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Abstract  

Filipino students exhibit lower levels of performance in mathematics and science competency compared to 

neighboring countries based on national and international surveys. The root cause of this issue is the decline in 

students' interest in learning mathematics alongside their insufficient critical thinking skills. This has posed 

challenges among mathematics teachers to innovate ways on how to enhance students' critical thinking skills 

and motivate students towards better performance in mathematics. The primary objective of the study was to 

determine the effectiveness of a contextualized question-embedded video-based teaching and learning tool on 

the interest and mathematical critical thinking skills of Grade 10 students. The study used a descriptive 

experimental research design with the REACT and Socratic methods to contextualize and embed questions in 

the video tool. A survey questionnaire was used to assess students' interest before and after utilization, and a 

pretest and posttest assessment was conducted to evaluate students' interpretation, analysis, evaluation, and 

inference skills. Based on the findings, using a contextualized question-embedded video-based teaching and 

learning tool is effective in increasing students' interest and critical thinking skills. Moreover, there was a 

significant difference between students' mathematical interest in terms of their attitude, initiatives, mathematics 

experience, and the utilization of contextualized question-embedded video-based teaching and learning tool. 

The pretest and posttest results of the experimental and control groups also showed significant differences in 

critical thinking skills. The study concludes that using contextualized question-embedded video-based as 

teaching and learning tools effectively improves students' interest and critical thinking skills in Mathematics. 

Further larger-scale studies with different grade levels can validate the findings of the current study.  
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1. Introduction 

Wong et al. (2019) highlights that interest significantly influences student motivation 

and engagement, particularly in the context of education. Increasing student interest in the 

subject matter enhances learning outcomes, comprehension, and effort. The context of 

mathematics education poses an even greater challenge due to students' generally lower 

interest levels in mathematics, which possibly hampers the development of critical thinking 

skills. To address this issue, educators must adopt effective interventions to promote student 

motivation towards mathematics to enable the development of higher-order thinking skills. 

According to Azmidar et al. (2017), systematic intervention such as the use of technology in 

the presentation of mathematical concepts is effective in nurturing students’ interest and 

engagement. 

The World Economic Forum (2021) reports that one of the essential skills that 

students need to develop for future occupations in 2030 is critical thinking. Mathematics 

education serves the dual purpose of critical thinking and problem-solving. The low critical 

thinking achievement rate among Filipino students in national and international surveys 

(Guinocor et al., 2020; Ganal et al.,2014) emphasize the need for contextualized learning 

materials (CLMs) and question-embedded video-based learning tools to promote student 

interest and critical thinking skills in mathematics. These interventions promote deeper 

understanding, stimulate curiosity, and lead to better performance in problem-solving and 

mathematical reasoning (Bottge et al., 2013; Vural, 2013). 

The declining interest in mathematics and a lack of critical thinking skills among 

students pose significant challenges for mathematics teachers, as suggested by Otoo et al. 

(2018). Students' confidence in mathematics affects their interest and motivation levels, 

emphasizing the importance of promoting higher-order thinking skills such as problem-

solving and critical thinking. Educators can use questioning strategies such as Socratic 

questioning and prototype lessons to encourage critical thinking and reasoning skills 

(Alcantara et al., 2017; Alsaleh, 2020). 

The Philippines Department of Education recognizes the importance of developing 

higher-order thinking skills among secondary high school students, and teachers play a 

critical role in this endeavor, as stated by Quimod (2020). According to the TIMSS (2019) 

results, Filipino students demonstrated proficiency in fundamental mathematical skills such 

as addition, subtraction, multiplication, and division of one- and two-digit whole numbers, as 
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well as simple fractions. They also showed competence in recognizing common geometric 

shapes, solving basic word problems, and interpreting simple bar graphs and tables. 

However, they faced challenges when it came to solving complex problems and higher-order 

questions. Therefore, interventions aimed at improving critical thinking skills in 

mathematics, such as the use of CLMs and question-embedded videos, must be prioritized to 

equip students with the skills needed to succeed in current and future careers. 

This study aims to determine the effectiveness of a contextualized question-embedded 

video-based learning tool in enhancing Grade 10 students' mathematical interest and critical 

thinking abilities. The study is conducted in a setting with a declined average mathematics 

performance score (MPS). The goal of the intervention program, which employs the video-

based instructional tool, is to enhance students' cognitive thinking skills, focusing on the 

higher-order thinking levels based on Bloom's Taxonomy (Fitzpatrick et al., 2011). The 

results of this study have the potential to inform the development of interventions that can 

help improve students' critical thinking skills in mathematics. This study further aims to 

examine the following hypotheses: 

Ho1: There is no significant difference in the student’s interest before and after the 

utilization of the contextualized question-embedded video-based teaching and learning tool. 

Ho2: There is no significant difference in the pretest and posttest results of the 

student’s critical thinking skills in the control group. 

Ho3: There is no significant difference in the pretest and post-test results of the 

student’s critical thinking skills under the experimental group. 

Ho4: There is no significant difference between the pretest and posttest results of the 

student’s critical thinking skills under the experimental and control groups. 

2. Literature Review 

2.1. Contextualization 

According to Wang et al. (2017), contextualization and the use of contextualized 

learning materials have been acknowledged as effective strategies to promote student 

engagement and enhance learning outcomes, particularly in mathematics. The authors 

suggested that teachers can make math more accessible and relevant to students by providing 

real-life examples and experiences that connect with their interests and experiences. 

