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ABSTRACT 

This study examined the relationship between students’ perception of teachers’ Technological, Pedagogical, and 

Content Knowledge (TPACK) and motivation to learn science, with physics anxiety serving as a moderating 

variable. Using a descriptive-correlational quantitative research design, the study involved Grade 12 senior high 

school students as respondents. Data were analyzed using Pearson Product-Moment Correlation, multiple 

regression, and moderation analysis through simple slope analysis. The findings revealed that students perceived 

their teachers’ TPACK to be very high and that their motivation to learn science was also high. However, students 

also demonstrated high levels of physics anxiety. Correlation and regression analyses showed that Instructional 

Representation and Strategies (IRS) and Knowledge of Students’ Understanding (KSU) positively predicted 

motivation, while Technology Integration and Application (TIA) negatively predicted motivation. Furthermore, 

moderation analysis revealed that physics anxiety significantly moderates the relationship between perceived 

teachers’ TPACK and motivation to learn science. Specifically, the positive effect of teachers’ TPACK on 

motivation weakened as students’ physics anxiety increased. The study concluded that effective technological, 

pedagogical, and content instructional competencies enhance students’ motivation, but high physics anxiety may 

diminish the positive impact of teachers’ TPACK on motivation to learn science. These findings indicate that 

even though the enhancement of teachers' TPACK alone might not be enough to maintain the motivational level 

of students for science, there is also a need for the adoption of instructional and psycho-social approaches that 

assist in minimizing the students' anxiety about physics, thus creating a conducive environment for efficient 

teaching. 

Keywords: Technological Pedagogical and Content Knowledge (TPACK), motivation to learn science, physics  

anxiety, science education, moderation analysis, senior high school students  

INTRODUCTION 

The decline in students' motivation to learn science has become a growing concern, particularly in cognitively 

demanding disciplines such as physics. Motivation is a critical affective factor that influences students’ 

engagement, persistence, participation, and willingness to learn scientific concepts. Students with low 

motivation often exhibit reduced classroom participation, limited effort, poor conceptual understanding, and low 

academic performance in science subjects (Capunitan et al., 2023). In physics education, this problem becomes 

more evident because students are expected to understand abstract concepts, mathematical relationships, and 

scientific reasoning simultaneously. 

Low student motivation has also been associated with ineffective instructional practices and limited instructional 

clarity in science classrooms. Krishan & Al‑Rsa’i (2022) explained that poor instructional delivery contributes 

to weak academic performance and learner disengagement. In physics education, instructional clarity—through 

coherent explanations, organized discussions, and responsive teaching—has been shown to influence students’ 

confidence and motivation positively. A secondary analysis of TIMSS  2019 data revealed that clearer, 

well‑structured physics instruction significantly predicted higher motivation and self‑confidence among students 
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learning physics (Pečiuliauskienė, 2023). These findings suggest that effective teaching practices can improve 

students’ motivation and learning experiences in science. 

Globally, students continue to demonstrate low achievement and declining interest in science learning. The 

Trends in International Mathematics and Science Study (TIMSS) reported weak performance in scientific 

concepts among many participating countries, emphasizing the importance of affective and instructional factors 

in science learning outcomes (Mullis et al., 2020). One instructional factor strongly associated with positive 

science learning outcomes is teachers’ Technological, Pedagogical, and Content Knowledge (TPACK). 

According to Herwanto et al. (2024), teachers with strong TPACK can effectively integrate technology, 

pedagogy, and content, making science lessons more interactive, engaging, and meaningful. TPACK‑based 

instruction also promotes active learning, improves visualization of abstract concepts, and enhances students’ 

interest and motivation toward science. 

At the same time, students’ emotional experiences in physics learning may influence how instructional practices 

affect their motivation. One important affective factor is physics anxiety, which refers to students’ feelings of 

fear, tension, worry, and apprehension when engaging with physics concepts, laboratory activities, 

problem‑solving tasks, or assessments. Moroki & Lahamendu (2024) emphasized that poor instructional design 

and unsupportive learning environments can intensify students’ anxiety. In contrast, organized and 

technology‑supported instruction can reduce stress and improve students’ confidence in learning physics. This 

indicates that teachers’ TPACK may influence students’ anxiety levels by helping simplify abstract concepts and 

improving students’ understanding of lessons. 

Previous studies further revealed that anxiety negatively affects students’ motivation and engagement in science 

learning. Simón et al. (2024) found that higher anxiety levels are associated with lower academic engagement. 

In contrast, students with greater confidence and self‑efficacy are better able to sustain motivation despite 

academic challenges. Similarly, Malespina et al. (2025) explained that students with high levels of physics 

anxiety often avoid difficult tasks, doubt their abilities, and exhibit reduced intrinsic motivation for learning 

physics. Limbaga & Borlio (2025) also reported that science anxiety significantly and negatively affects students’ 

academic performance and willingness to participate in science‑related activities. These findings imply that 

physics anxiety may weaken or strengthen the influence of perceived teachers’ TPACK on students’ motivation 

to learn science. 

Understanding students’ motivation to learn science is essential because motivation influences students’ 

engagement, persistence, academic achievement, and participation in STEM‑related learning activities. 

Motivation drives students to put in effort, stay engaged, and actively participate in challenging science tasks. 

