

of reflecting on the thinking process has not yet fully become a habit for students. The low 

achievement of the contemplating indicator is in line with the research of Noviyanti et al. 

(2021) who state that contemplating is an indicator of mathematical reflective thinking that 

is relatively difficult for students to achieve because it requires the ability to 

comprehensively evaluate the solving process. Nevertheless, the application of the PBL 

model gives students room to develop this ability through the stage of analyzing and 

evaluating the problem-solving process. At this stage, students together with the teacher 

reviewed the strategies used, checked the suitability of the answers, and corrected the errors 

that were found. This is in line with Noer (2010) , who explains that the contemplating 

indicator is shown through students' ability to reconsider the solving process and to evaluate 

the results obtained. 

In addition to the learning model, the use of Wordwall also supported the process of 

developing students' mathematical reflective thinking skill. Wordwall gave students the 

opportunity to obtain a direct response to the answers given, which encouraged students to 

carry out a re-check of their work. This process helped students understand that problem-

solving is oriented not only toward the final answer, but also toward the accuracy of the 

process carried out to obtain that answer. Thus, the integration of Wordwall into PBL 

learning supported the creation of more interactive learning activities and increased student 

involvement during the learning process. This involvement facilitated students in evaluating 

the problem-solving process and reflecting on the results obtained at each stage of learning. 

This finding is supported by Wulandari & Iskarni (2026) , who state that the use of Wordwall 

as an interactive learning medium is able to increase student involvement, thereby giving 

students a greater opportunity to participate actively at every stage of learning. 

Unlike students who received PBL assisted by Wordwall learning, students who 

received direct instruction learning tended to follow the solving steps that had been given by 
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the teacher. Learning took place mostly through the delivery of material, the giving of 

example questions, and practice based on procedures that had been taught. This condition 

caused students' opportunities to explore strategies, compare solutions, and re-evaluate their 

thinking process to become more limited. This is in line with Laili et al. (2024) , who state 

that conventional learning tends to make students more passive because student interaction 

and involvement in the learning process are not yet optimal. 

The implementation of PBL assisted by Wordwall learning in this study generally 

ran well, although several obstacles were encountered during the learning process. At the 

beginning of the implementation, several students still experienced difficulty in adjusting 

themselves to learning that demands active involvement through discussion and problem-

solving. This condition shows that the application of the PBL model requires an adaptation 

process, particularly for students who were previously accustomed to teacher-centered 

learning. This finding is in line with the research of Fitriyah & Ghofur (2021) , who state 

that at the early stage of implementing PBL, students still experience difficulty in 

understanding problems and are not yet accustomed to participating actively in group 

discussions, because PBL learning requires students to be more independent in finding 

solutions. 

In addition, the use of gadgets as a means of accessing Wordwall also needed to 

receive supervision, because some students still used the devices beyond what was needed 

for learning. The research of Pérez-Juárez et al. (2023) states that the integration of 

technology in learning needs to be accompanied by a management strategy so that it 

continues to support students' academic activities. Another obstacle was that not all group 

members played an active role in discussion activities, so that the completion of the student 

worksheet was sometimes still dominated by certain students. This is in line with the research 

of Rahmawati et al. (2021), which states that the application of the PBL model needs to pay 

attention to the process of interaction and cooperation among group members, so that all 

students can be optimally involved in solving problems. Therefore, teachers need to give 

clear direction regarding the learning stages, optimize the division of roles within groups, 

and manage the use of technology so that it supports the active involvement of all students. 

Overall, the research results show that the PBL assisted by Wordwall model gives a 

contribution to students' mathematical reflective thinking skill. Through the activities of 

understanding problems, determining strategies, comparing solutions, and evaluating the 

results obtained, students gained a learning experience that supported the development of 
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the reacting, comparing, and contemplating indicators. Although obstacles still remained in 

its implementation, the results of this study show that PBL assisted by Wordwall has an 

effect on the improvement of mathematical reflective thinking skill. 

Conclusion and Suggestion  

The results of the study show that the implementation of the Wordwall-assisted 

Problem Based Learning (PBL) model has an effect on improving students' mathematical 

reflective thinking skill. The mathematical reflective thinking skill of students who received 

learning with the PBL assisted by Wordwall model was higher than that of students who 

received direct instruction learning. The application of PBL assisted by Wordwall helped 

students understand problems, determine solving strategies, and re-evaluate the process and 

results of the solutions carried out. In its implementation, obstacles still remain in the form 

of the limited involvement of some students in group discussions and the use of digital 

devices, which need to be managed more optimally. Therefore, teachers need to pay attention 

to group management and the use of digital media so that all students can participate actively 

in the learning process. 
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