Likewise, Orozco and Pasia (2021) underscored the importance of taking a contextualized 

approach in sociocultural mathematics teaching to develop higher-order thinking skills. By 
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utilizing various group activities and problem-solving tasks, students can engage in 

analyzing, evaluating, and explaining their output, which can promote more critical and 

independent thinking skills. 

The use of contextualized learning materials has also been demonstrated to be an 

effective strategy in enhancing learning outcomes in mathematics (Cubillas, 2018).  

Contextualized learning materials are instructional materials designed to raise students' 

knowledge and engagement in the subject matter, particularly in providing remedial support 

to students who require additional instruction. Smith and Johnson (2018) specifically focused 

on examining the effects of contextualized learning materials on student achievement in 

mathematics. The research highlighted the positive influence of incorporating these materials 

in mathematics instruction, reinforcing their role in improving student learning outcomes in 

the subject. Cubillas (2020) also found that Contextualized Learning Materials (CLM) were 

effective in improving students' conceptual understanding of the "sets" competency in 

mathematics. The study suggests that teachers can develop additional contextualized learning 

materials for various math topics and other subject areas to address students' areas of 

weakness. Similarly, Francisco et al. (2019) examined the impact of Contextualized T-Math 

Video on the performance of Grade 8 Math learners. The results indicated that the 

intervention method proved effective in motivating learning, changing attitudes, and 

providing role models to address common math difficulties. The use of video as a medium 

for mathematics learning was found to significantly enhance Grade 8 learners' mathematical 

abilities, inspiring and challenging them in the process. Furthermore, Rajab (2019) found that 

utilizing a contextualized T-Math video as an intervention strategy produced positive effects 

in motivating learning, increasing mathematical ability, and changing student attitudes 

towards the subject. Using T-Math video as a learning tool can enhance student engagement 

and promote deeper learning. 

2.2. Question-embedded in Video-Based Teaching and Learning Tool 

A significant amount of research has been conducted on the effectiveness of 

embedded questions in digital lectures and interactive videos in improving student learning 

outcomes. For instance, Tweissi (2016) conducted a study that compared the effectiveness of 

question-embedded videos (VEQ) and linear videos (LV) in secondary education. Findings 

demonstrated that the VEQ version, which allowed students to interact with embedded 

questions and control the instructional timeline, resulted in higher test scores compared to the 
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LV version. The incorporation of multiple-choice questions in the VEQ also provided 

feedback to students on the correctness of their answers, resulting in a more engaging and 

interactive learning experience. Similarly, Meij et al. (2021) revealed that open-ended 

embedded questions in digital lectures significantly raised the mean test scores compared to 

lectures lacking embedded questions. The results suggest that embedded questions can make 

online recorded lectures effective as learning aids. 

Several studies have investigated the impact of question-embedded videos on 

students' learning experience and mathematics achievement. Orfanou et al. (2020) found that 

incorporating question-embedded videos positively influenced student engagement and led to 

improved mathematics achievement. Similarly, Kim and Park (2018) discovered that the use 

of question-embedded video-based learning significantly enhanced students' mathematical 

understanding and problem-solving abilities, demonstrating the effectiveness of this 

instructional approach. Chen and Jilk (2019) focused on the effect of embedded questions in 

video-based instruction and revealed that including such questions in instructional videos 

positively influenced students' mathematical learning outcomes, promoting deeper 

understanding and engagement with the content. These studies collectively highlight the 

benefits of incorporating question-embedded videos in mathematics education, leading to 

improved student outcomes and increased engagement with the subject matter. 

Moreover, Vural (2013) examined the impact of an interactive video-based learning 

tool with embedded questions on e-learning and student performance. The study revealed 

that students who used the question-embedded interactive video environment (QVE) tool 

expended more time interacting with the learning materials and achieved higher grades 

compared to students who used the interactive video environment without the question 

component (IVE) tool. These results suggest that incorporating embedded questions in 

interactive videos can enhance student engagement and facilitate deeper learning. The 

literature highlights the potential of embedded questions as an effective tool for improving 

the efficacy of digital lectures and interactive videos for student learning. 

2.3. Student’s Interest 

Mathematics education is an essential component of any education system, as it lays 

the groundwork for science and technology-related disciplines. However, students' interest 

and achievement in mathematics vary significantly depending on teaching methodologies and 

management styles. According to Illiyas (2017), a positive relationship exists between high 
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school students' interest in mathematics and their academic performance. To enhance 

students' interest and engagement in mathematics instruction, researchers and educators have 

explored various pedagogical approaches. Nyman (2017) concluded that teachers' 

instructional methods increase students' engagement in algebra. The research showed that 

working with the target information in the foreground could create a didactical situation that 

increases student participation, thereby promoting students' interest and engagement in 

mathematics. 

The Interest-driven Creator (IDC) hypothesis proposed by Chan et al. (2018) is a 

theory that suggests that students can develop as creators through interest-driven learning 

activities. The IDC theory comprises the following three core concepts: interest, creativity, 

and habit. These concepts combine to create a continuous learning activity that enhances 

higher-order thinking skills in students. The theory asserts that providing students with 

interest-driven activities can significantly increase their engagement and interest in 

mathematics learning. Hence, incorporating the IDC theory in mathematics instruction can be 

an effective way to improve students' interest and engagement in mathematics education. 