Soriano‑Sánchez et al. (2025) emphasized that motivation serves as a foundation for meaningful learning and 

academic achievement in science education. Research further indicates that students with moderate to high levels 

of motivation tend to perform better academically because motivation enhances cognitive, behavioral, and 

emotional engagement in learning scientific concepts. 

Conversely, declining motivation in science has been associated with disengagement, poor conceptual 

understanding, and lower achievement. Chan & Che Hassan (2017) found that motivation toward science 

significantly influences students’ academic performance and conceptual understanding. Despite the recognized 

importance of motivation, many students continue to experience low interest and engagement in science due to 

unengaging instruction, lack of relevance, and emotional barriers such as anxiety. This highlights the need to 

investigate instructional factors, such as teachers’ TPACK, and emotional factors, such as physics anxiety, that 

may influence students’ motivation to learn science. 

Research has consistently established teachers’ TPACK as an important factor in effective science instruction 

and technology‑enhanced learning environments. Teachers with strong TPACK are better able to integrate digital 

tools, instructional strategies, and content knowledge to create meaningful and engaging science lessons. Recent 

studies continue to affirm that TPACK positively influences student engagement, classroom interaction, and 

motivation in science learning. However, most TPACK studies remain instruction‑centered, focusing primarily 

on teachers’ competencies rather than on students’ affective conditions that may influence motivational 

outcomes. 
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Similarly, recent studies on physics anxiety have shown that anxiety negatively affects students’ engagement, 

persistence, confidence, and motivation in science learning, especially in subjects involving abstract concepts 

and mathematical reasoning (Luo & Luo, 2022; Tze et al., 2022). However, most studies examine anxiety only 

as a predictor or outcome variable, rather than as a moderator within instructional frameworks. Consequently, 

there is limited empirical evidence on whether physics anxiety changes the strength or direction of the 

relationship between teachers’ TPACK and students’ motivation to learn science. 

The lack of studies examining physics anxiety as a moderating variable creates a significant research gap in 

science education. Although previous studies separately explored teachers’ TPACK, students’ motivation, and 

science anxiety, few studies have integrated these variables into a single framework. This gap is particularly 

important in the Philippine educational context, especially in private schools, as they adapt to 

technology‑integrated instruction and the MATATAG curriculum. Understanding whether physics anxiety 

weakens or strengthens the relationship between perceived teachers’ TPACK and students’ motivation to learn 

science may provide valuable insights for improving instructional practices, student engagement, and science 

learning outcomes. 

The objective of this study is to examine the correlations between students’ perception of their teachers’ 

Technological, Pedagogical, and Content Knowledge (TPACK) and Motivation to Learn Science, and to 

investigate the moderating role of Physics Anxiety among STEM students in General Physics. 

This study specifically aims to: (1) assess the level of students’ perception of teachers’ Technological 

Pedagogical and Content Knowledge (TPACK) in terms of subject-matter knowledge, instructional 

representation strategies, knowledge of students’ understanding, and technology integration and application; (2) 

assess the level of students’ motivation to learn science in terms of self-efficacy, active learning strategies, 

science learning value, performance goal, achievement goal, and learning environment stimulation; (3) identify 

the level of students’ physics anxiety in terms of course/test anxiety, lack of physics knowledge anxiety, 

mathematics anxiety, and physics laboratory anxiety; (4) examine the significant relationship between students’ 

perception of teachers’ TPACK and students’ motivation to learn science; and (5) determine whether physics 

anxiety significantly moderates the relationship between students’ perception of teachers’ TPACK and students’ 

motivation to learn science. 

This study is grounded in the TPACK Framework by Mishra and Koehler (2006) as an extension of Shulman’s 

Pedagogical Content Knowledge framework. It explains how technology, pedagogy, and content knowledge 

integrate to support effective teaching. Teachers with strong TPACK are capable of designing 

technology‑integrated lessons that improve instructional clarity, interaction, and conceptual understanding. Also, 

the study is anchored in Pekrun’s Control-Value Theory (2006), which posits that students’ emotions and 

motivation are influenced by their perceived control over learning tasks and the value they attach to them. 

Science Anxiety Theory, rooted in Mallow (1981), also supports the study by explaining that students develop 

fear, apprehension, and tension toward science learning because of negative experiences, lack of confidence, and 

difficulty understanding scientific concepts. Lastly, Self-Determination Theory, developed by Deci and Ryan 

(1985), which explains that students become more motivated when learning environments support autonomy, 

competence, and relatedness. 

METHODS 

Research Design and Procedure 

This study utilized a descriptive-correlational quantitative design, which is appropriate for examining 

relationships among variables without active manipulation. To address the specific interaction of student 

emotions, the study employs a moderation analysis. As emphasized by Zhang & He (2024), incorporating a 

moderating variable allows the researcher to qualify a relationship by indicating the conditions under which an 

effect is strengthened, weakened, or reversed, rather than implying a strict causal sequence. Specifically, this 

approach enables investigation into how physics anxiety affects the strength of the relationship between teachers’ 

TPACK and students’ motivation to learn science.  
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Furthermore, the researcher employs a cross-sectional design with respect to the time dimension, as TPACK, 

motivation to learn science, and physics anxiety are measured at a single point in time using adapted survey 

questionnaires. The mean was used to determine the level of teachers’ Technological, Pedagogical, and Content 

Knowledge (TPACK), students’ motivation to learn science, and physics anxiety among Grade 12 Senior High 

School STEM students. Pearson Product–Moment Correlation Coefficient (r) was used to assess significant 

relationships between the dimensions of teachers’ TPACK and students’ motivation to learn science. Multiple 

regression analysis was further utilized to identify which TPACK dimensions significantly predict students’ 

motivation to learn science. Lastly, moderation regression analysis and simple slope analysis were conducted to 

determine whether physics anxiety significantly moderates the relationship between teachers’ TPACK and 

students’ motivation to learn science. 