In conclusion, educators must adopt pedagogical approaches that promote active 

participation, increase students' interest, and provide an environment that nurtures creativity 

and curiosity to enhance students' interest and engagement in mathematics learning. Illiyas 

(2017), Nyman (2017), Chan et al. (2018), and Azmidar et al. (2017) have demonstrated that 

promoting student interest and engagement in mathematics can significantly improve their 

academic achievement and willingness to participate in the learning process. Therefore, it is 

essential to explore and integrate pedagogical approaches that foster interest-driven learning 

activities and increase students' participation in mathematics instruction. 

2.4. Student’s Interest in Varied Learning Tools and Approaches 

Recent studies have shown that the incorporation of video-based teaching resources, 

such as YouTube videos and short clips from social media applications, can result in 

improved mathematical achievement and interest among students. For instance, Yeh et al. 

(2019) found that using Math-Island, a digital math learning tool, led to an increase in 

students' mathematical achievement, particularly in computation and word problems. 

Similarly, Korpela (2014) found that short video lectures were effective in enhancing 

mathematics learning, while Hansch et al. (2015) reported that many students prefer studying 

from videos as it allows them to learn more freely and independently. Additionally, 
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Kosterelioglu (2016) found that using video clips during the teaching and learning process 

supported and motivated students' learning, contributing to long-term memory. 

While video-based teaching resources have their benefits, they also present 

challenges for teachers. For example, internet connectivity can be problematic when using 

YouTube videos in classes (Wawuda, 2019). Additionally, Macandog and Insorio (2022) 

highlighted that teachers face a variety of difficulties when using YouTube videos, even 

though they are helpful in displaying paralinguistic elements like facial expressions, gestures, 

body movements, and eye contact. Despite these challenges, Robosa et al. (2021) found that 

teachers are becoming more innovative and resourceful in finding ways to provide 

instructional materials and learning resources to achieve learning goals, including through the 

use of video-based teaching resources. 

In conclusion, while video-based teaching resources can be an effective tool in 

enhancing students' mathematical learning and interest, practical considerations and 

challenges should be taken into account. The literature provides evidence that the use of 

video-based teaching resources can be valuable in mathematics education, but it should be 

used alongside other instructional methods to promote a comprehensive understanding of 

mathematical concepts. 

2.5. Mathematical Critical Thinking skills 

Critical thinking is a fundamental aspect of education that is crucial for students to 

acquire. According to Facione (1990), critical thinking abilities are the six cognitive abilities 

that enable individuals to examine and synthesize information to solve issues in diverse 

contexts. Alcantara et al. (2017) discovered a positive correlation between a student's level of 

critical thinking skills, problem-solving skills, and their proficiency in mathematics. 

Similarly, Syafril et al. (2020) stressed the importance of mathematical critical-thinking skills 

for students to engage in rational thinking, make decisions, challenge conclusions, and solve 

complex problems in Mathematics. Therefore, schools must include critical thinking skills in 

their curricula to improve students' problem-solving abilities and prepare them for real-life 

challenges. 

The concept of critical thinking is rooted in educational philosophy, particularly in 

the progressive education movement. According to Dewey's progressive education 

philosophy, education should be an ongoing process of student advancement that focuses on 

recognizing and adapting to change through problem-solving and critical thinking. This 
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philosophy emphasizes the value of science-based education, individuality, growth, and 

change based on students' needs, interests, experiences, and talents. In contrast, Piaget's 

cognitive psychology approach emphasizes the teacher's role as a facilitator and organizer 

who creates challenging circumstances and activities to help students develop robust 

mathematical reasoning abilities. These philosophical perspectives and cognitive abilities 

should be integrated into school curricula to foster students' critical thinking skills, equipping 

them for real-life challenges. 

3. Methodology 

3.1. Research Design 

This study employed a descriptive-experimental research method using a randomized 

controlled trial design to evaluate the effectiveness of a contextualized question-embedded 

video-based teaching and learning tool on students' mathematical interests and critical 

thinking skills. This research approach involves manipulating independent variables while 

observing the effects on dependent variables and describing sample characteristics. 

According to Creswell (2018), this research approach involves studying either an individual 

or a group through an internal process that occurs within the individual or group. 

3.2. Respondents of the Study 

This study was conducted among grade ten students in a national high school in the 

Philippines. The sample consisted of two sections, each with forty (40) heterogeneous 

students from diverse communities in Batangas province.  

3.3. Sampling Technique 

The researcher utilized cluster sampling, which involves dividing a large population 

into smaller groups or clusters and randomly selecting a sample from each cluster. This 

sampling method is commonly used to investigate geographically diverse populations and 

usually employs pre-existing units as clusters, such as cities or schools (Thomas, 2020). In 

this study, two sections consisting of 40 students were randomly chosen from the Grade 10 

students as representatives for control and experimental groups. Grade 10 students were 

ranked according to their mathematical achievement that served as a basis for selecting 

students for control and experimental groups.  

         3.4. Research Instrument 

The study used a researcher-made test and survey questionnaire, as well as a video-

based teaching and learning tool. Three videos were used in the experimental group during 
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class discussions. The test had 20 multiple-choice questions covering four critical thinking 

skills components, while the questionnaire assessed attitudes towards mathematics, initiatives 

in studying mathematics, and mathematics experience using a 4-point Likert scale. The use 

of multiple-choice items allowed for quick analysis and improvement of future assessments. 

The researcher sought expert validation for the research instruments, including a 

video-based tool, by collecting feedback from experts in the field. Pilot testing resulted in 

very good reliability with Cronbach Alpha coefficients for attitudes towards mathematics 

(0.892), initiative in studying mathematics (0.864), and mathematics experience (0.852). KR 

coefficients for pretest (0.674) and posttest (0.655) had an acceptable reliability level.  

3.5. Research Procedure 

The researcher prepared the necessary letters for the conduct the study and explained 

the purpose of the study to the respondents. Ethical considerations were observed to ensure 

confidentiality and anonymity of respondents. 

Prior to the implementation, the respondents were divided into two sections, one 

group was designated as the experimental group, while the other was designated as the 

control group. The experimental group was exposed to a contextualized question-embedded 

video-based teaching and learning tool, while the control group received lecture method. 

Afterward, the researcher conducted a pretest of a survey questionnaire on students' interest 

in learning mathematics, as well as a pre-assessment for the experimental and control groups. 

The researcher used a contextualized question-embedded video-based as a teaching and 

learning tool in which the contextualized video-based was structured through the five 

important engagement techniques named the REACT approach by the Center for Educational 

Research and Development (CORD) in 1999: Relating, Experiencing, Applying, 

Cooperating, and Transferring. These strategies include relating what is being taught to the 

context of the real world, experiencing the new knowledge, applying new concepts to the 

situations that arise in the real world, solving problems by cooperating with others, and 

transferring that knowledge to an experience that the students will have in the future. For the 

delivery of instruction using the video-based teaching and learning tool, each phase of the 

REACT approach was contextualized video-based learning materials with corresponding 

questions to capacitate the students' higher-order thinking skills.  

The students were exposed for almost a month using the learning materials that 

covered circles and related terms, angles and intercepted arcs, and distance formulas for 
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given two points. After the implementation, post assessment and survey questionnaires were 

administered to assess students’ critical thinking skills and interest in mathematics. The 

collected data were summarized and analyzed using the appropriate statistical tools to 

address the objectives of the study.  

 

4. Findings and Discussions 

 
Table 1  

Perceived Level of Students’ Interest  

Indicators 
Before After 

Mean SD VI Mean SD VI 

1. Attitude 

Towards 

Mathematics 

3.21 0.37 MM 3.54 0.26 HM 

2. Initiatives in 

Studying 

Mathematics 

3.31 0.27 MM 3.64 0.23 HM 

3. Mathematics 
Experience 

3.09 0.27 MM 3.58 0.25 HM 

Over-all 
3.2 0.3 

Moderately 

Manifested 
3.59 0.25 

Highly 

Manifested 
 Legend: 1.00-1.49 = Not Manifested (NM), 1.50-2.49 = Manifested (M), 2.50-3.49 = Moderately Manifested (MM), 3.50-

4.00 = Highly Manifested (HM) 
 

This study aimed to determine the effectiveness of a contextualized question-

embedded video-based teaching and learning tool on students' perception of mathematics. 

Table 1 summarizes the data collected regarding students' opinions before and after using the 

tool. Notably, the results indicated an overall improvement in students' perception of 

mathematics after using the tool, which highlights the positive impact of the REACT 

approach on students' attitudes towards mathematics. These findings corroborate previous 

studies such as Yang and Liu (2018) and Azmidar et al. (2017) that highlighted the 

importance of using contextualized examples and problem-solving strategies in teaching 

mathematics. 

Furthermore, the study revealed that although students recognize the importance of 

mathematics and its benefits in securing better job opportunities, they tend to choose a track 

based on their academic performance rather than their interests. This finding aligns with 

Malaguial et al. (2023), which showed that socioeconomic status, parental influence, job 

prospects, and personal interests do not significantly affect students' track choice for senior 

high school. Instead, academic performance plays a critical role in shaping students' 

decisions. Consequently, incorporating teaching approaches like the REACT approach could 
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be instrumental in improving students' perception of mathematics and their interest in 

pursuing careers that involve mathematics, fostering a deeper understanding of the subject 

and better academic achievement. 

Table 1 also demonstrates the effectiveness of a video-based teaching and learning 

tool in enhancing students' initiatives to study mathematics. The results indicate an increase 

in mean values of all indicators, with four statements classified as highly manifested, 

indicating a positive change in students' mathematical initiatives. These findings align with 

previous research suggesting that technology-enhanced instructional methods have a 

beneficial impact on student engagement and motivation in learning mathematics (Chan et 

al., 2018; Wong et al., 2019). Moreover, the study provides evidence that using 

contextualized question-embedded videos can be an effective approach to improve students' 

comprehension of mathematical concepts and tools, organizational skills, and ability to avoid 

distractions. 

The study supports the idea that students' interest in learning mathematics plays a 

crucial role in their participation and engagement in mathematics class. Azmidar et al. (2017) 

assert that students' high interest in mathematics can positively influence their attention to 

learning processes, materials, assignments, and exams. Similarly, this study revealed that 

students were more motivated and participative in mathematics class when using the video-

based tool, which included engaging and interactive activities. These findings emphasize the 

importance of integrating technology-enhanced instructional methods in teaching 

mathematics to promote students' interest and engagement.  

On the other hand, the results compared students' perceptions of their mathematics 

experience before and after using a contextualized question-embedded video-based teaching 

and learning tool. Before the intervention, students had moderate self-reported levels of 

mathematical proficiency, with specific skills such as exploring problems through practice 

and keeping an open mind to new procedural contexts being moderately manifested. 