Accordingly, in the methodical approach to data acquisition, the researcher has sought authorization from the 

Dean of the Professional Schools to conduct the study. The researcher has also sought permission from the 

Principal and Academic Head of the respondent’s school to conduct the study. The researcher obtained ethical 

clearance from the University of Mindanao Ethics Review Committee (UMERC). As part of a courtesy call, the 

researcher promptly met with the academic head and explained the intention to survey all respondents and to 

determine appropriate schedules for questionnaire administration. Informed parental consent was obtained 

before participation, and respondents were informed of the study's purpose, the confidentiality of their responses, 

and their right to withdraw at any time without academic consequences. 

The participants were oriented to their roles in the study, including its purpose, procedures, risks, benefits, 

confidentiality measures, and their rights as participants. They were given 24 hours to review the consent forms 

and consult their parents or guardians before deciding to participate. Consent forms were collected confidentially 

via a sealed drop box to ensure privacy during the distribution of the survey questionnaire. The researcher 

personally distributed the research instrument to the respondents from February 2026 to April 2026. With the 

help of the STEM Department Head and teachers, all questionnaires were retrieved. The data were retrieved and 

encoded. Lastly, the data were analyzed and interpreted using appropriate statistical methods. 

During data collection, ethical issues and considerations arose. 

Voluntary Participation. Participation in the research was absolutely voluntary, and only qualified subjects were 

selected for the research. All respondents were oriented on the purpose, rights, and their option to refuse 

participation in the research without any penalty on their grades. Their decision to participate in the research was 

made voluntarily, without any form of coercion. The respondents were told that teachers would not know whose 

answers they were receiving, and that their answers would be kept confidential. Additionally, a neutral third 

party handled the recruitment and data collection process, particularly in the researcher’s affiliated institution, 

to ensure objectivity and protect participants’ autonomy. Lastly, the teachers will not directly handle or 

administer the questionnaires to their own students; only the researcher will, to ensure that participation remains 

voluntary and free from pressure. 

Privacy and Confidentiality. The study strictly upholds the principles of privacy and confidentiality in 

accordance with the Data Privacy Act of 2012. To protect participants’ identities, the questionnaire was designed 

without direct identifiers; any optional name field was removed to ensure full anonymity. Responses were coded 

using numerical identifiers, and no personally identifiable information was collected or linked to the data. Access 

to both physical and digital data was strictly limited to the researcher to prevent unauthorized use or disclosure. 

Data will be retained for a specified period of three (3) years solely for academic and research purposes. After 

this period, all data will be securely disposed of: paper documents will be shredded, and electronic files will be 

permanently deleted, including any backup copies. Any coded data and related files will be destroyed in a manner 

that prevents their retrieval or reconstruction. 

Informed Consent. The study used separate informed consent forms for adult and minor participants, ensuring 

that ethical standards for each age group are appropriately addressed. To strengthen the protocol, the informed 

consent process is clearly defined. Consent will be obtained by the researcher before data collection, before any 

questionnaires are distributed. Participants were given a day to read and understand the consent form, ask 

questions, and decide whether to participate without pressure. For minor participants, parental or guardian 
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consent was secured first, followed by the students’ assent. The assent of minors will be documented through a 

signed assent form, indicating their willingness to participate. Both consent and assent will be obtained before 

administering the survey to ensure ethical compliance. Lastly, the researcher's contact details will be kept 

consistent across all documents, including the informed consent forms, the manuscript, and the permission 

letters, to ensure transparency and ease of communication. 

Recruitment. The recruitment process was carefully designed to minimize the risk of perceived coercion, 

particularly since teachers and administrators approached participants in the school setting. To address this 

concern, it was clearly emphasized that participation in the study was entirely voluntary and that students’ 

decisions to participate or decline would have no effect on their academic standing, grades, or relationship with 

their teachers and school. Teachers and school personnel assisted only in disseminating information about the 

study and did not influence, monitor, or be involved in students’ decisions to participate. They were not informed 

of who chose to participate, ensuring that students could decide freely without fear of judgment or pressure. Any 

class lists used solely for identifying qualified respondents were handled with strict confidentiality. Access to 

such information was limited to the researcher, used only for recruitment purposes, and not recorded in the final 

dataset. These lists were securely stored and disposed of after use to prevent unauthorized access. 