However, skills such as solving complex problems on their own and expressing opinions 

freely were lower. The data revealed that students' interest in mathematics had changed after 

the intervention, with highly manifested skills such as exploring problems through practice, 

applying new procedural contexts, and expressing opinions freely. The use of engaging and 

relatable teaching styles, such as incorporating motivational activities and providing 

opportunities for reflection, was found to be effective in enhancing students' mathematical 
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proficiency. This finding is consistent with Yeh et. al (2019), which found that the use of 

Math-Island improved students' mathematical performance and engagement. 

After the intervention, students reported an increased appreciation for mathematics 

when presented in engaging and relatable ways, as well as an increased ability to explain 

their solutions to problems. Specifically, the study found that six of the nine indicators were 

highly manifested, while three were moderately manifested. The study's results highlight the 

importance of utilizing effective instructional materials and teaching styles to enhance 

students' interest and proficiency in mathematics. Furthermore, the findings suggest that 

teachers should provide a supportive learning environment, particularly during distance 

learning, to help students apply procedural context in solving mathematical problem 

situations. These results are consistent with Wang et al. (2018) that emphasize the role of 

supportive teacher-student interactions in improving students' academic performance and 

engagement. 

Table 2 displays the pretest scores of students in interpretation, analysis, evaluation and 

inference skills, with separate columns for the control and experimental groups. The 

scores are divided into six levels ranging from advanced to did not meet the expectation, 

with corresponding frequencies and percentages for each level. 

            In interpretation skills, it suggests that respondents may have limited 

comprehension and expression abilities when it comes to conveying the importance of data 

or situations presented in a mathematical problem. The table suggests that the proportion of 

students did not score well on the pretest, indicating that they may need additional support in 

interpreting mathematical problems. It is possible that the students' higher-order thinking 

skills were not maximized, and they may not have mastered basic concepts. This could have 

resulted in difficulties in interpreting data to solve mathematical problems. Azmidar et al. 

(2017) also stated that another potential factor is frustration with the complexity of the 

information or variables presented in the problems. 

While in the analysis skills, it indicates that students are poor or fairly satisfactory in 

recognizing the connection between the data provided and the reasoning put forth, such as 

determining the validity of statements based on arguments involving circles, intercepted arcs, 

and the distance formula. Students nowadays are unfamiliar with questions that stimulate 

their higher-order thinking skills because they are used to answering the learning task at their 

homes during distance learning. Distance learning has a significant impact on their 
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performance when face-to-face classes begin because it demonstrates that even Grade 10 

students lack basic math skills such as multiplying numbers and performing integer 

operations. Firdaus et al. (2015) agreed that many issues may hinder students' academic 

success in mathematics, including a lack of basic concept and skill mastery, and a lack of 

problem-solving and critical thinking abilities. As a result, students have difficulty solving 

problems that need reasoning and analyzing which are part of critical thinking. 

Table 2 

Pretest Score of Students  

Score 
Control Experimental 

Verbal Interpretation 
F % F % 

Interpretation Skills 

5 - - - - Advanced 

4 - - - - Proficient 

3 3 7.5 10 25 Approaching 

2 12 30 11 27.5 Developing 

1 20 50 13 32.5 Beginning 

0 5 12.5 6 15 Did not meet the expectation 

Analysis Skills 

5 - - - - Advanced 

4 2 5 2 5 Proficient 

3 7 17.5 3 7.5 Approaching 

2 14 35 16 40 Developing 

1 10 25 11 27.5 Beginning 

0 7 17.5 8 20 Did not meet the expectation 

Evaluation Skills 

5 - - - - Advanced 

4 3 7.5 1 2.5 Proficient 

3 4 10 13 32.5 Approaching 

2 14 35 9 22.5 Developing 

1 12 30 10 25 Beginning 

0 7 17.5 7 17.5 Did not meet the expectation 

Inference Skills 

5 - - - - Advanced 

4 1 2.5 - - Proficient 

3 3 7.5 10 25 Approaching 

2 14 35 12 30 Developing 

1 17 42.5 14 35 Beginning 

0 5 12.5 4 10 Did not meet the expectation 

Total 40 100 40 100   

 

From their pre-assessment result, it was found that most of the students are not 

familiar with finding errors in solving the distance of given two points using the distance 
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formula and rewriting the equation of the circle. Students are good at finding or solving 

unknown quantities but they have limited ability to distinguish and verify errors in a 

mathematical solution and problem. Similarly, Alcantara et al. (2017) suggested that teachers 

of mathematics may provide various activities and innovative ways of assessment to improve 

students’ critical thinking and problem-solving abilities. 

The result in inference skills that students are not very good at concluding 

mathematical problems. Most students do not understand the definition of a triangle or how 

to use the distance formula of two points, so they cannot justify whether the given three 

points in a plane form an equilateral triangle. The research of Syafril et al. (2020) affirmed 

that input component is essential in identifying students’ critical thinking skills. It implies 

that mathematical critical-thinking skill is imperative for students in learning Mathematics 

because it helps rational thinking in making decisions to express an idea, challenging making 

conclusions with alternative logical thinking, and examining and disregarding various 

complex problems. This implies that the respondents' prior skills in concluding a 

mathematical problem are lacking. 

The post-test scores of the control and experimental groups in terms of critical 

thinking skills in interpretation are presented in Table 3. The results indicate that half of the 

control group received a score of 2, classified as developing level, while 10% scored 0, 

indicating that students are struggling to interpret figures and data about circles and their 

angles, equations, and graphs. This finding is consistent with Ganal, et al. (2014) who 

reported that Filipino students tend to excel in subjects requiring memorization and lower-

order thinking skills but encounter difficulties in subjects that require higher-order thinking 

skills. In contrast, the experimental group showed improvement in their critical thinking 

skills, with 60% of them receiving a perfect score of 5 with advanced verbal interpretation. 

This suggests that the use of video tools with embedded questions and Socratic questioning 

helped enhance the students' critical thinking skills. Alsaleh (2020) supports this claim by 

using Socratic questioning in lessons encourages students to create insightful questions and 

strengthens their critical thinking abilities. The video tool utilized in the study also included 

conceptual clarification questions, which aid students in understanding the fundamental 

concepts and skills necessary for deeper interpretation. This approach is in line with the 

REACT approach, in which learners link familiar experiences to new information or 
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problems to be solved, leading to better interpretation and comprehension skills (Wang et al., 

2017). 

Table 3 

Posttest Score of Students 

Score 
Control Experimental 

Verbal Interpretation 
F % F % 

Interpretation Skills 

5 - - 24 60 Advanced 

4 - - 14 35 Proficient 

3 2 5 2 5 Approaching 

2 23 57.5 - - Developing 

1 11 27.5 - - Beginning 

0 4 10 - - Did not meet the expectation 

Analysis Skills 

5 - - 23 57.5 Advanced 

4 1 2.5 14 35 Proficient 

3 24 60 2 5 Approaching 

2 12 30 1 2.5 Developing 

1 3 7.5 - - Beginning 

0 - - - - Did not meet the expectation 

Evaluation Skills 

5 - - 23 57.5 Advanced 

4 1 2.5 12 30 Proficient 

3 17 42.5 5 12.5 Approaching 

2 19 47.5 - - Developing 

1 3 7.5 - - Beginning 

0 3 7.5 - - Did not meet the expectation 

Inference Skills 

5 - - 27 67.5 Advanced 

4 - - 10 25 Proficient 

3 18 45 3 7.5 Approaching 

2 21 52.5 - - Developing 

1 1 2.5 - - Beginning 

0 - - - - Did not meet the expectation 

Total 40 100 40 100   

 

Based on the comparison between the control and experimental groups' post-test 

scores for critical thinking skills in terms of analysis, the results show that the majority of the 

control group improved their skills in the approaching level, with 24 students or 60% 

receiving a score of 3. This improvement could be attributed to the lecture method, which 

allowed teachers to personally teach the students, improving their fundamental concepts and 

skills. However, the experimental group's score greatly increased, with 23 students or 57.5% 

receiving a score of 5 on the advanced level. This is due to the contextualized video tool 
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used, which applies new concepts to real-world situations and encourages students to 

consider the assumptions that support their arguments. The REACT approach used in the 

video tool was found to improve students' reasoning skills in given problem-solving 

situations, as supported by Rohayati (2013). The use of embedded questions in instructional 

interactive films, as investigated by Tweissi (2016), was also found to increase participants' 

self-efficacy and confidence, supplement their existing knowledge with new information, 

rehearse memory, and achieve better learning outcomes. Therefore, innovative teaching 

approaches and tools, such as the REACT approach and embedded questions, could further 

improve students' critical thinking and analysis skills. 

The result of control and experimental groups' post-test scores for critical thinking 

skills in terms of evaluation indicate that the experimental group outperformed the control 

group, with a higher percentage of students achieving advanced and proficient levels. 

Additionally, the REACT approach, which was utilized in the experimental group, played a 

vital role in improving students' critical thinking skills. The approach allowed students to 

apply new mathematical ideas and approaches to find and prove errors in a given problem. 

This finding is supported by the Vural (2013), which suggests that using a Question-

Embedded Video-based Learning Tool on E-learning can improve student achievement. The 

video tool also helped students improve their evaluation skills by including questions with 

logical consequences that can be calculated to prove and find errors in mathematical 

solutions and problems. The results also emphasize the importance of utilizing innovative 

approaches and tools to enhance students' critical thinking skills and improve their academic 

performance. 

Lastly, the post-test scores of the control and experimental groups for critical thinking 

skills in terms of inference illustrates that the control group showed a low level of 

performance in drawing conclusions from mathematical problems due to the students' weak 

basic concepts and skills, as indicated by the absence of students scoring 4 or 5. However, 

the experimental group's performance hugely improved, with 67.5% of students scoring 5 

and 25% scoring 4, demonstrating their ability to solve complex mathematical problems 

involving circles and geometric figures. This improvement can be attributed to the REACT 

approach's contextualization and embedded questions based on Socratic methods of 

questioning, which promote critical thinking and reasoning skills. These findings are aligned 

with Meij et al. (2021) that open-ended embedded questions in online video-recorded 
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lectures can enhance their effectiveness as learning aids. Furthermore, the video tool used in 

this study also includes questions that help students reflect on the underlying motives of 

lower-level moods and behaviors, which can aid in improving their inference skills. Firdaus 

et al. (2015) also found that students' ability to draw conclusions and make reasoning 

improved when they were able to solve complex problems, suggesting the importance of 

mastering basic concepts and skills. 