Risks. As participants evaluate their teachers' TPACK and reflect on their motivation and experiences of physics 

anxiety within a school-based context, discomfort, self-consciousness, or emotional unease may occur among 

some respondents. Participants were informed that they may skip any question they find uncomfortable and 

withdraw from the study at any time without negative consequences. The questionnaire was also designed with 

neutral, non-threatening language to reduce the likelihood of distress. A clear referral mechanism was established 

for participants who may experience discomfort during or after completing the survey. They will be advised to 

seek support from the school’s guidance office or designated counselor if needed. The researcher also 

coordinated with the school to ensure that appropriate support services are available and accessible to 

participants. 

Benefits. The study offered participants a small, tangible token of appreciation for their voluntary involvement. 

While participation is entirely voluntary and not contingent on receiving this token, it acknowledges the time 

and effort students dedicate to completing the survey. In addition to this direct benefit, participants may gain 

indirect benefits by reflecting on their motivation to learn science and their experiences with physics anxiety, 

thereby increasing self-awareness and personal insight. 

Plagiarism. The researcher ensured that the materials used were paraphrased and expressed in the researcher's 

own words. No portion of the study used another person's ideas or words; if it did, the person has been given 

appropriate credit for their work and study. As part of the process, the research paper underwent a plagiarism 

check at the university using Turnitin to ensure that no plagiarism occurred throughout the study. 

Fabrication. The study underwent the standard research procedure established by the Professional School of the 

University of Mindanao. There was no trace or indication of deliberate distortion of what was done. There was 

no fabrication of data and outcomes, nor any intentional presentation of false conclusions. There were no 

discrepancies between the material in the text and the current literature. 

Falsification. There was no evidence that the study was intentionally misrepresented to match a model or 

theoretical assumption. There was no indication of fabrication or over-claiming. To prevent scientific 

misconduct, such as falsification, the correction mechanism was strengthened, and researchers sought to accord 

peer review the importance it deserved. This ensured accuracy. Also, collaboration among research institutions, 

journals, authors, and co-authors was needed to improve research standards and procedures, thereby prioritizing 

knowledge over economic benefits and prestige. 

Conflict of Interest. The study had no conflicts of interest, as the researcher had no relationship with the study's 

respondents. The researcher is a grade school teacher at Precious International School of Davao. However, this 

potential concern is mitigated by the fact that the study’s respondents are senior high school students, while the 

researcher’s teaching responsibilities are limited to the grade school level. To further manage any perceived 

conflict, the researcher does not directly recruit or administer surveys to any students from the senior high school. 
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Consent and survey instructions are communicated clearly to participants, emphasizing voluntary participation 

and confidentiality, and teachers or staff do not influence students’ decisions to participate.  

Deceit. This study did not include any deception. Everything that was said and reflected was accurate and had 

been extensively verified by many research professionals. The researcher and his paper maintain a commitment 

to honesty, integrity, and transparency. 

Permission from the Organization. Prior to the commencement of data collection, the researcher secured formal 

approval from the University of Mindanao Ethics Review Committee (UMERC). Any data collected before 

obtaining this approval will be considered null and void, ensuring full compliance with ethical standards. An 

approved letter from the Dean of the Professional Schools at the University of Mindanao was obtained, along 

with any other necessary authorizations to conduct the study. The Principal and Academic Head of each school 

were the recipients of the letter. 

Authorship. No person was authorized to publish or present this paper except the researcher or the adviser 

without the researcher's consent. If the organization wants a copy of the study results, it can access them to create 

programs and policies within the organization, with the researcher's, adviser's, and university's permission. For 

publication, the adviser becomes the co-author of the study. 

Research Participants 

The respondents in this study were the Grade 12 STEM students enrolled in the Senior High School Strand of 

Precious International School of Davao, Philippine Academy of Sakya Davao, and Holy Cross College of 

Calinan for the Academic Year 2025-2026. The respondents were 326 students enrolled in the General Physics 

course who shared their academic experiences. These students share characteristics essential to the study's 

objectives: they are at a comparable developmental stage, have prior exposure to foundational science and 

physics concepts, and are taught by science teachers who employ varying levels of integration of technology, 

pedagogy, and content in instruction. As senior high school learners, they are expected to engage in more abstract 

scientific reasoning and problem-solving, making them particularly susceptible to fluctuations in learning 

motivation and physics anxiety. 

All Grade 12 Senior High School STEM students from intact sections in the three selected private schools were 

included as respondents in this study, resulting in a total sample of 326 participants. The inclusion of all available 

respondents from the three schools ensured broader representation of STEM learners within the study locale. It 

provided an adequate sample size for examining the relationships among students’ perceptions of their teachers’ 

TPACK (independent variable), motivation to learn science (dependent variable), and the moderating effect of 

physics anxiety. This sample size also ensured sufficient statistical power for both correlational and moderation 

regression analyses, yielding more stable and precise estimates while reducing sampling error. According to 

Hayes (2018), larger sample sizes are particularly important when testing interaction effects in regression models 

because they increase the likelihood of detecting significant moderation effects. 

In addition, the researcher employed purposive sampling to select students who met specific criteria. Purposive 

sampling was adopted to ensure that participants were most relevant to the research objectives and possessed 

unique context-specific data and characteristics, such as instructional strategies, content, and subject-related 

learning tasks, that were essential to the study’s purpose (Ahmad & Wilkins, 2024). Furthermore, because the 

population of students taking General Physics is exclusive to the STEM strand, the researcher involved the entire 

group (total enumeration). This approach was adopted to minimize sampling bias and ensure that the data provide 

a comprehensive representation of the instructional strategies and pedagogical integrations used by their science 

teachers. 