 

Table 4 

Test of Difference on Students’ Interest Before and After the Utilization  

Students’ Interest 
Before After 

T 
D

f 

Sig. (2-

tailed) 
Mean SD Mean SD 

Attitudes Toward 

Mathematics 
3.21 0.37 3.54 0.26 -6.176 

3

9 
0.000 

Initiatives in Studying 

Mathematics 
3.31 0.27 3.64 0.23 -7.061 

3

9 
0.000 

Mathematics Experience 3.09 0.27 3.58 0.25 -10.595 
3

9 
0.000 

  

Table 4 illustrates the difference in the students’ interest before and after the 

utilization of the contextualized question-embedded video-based teaching and learning tool. 

The results show that there is a significant difference in students' interest in all three 

measures after the utilization of the intervention with p-values of 0.000. Specifically, the 

mean score for attitudes toward mathematics increased from 3.21 to 3.54, the mean score for 

initiatives in studying mathematics increased from 3.31 to 3.64, and the mean score for 

mathematics experience increased from 3.09 to 3.58. 

This indicates that the use of the contextualized question-embedded video-based 

teaching tool is effective in raising the student's interest in mathematics learning. Also, it has 

been observed that students find video tools to be more engaging than other study methods 

and related topics. Students find it particularly helpful when it presents numbers, angles, 

graphs, and representations of circles since these things make it easier for them to understand 

the concepts. In addition, using a video tool encourages students to take initiative in engaging 

in-class activities and completing assigned tasks. 

Utilizing video-based tools in mathematics education has been shown to positively 

affect students' motivation and interest. Kahrmann (2016) and Korpela (2014) have shown 

that the use of video tutorials and short video lectures in mathematics education can increase 
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students' self-efficacy, mathematical success, and learning experiences. Hansch et al. (2015) 

also found that students enjoy studying from videos, which allows them to learn more freely 

and independently. The contextualized question-embedded video-based tool used in this 

study has similarly been shown to enhance students' interest and engagement in mathematics 

as shown in the previous tables. The findings suggest that developing innovative teaching 

resources and tools that inspire students to participate actively in class activities, complete 

learning assignments, and understand the value of mathematics can significantly improve 

students' motivation and performance in the subject. 

 

Table 5 

Test of Difference of Scores in the Critical Thinking Skills of the Control Group 

Critical Thinking Skills 
Pretest  Posttest 

t Df Sig. (2-tailed) 
Mean SD Mean SD 

Interpretation 1.33 0.8 2.58 0.8 -6.3 39 0 

Analysis 1.68 1.1 2.58 0.7 -4.46 39 0 

Evaluation 1.6 1.1 2.4 0.7 -4 39 0 

Inference 1.45 0.9 2.43 0.6 -5.39 39 0 

 

Table 5 illustrates the difference between the pre-test and post-test scores in the 

critical thinking skills of the students in the control group. The results demonstrate a 

significant difference in mean scores between pretest and posttest for all four critical thinking 

skills with p-value of 0.000. Specifically, the mean scores for the interpretation skill 

increased from 1.33 to 2.58, while the analysis and the inference skills' mean scores each 

increased from 1.68 to 2.58 and 1.45 to 2.43, respectively. Moreover, the mean score for the 

evaluation skill showed an increase from 1.60 to 2.40 post-intervention. 

The lecture method can enhance critical thinking skills in mathematics but it may not 

be sufficient to reach the desired level of interpretation, analysis, evaluation, and inference as 

shown by post-test mean scores. Students tend to focus on identifying unknown quantities 

and defining terms, which limits their higher-order thinking skills. Firdaus et al. (2015) 

emphasized that mathematics education goes beyond imparting mathematical knowledge as it 

also plays a crucial role in cultivating critical thinking abilities that are crucial for solving 

problems in both academic and real-world settings. 
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To improve students' critical thinking skills, teachers should ask questions that 

challenge and strengthen these skills and contextualize teaching and learning materials 

(Cubillas, 2018). Furthermore, contextualizing Mathematics in a sociocultural classroom by 

connecting it to the real world and presenting contextual problems has been found to 

motivate students, challenge them to apply Mathematical reasoning to different situations, 

and engage them in higher-order thinking (Orozco & Pasia, 2021). Thus, to help 21st-century 

learners achieve their learning objectives, educators and schools must provide teaching and 

learning materials that improve their mathematical critical thinking skills, as they are 

considered digital learners. 

Table 6 

Test of Difference of Scores in the Critical Thinking Skills of Experimental Group  

Critical Thinking Skills 
Pretest  Posttest 

t Df Sig. (2-tailed) 
Mean SD Mean SD 

Interpretation 1.63 1 4.55 0.6 -15.07 39 0 

Analysis 1.5 1.1 4.48 0.7 -16.14 39 0 

Evaluation 1.78 1.2 4.45 0.7 -12.56 39 0 

Inference 1.7 1 4.6 0.6 -17.76 39 0 

 
Table 6 presents a significant difference between the pretest and posttest mean scores 

in the critical thinking skills of the students in the experimental group, which were exposed 

to contextualized question-embedded video-based teaching and learning tools. The findings 

indicate a notable difference in the mean scores between the pretest and posttest for all four 

critical thinking abilities, with a p-value of 0.000. Specifically, there was a marked increase 

in mean scores for the interpretation skill from 1.63 to 4.55, while the mean scores for the 

analysis and evaluation skills increased from 1.50 to 4.48 and 1.78 to 4.45, respectively. 

Additionally, the inference skill's mean score showed an increase from 1.70 to 4.60 after the 

intervention. 