Research Instruments 

This study utilized three (3) standardized instruments to measure the key variables: (1) Students’ Perceptions of 

their Teachers’ Technological Pedagogical and Content Knowledge (TPACK), (2) Students’ Motivation to Learn 

Science, and (3) Physics Anxiety. The Students’ Perceptions of Science Instructors’ TPACK questionnaire was 
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adapted from Jang & Chen (2013) and comprises four subcategories: subject matter knowledge (SMK), 

instructional representations and strategies (IRS), knowledge of students’ understanding (KSU), and technology 

integration and application (TIA). Meanwhile, the Students' Motivation Towards Science Learning questionnaire 

was adapted from Tuan, Chin, & Shieh (2005) with six subcategories: self-efficacy, active learning strategies, 

science learning value, performance goal, achievement goal, and learning environment stimulation. Lastly, the 

Physics Anxiety Rating Scale was adapted from Şahin (2014) with four subcategories: physics course/test 

anxiety (C/TA), lack of physics knowledge (LPKA), mathematics anxiety (MA), and physics laboratory anxiety 

(PLA). 

RESULTS AND DISCUSSIONS 

Students’ Perceptions of Their Teachers’ Technological, Pedagogical, and Content Knowledge 

The results of the gathered data are presented in this section. The order of the presentation is based on the 

objectives of the study. 

Table 1 Level of Students’ Perceptions of Their Teachers’ Technological, Pedagogical, and Content Knowledge 

 Mean SD Interpretation 

Subject-Matter Knowledge 4.29 0.464 Very High 

Instructional Representation Strategies 4.15 0.537 High 

Knowledge of Students’ Understanding 4.16 0.506 High 

Technology Integration and Application 4.33 0.641 Very High 

Overall 4.23 0.377 Very High 

Table 1 shows that students' perceptions of teachers' technological, pedagogical, and content knowledge were 

very high, with an overall mean score of 4.23 (SD = 0.377). It indicates that the students viewed their physics 

teacher as highly competent in subject matter and the use of technology. As for the indicators, Technology 

Integration and Application obtained the highest mean score (x̄ = 4.33), indicating that students perceived their 

teachers as very skilled in using technological resources in teaching. On the other hand, the lowest mean score 

was attained by Instructional Representation Strategies (x̄ = 4.15), yet it remained at a high level of interpretation. 

These findings indicate that the high perceived value of teachers' TPACK helps create a positive learning 

experience for learners and motivates them to learn science. The high mean scores across all indicators suggest 

that respondents’ answers were consistent and that teachers can teach meaningfully by using the right 

combination of pedagogy, content, and technology. The low standard deviations further indicate consistency in 

students’ responses, suggesting that most respondents held similar positive perceptions of their teachers’ 

competencies. 

This study’s findings further confirm the theoretical underpinnings of the Technological Pedagogical and 

Content Knowledge (TPACK) framework proposed by Mishra & Koehler (2006), which posits an interwoven 

relationship among technology, pedagogy, and content knowledge to achieve effective instruction. The very high 

overall perception ratings of students of their teachers' competence suggest that teachers with high TPACK 

competence are better able to design meaningful and engaging science lessons. This idea aligns with the findings 

of Absari et al. (2020), who argued that combining technological, pedagogical, and content knowledge is crucial 

for enhancing instruction and providing meaningful learning experiences for students. Likewise, in their work 

on science teachers, Mohamad (2021) emphasized that teachers with higher TPACK competencies were more 

effective at integrating technology, thereby positively impacting students' learning experience. 

Students’ Motivation to Learn Science 
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Table 2 Level of Students’ Motivation to Learn Science 

 Mean SD Interpretation 

Self-efficacy 3.80 0.625 High 

Active Learning Strategies 4.09 0.542 High 

Science Learning Value 4.19 0.578 High 

Performance Goal 3.52 0.872 High 

Achievement Goal 4.21 0.557 Very High 

Learning Environment Stimulation 4.04 0.515 High 

Overall 3.97 0.307 High 

Table 2 presents the level of motivation to learn science, showing that students were highly motivated, with an 

overall mean score of 3.97 (SD = 0.307). This indicates a positive level of motivation among the respondents 

regarding science learning. The Achievement Goal indicator had the highest mean (x̄ = 4.21, SD = 0.557), which 

was interpreted as “Very High.” This implies that students are very motivated to perform well in their science 

subjects. On the other hand, the Performance Goal indicator had the lowest mean (x̄ = 3.52, SD = 0.872), but the 

interpretation remains the same: "High." 

These findings show that the students have both intrinsic and academic motivation to study science. The very 

high mean score for achievement goals indicates that students are motivated to master science concepts, improve 

their academic performance, and achieve individual success. It also means that they are not preoccupied with 

beating their peers. Similarly, the high mean scores for active learning approaches, science learning value, and 

environmental stimulation indicate that students understand the significance of science learning and feel 

encouraged in interactive, supportive environments.  

On the other hand, the relatively low mean self-efficacy score could indicate that some students have doubts 

about their self-confidence in science learning. These findings align with self-determination theory, which is also 

anchored in this study and was introduced by Deci & Ryan (1985). It highlights that learners become more 

motivated to learn when they are supported, value the learning process, and are encouraged to accomplish 

meaningful objectives. This study is also consistent with several previous studies indicating that a positive 

learning environment, effective teaching techniques, and learner-centered instruction play important roles in 

enhancing learners' motivation to learn science subjects. 

The findings are also in consonance with the results obtained by Ceylan & Kesici (2022), which indicate that 

students exposed to supportive learning methods and allowed to engage actively have higher levels of 

motivation, persistence, and a positive attitude towards their science learning. In other words, motivated students 

engage in class activities, persist through difficult assignments, and adopt a positive attitude towards learning 

science. Consequently, it becomes crucial to support learners' interest in studying science through supportive 

teaching practices. 

Physics Anxiety 

Table 3 Level of Physics Anxiety 

 Mean SD Interpretation 

Physics Course/Test Anxiety 3.53 0.622 High 

Lack of Physics Knowledge 3.56 0.743 High 

Mathematics Anxiety 3.62 0.886 High 
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Physics Laboratory Anxiety 3.63 0.650 High 

Overall 3.59 0.592 High 

In Table 3, it is evident that the level of anxiety among students studying physics was high, with an overall mean 

score of 3.59 (SD = 0.592). It can be noted that there is quite a lot of anxiety among students studying physics. 

Among the various dimensions of anxiety, the highest mean values were Physics Laboratory Anxiety (x̄ = 3.63, 

SD = 0.650) and Mathematics Anxiety (x̄ = 3.62, SD = 0.886), both rated as “High.” At the same time, the lowest 

mean value was observed for Physics Course/Test Anxiety (x̄ = 3.53, SD = 0.622), though it was also rated at 

the “High” level. 

Based on the findings above, students often encounter challenges and stressful moments when engaging with 

physics concepts, calculations, lab work, and assessments. High laboratory anxiety might mean that students feel 

stressed when conducting experiments, using lab instruments, or applying theoretical knowledge in practice. In 

addition, high mathematics anxiety means that the math-oriented aspect of physics is what creates the fear among 

the students. Furthermore, these findings suggest that stress may hinder students’ engagement, understanding, 

and motivation to study physics. 

Moreover, the research findings validate Mallow's (1981) Science Anxiety Theory. The Science Anxiety Theory 

is premised on the idea that anxiety towards science subjects has the capacity to influence motivation, academic 

performance, attitudes, and the overall learning process. Learners experiencing science anxiety often fear, 

become tense, and avoid science-related activities, especially those involving advanced mathematics and 

laboratory experiments. 

In addition, the findings also align with those of Kaya & Yildirim (2021), who found that anxious students in 

physics and math have difficulty maintaining focus. The abstract nature of physics and the complex calculations 

associated with it led many learners to develop anxiety. The importance of applying various teaching techniques 

to reduce students' anxiety when problem-solving and participating in their science classes. It seems that the 

abstract nature of physics and the complex calculations it entails lead many learners to develop an aversion to 

studying it. Hence, it is crucial to emphasize the importance of applying various teaching techniques to reduce 

students' anxiety when learning physics. 

Correlation Analysis between Independent and Dependent Variables 

Table 4 Correlation Analysis of IV and DV 

 

DV 

IV 

Subject- Matter  

Knowledge 

(SMK) 

Instructional 

Representation & 

Strategies (IRS) 

Knowledge of 

Students' 

Understanding (KSU) 

Technology 

Integration & 

Application (TIA) 

Overall 

Self-efficacy -0.314 

< .001 

-0.037 

0.503 

-0.04 

0.47 

-0.32 

< .001 

-0.259 

< .001 

Active Learning 

Strategies 

0.112 

0.043 

0.18 

0.001 

0.184 

< .001 

0.044 

0.428 

0.179 

0.001 

Science 

Learning Value 

0.24 

< .001 

0.221 

< .001 

0.174 

0.002 

0.143 

0.01 

0.272 

< .001 

Performance 

Goal 

-0.309 -0.059 -0.117 -0.357 -0.307 
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< .001 0.289 0.035 < .001 < .001 

Learning 

Environment 

Stimulation 

0.15 

0.007 

0.201 

< .001 

0.157 

0.004 

0.058 

0.299 

0.195 

< .001 

Achievement 

Goal 

0.224 

< .001 

0.196 

< .001 

0.235 

< .001 

0.226 

< .001 

0.313 

< .001 

Overall -0.035 

0.532 

0.197 

< .001 

0.155 

0.005 

-0.135 

0.014 

0.054 

0.332 

The correlation analysis between students' perceptions of their teachers' TPACK and their motivation to learn 

science is presented in Table 4. The figures appearing in this table indicate the correlation coefficients (r) and 

their respective probability levels (p). Positive correlations mean that when students' perceptions of teachers' 

abilities go up, so does their motivation, while negative correlations imply that increased perceptions correspond 

to decreased motivation. Statistically significant correlations are those for which p < 0.05. 