This implies that the utilization of this video tool is effective in improving the 

mathematical critical thinking skills of the experimental group. This finding is consistent 

with Rajab (2019) that using contextualized T-Math videos for grade 8 learners greatly 

improved their mathematical ability. Similarly, Vural (2013) reported that students who 

utilized a question QVE tool interacted more with the learning materials and achieved higher 

grades. These studies provide evidence of the effectiveness of video-based teaching and 

learning tools in enhancing the critical thinking skills of students in mathematics.  
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The study also revealed that the use of the contextualized question-embedded video-

based tool improved students' confidence in answering learning tasks and assessments. The 

tool helped students recognize their prior knowledge, develop their skills in mastering the 

lesson, and improve their problem-solving skills in complex mathematical problems, 

requiring critical thinking. Thus, the utilization of this video tool is effective in improving the 

mathematical critical thinking skills of the experimental group and can serve as an 

intervention method that helps students overcome typical math difficulties. 

In conclusion, the findings of this study support the effectiveness of utilizing 

contextualized question-embedded video-based tools in enhancing students' critical thinking 

skills in mathematics. These tools not only provide engagement activities that are in 

consonance with the needs of the learners but also develop their motivation to learn 

mathematics, grasp more ideas and skills in mathematics, and improve their higher-order 

thinking skills. 

Table 7 

Difference of Pretest Scores of Control Group and Experimental Group 

Critical Thinking Skills 
Control Experimental 

T df Sig. (2-tailed) 
Mean SD Mean SD 

Interpretation 1.33 0.8 1.63 1 -1.5 78 0.15 

Analysis 1.68 1.1 1.5 1.1 0.72 78 0.48 

Evaluation 1.6 1.1 1.78 1.2 -0.7 78 0.5 

Inference 1.45 0.9 1.7 1 -1.2 78 0.24 

 

Table 7 shows the difference in critical thinking skills between the control and 

experimental groups in the pretest. It is demonstrated that the mean pretest scores of the two 

groups are nearly identical or do not differ significantly. This means that the respondents in 

the control and experimental groups are evenly distributed. Sample selection and promotion 

of heterogenous class in the junior high school are contributing factors for the non-existence 

of significant difference. Heterogeneous class sectioning over homogeneous class sectioning 

is implemented to avoid stigmatizing and stereotyping students' academic performance in 

lower sections in the public schools in the Philippines. To assess the efficacy of an 

experimental study, respondents should be evenly distributed in terms of academic 

performance, behavior, likes, intelligence, and other criteria (Mitchell, 2015). 

Table 8 presents a comparison of the critical thinking skills post-test scores between 

the control and experimental groups, revealing a significant difference between the two 
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groups with a p-value of 0.000. It was observed that the experimental group, which was 

exposed to contextualized question-embedded video-based teaching and learning tools, 

demonstrated better engagement and collaboration when solving learning tasks. In contrast, 

the control group took longer to analyze and solve word problems and had difficulties 

interpreting graphs and identifying errors in mathematical solutions. 

 

Table 8 

Difference of Posttest Scores of Control Group and Experimental Group 

Critical Thinking Skills 
Control Experimental 

T df Sig. (2-tailed) 
Mean SD Mean SD 

Interpretation 2.58 0.8 4.55 0.6 -13.1 78 0 

Analysis 2.58 0.7 4.48 0.7 -12.2 78 0 

Evaluation 2.4 0.7 4.45 0.7 -13.2 78 0 

Inference 2.43 0.6 4.6 0.6 -16.4 78 0 

 

The results underscore the efficacy of using contextualized question-embedded video-

based teaching and learning tools in enhancing critical thinking skills in mathematics, 

specifically in interpretation, analysis, evaluation, and inference. The findings are aligned 

with Meij et al.'s (2021) that incorporating open-ended embedded questions in online video-

recorded lectures led to significantly higher mean test scores. Wang et al. (2017) also 

highlights the importance of contextualization in creating a more stimulating learning 

environment, supporting the use of the REACT approach in contextualizing video tools in the 

present study. 

Overall, the study recommends that teachers adopt these innovative teaching 

strategies to improve their students' learning outcomes in mathematics. By integrating 

contextualized video tools and embedded questions using Socratic questioning, students can 

develop their critical thinking skills and enhance their academic performance in the subject. 

 

5. Conclusion 

The study shows that incorporating contextualized question-embedded video-based 

teaching and learning tools can effectively enhance students' interest and critical thinking 

skills in mathematics. It also highlights the limitations of traditional teaching methods in 

developing higher-order thinking abilities in students. Therefore, it is suggested that 

educators may adopt more innovative teaching strategies and materials to adapt to the 

evolving needs of digital learners. 
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The study suggests that targeted training and seminars on innovative teaching and 

learning tools should be provided to math teachers by school administrators, supervisors, 

principals, and master teachers. By integrating technology into the teaching and learning 

processes, the education system can undergo a transformative change, equipping students 

with the essential skills to tackle complex problems in the digital age. Additionally, teachers 

are encouraged to develop supplementary instructional materials like interactive video lesson 

that foster student motivation, enhance learning, and promote the development of critical 

thinking skills. 

To confirm the results of the study, future research can be conducted with a larger 

sample size or a different academic level. Comparative studies can also be done to determine 

the most effective instructional tools in boosting students' interest and critical thinking skills 

in mathematics. This can pave the way for the development of more effective teaching and 

learning tools that cater to the needs of both students and teachers in the education system.  
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