Self-Efficacy has shown a significant negative correlation with Subject-Matter Knowledge (r = -0.314, p < .001), 

Technology Integration & Application (r = -0.320, p < .001), and an overall score (r = -0.259, p < .001). These 

results indicate that even though students perceive their teacher as competent in subject-matter knowledge and 

in the application of technology in teaching, they still are likely to exhibit low levels of self-efficacy regarding 

their science performance. It can be argued that such a perception could lead to high intimidation among students, 

particularly those affected by physics anxiety and difficulties in understanding science. In this regard, it appears 

that the Instructional Representation & Strategies and Knowledge of Students’ Understanding do not affect 

students' confidence in science, since these two dimensions did not show a significant relationship with self-

efficacy. 

On the other hand, Active Learning Strategies has shown a significant and positive correlation with Subject-

Matter Knowledge (r = 0.112, p = 0.043), Instructional Representation & Strategies (r = 0.180, p = 0.001), 

Knowledge of Students’ Understanding (r = 0.184, p < .001), and an overall score (r = 0.179, p = 0.001). The 

above findings suggest that students who perceive their teachers as competent are more likely to be actively 

involved in learning science. These findings indicate that the teacher's use of appropriate teaching practices and 

knowledge of students' learning needs would lead to better classroom participation and learning activities. 

However, Technology Integration & Application was not significantly correlated with active learning strategies 

(r = 0.044, p = 0.428). 

The Science Learning Value variable demonstrated strong significant and positive correlations with all TPACK 

constructs, such as Subject-Matter Knowledge (r = 0.240, p < .001), Instructional Representation & Strategies 

(r = 0.221, p < .001), Knowledge of Student’ Understanding (r = 0.174, p = 0.002), Technology Integration & 

Application (r = 0.143, p = 0.010), and an overall score (r = 0.272, p < .001). These results imply that students 

who have positive attitudes towards their teachers are likely to consider science learning important. This study 

revealed that effective teaching strategies and the use of technology in teaching can enhance students' 

understanding of science. 

Moreover, a significant negative correlation was identified between Performance Goal and Subject-Matter 

Knowledge (r = -0.309, p < .001), Knowledge of Students’ Understanding (r = -0.117, p = 0.035), Technology 

Integration & Application (r = -0.357, p < .001), and an overall score (r = -0.307, p < .001). The results imply 

that learners who see themselves as having highly competent teachers tend to focus less on the external outcomes 

of their learning, such as grades, competitions, and beating other students to achieve high results. Instead, they 

may be more concerned with grasping the lesson content and acquiring scientific knowledge. Instructional 

Representation & Strategies was not significantly correlated with performance goals (r = -0.059, p = 0.289). 
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Learning Environment Stimulation has shown a significant positive correlation with Subject-Matter Knowledge 

(r = 0.150, p = 0.007), Instructional Representation & Strategies (r = 0.201, p < .001), Knowledge of Students’ 

Understanding (r = 0.157, p = 0.004), and an overall score (r = 0.195, p < .001). This implies that teachers' skills 

play a role in shaping a more stimulating and supportive science learning environment. Learning science might 

appear more appealing to students when teachers use effective instructional methods and demonstrate their 

pedagogical skills. Nonetheless, there was no significant correlation between TIA and learning environment 

stimulation (r = 0.058, p = 0.299). 

Additionally, Achievement Goal has shown a significant and positive correlations across all dimensions of 

TPACK, including Subject-Matter Knowledge (r = 0.224, p < .001), Instructional Representation & Strategies 

(r = 0.196, p < .001), Knowledge of Students’ Understanding (r = 0.235, p < .001), Technology Integration & 

Application (r = 0.226, p < .001), and an overall score (r = 0.313, p < .001). This implies that learners who 

recognize their teachers' competence tend to feel more motivated to accomplish their academic objectives in 

science. Positive correlations can be interpreted as indicating that effective learning practices motivate learners 

to be academically achievement-oriented. 

Finally, the overall correlation analysis revealed a very weak positive relationship between students’ overall 

perceived TPACK and overall motivation to learn science (r = 0.054). However, the relationship was not 

statistically significant (p = 0.332). This indicates that overall perceived TPACK does not significantly influence 

students’ overall motivation to learn science. Therefore, the null hypothesis that there is no significant 

relationship between teachers perceived TPACK and motivation to learn science is retained. Nevertheless, 

certain dimensions of TPACK demonstrated significant relationships with specific motivational factors. 

Moderation Analysis of the relationship between the Independent Variable and the Dependent Variable 

Table 5 Moderation Analysis (MV) towards the relationship between IV and DV 

95% Confidence Interval 

 Estimate SE Lower Upper Z P 

IV 0.0465 0.0459 -0.0434 0.1364 1.01 0.311 

MV 0.1320 0.0276 0.0779 0.1860 4.78 < .001 

IV ✻ MV -0.1624 0.0584 -0.2769 -0.0479 -2.78 0.005 

The results in Table 6 highlight the impact of Physics Anxiety as a moderator of the association between teachers' 

Technological, Pedagogical, and Content Knowledge (TPACK) and students' motivation to learn science. It was 

observed that the relationship between TPACK and the motivation to learn science (as the direct effect) was 

insignificant (Estimate = 0.0465, p = 0.311) if the moderating factor was considered in the model. Nevertheless, 

Physics Anxiety had a significant impact on students' motivation to learn science (Estimate = 0.1320, p < .001). 

The most critical part, however, is that the interaction between the perceived TPACK and physics anxiety was 

statistically significant (Estimate = -0.1624, p = 0.005). In other words, physics anxiety was a significant 

moderator of the association between TPACK and motivation to study science. The negative coefficient suggests 

that physics anxiety attenuates the effect of teachers' TPACK on the motivational aspect under discussion. Given 

that the p-value for the interaction was less than 0.05, the null hypothesis can be rejected. 

These results indicate that, despite students’ perception of their instructors as very good at integrating technology 

into instruction, using effective teaching strategies, and demonstrating strong subject-matter knowledge, high 

levels of physics-related anxiety might limit students’ confidence, engagement, and participation in scientific 

learning activities. In other words, physics anxiety may undermine students' cognitive engagement and 

responsiveness to instruction, thereby minimizing the positive influence of teachers' TPACK on students’ 

motivation to learn science. 
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Putwain (2021) stated that academic anxiety is highly influential in how engaged learners are and in their 

academic behavior and motivation, especially in science courses, where there tends to be considerable anxiety 

and fear of failure among learners. In addition, according to Loderer et al. (2020), anxiety might weaken the 

impacts of instructional support and environments on learners' academic motivation. This suggests that 

increasing teachers' instructional competencies alone will not be effective unless learners' anxiety is considered.  

Additionally, the simple analysis below further explains the moderating effect of physics anxiety on the 

relationship between students’ perception of teachers’ Technological, Pedagogical, and Content Knowledge 

(TPACK) and their motivation to learn science.  

 
 

As reflected in the findings, there was a positive and significant relationship between perception of TPACK and 

motivation to learn science at low levels of physics anxiety (-1SD) [Estimate = 0.1425, p = 0.003]. This suggests 

that students with low physics anxiety are likely to increase their motivation to learn science when they perceive 

their teachers as having strong knowledge of how to integrate technology, pedagogy, and content. However, this 

relationship was non-significant among students at average levels of physics anxiety [Estimate = 0.0465, p = 

0.314].  Similarly, in the case of high physics anxiety levels (+1SD), there was a negative and insignificant 

relationship between the two variables (Estimate = -0.0495, p = 0.454). Such results show that the positive effect 

of teacher TPACK on learners' motivation diminishes as physics anxiety increases. Because the probability figure 

at the low level of anxiety was below the 0.05 significance level, the null hypothesis is accepted in the case of 

students with low physics anxiety levels, but not high. 

The results suggest that students tend to derive greater benefits from effective instructional practices when they 

experience less anxiety about physics. Students with low physics anxiety seem to be more sensitive to teachers' 

instructional competencies that help them engage in their studies, build their confidence, and become motivated 

to acquire scientific knowledge. High anxiety towards physics, in turn, might lead to fear or pressure among 

learners, preventing them from benefiting from teachers' technical, pedagogical, and content competence. The 

high level of students' physics anxiety could affect their cognitive involvement, sensitivity to instructional 

activities, and result in decreasing the positive influence of teachers' TPACK on students' motivation in learning 

science. As argued by Putwain (2021), high academic anxiety is likely to negatively affect learners' engagement, 

confidence, and sensitivity to instructional techniques. 

The simple slopes plot and slope estimates provide additional support for how Physics Anxiety moderates the 

association between students’ perception of teachers’ Technological, Pedagogical, and Content Knowledge 

(TPACK) and motivation to learn science. The chart shows three regression lines corresponding to low, medium, 

and high levels of physics anxiety. 
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Figure 2. The Moderating Effect of Physics Anxiety on the Relationship between TPACK and Motivation to 

Learn Science 

According to the slope estimates, only students with low physics anxiety showed a statistically significant 

positive association between the two variables under investigation (Estimate = 0.1425, p = 0.003). Thus, students 

with low anxiety towards physics are more likely to feel motivated when their teachers have strong TPACK. As 

for the probability value of the low anxiety group, it was less than 0.05; hence, the null hypothesis can be rejected 

among students with low anxiety towards physics. 

Students who reported moderate levels of physics anxiety showed a positive, although statistically insignificant, 

correlation between perceived TPACK and science learning motivation (Estimate = 0.0465, p = 0.314). Students 

with high levels of physics anxiety showed a slightly negative and statistically insignificant correlation between 

TPACK and science learning motivation (Estimate = -0.0495, p = 0.454). It can be concluded from the above 

data that students with high anxiety have a slight inverse correlation between TPACK and science learning 

motivation, meaning that despite a favorable perception of their teachers, high levels of anxiety diminish the 

motivational impact that their perceived competencies have on the process of students' science learning. 

Overall, the results reveal that physics anxiety plays a crucial role in shaping the impact of perceived teachers' 

TPACK on students' motivation to learn science. The positive relationship between teachers' skills and students' 

motivation in learning is enhanced by low levels of anxiety in students but weakens at higher levels of anxiety. 

This finding indicates that psychological aspects like physics anxiety play an essential role in determining 

students' reactions to instructional activities and processes in science instruction. In conclusion, academic anxiety 

can undermine students' engagement, confidence, and responsiveness to instructional support, thereby reducing 

their motivation and participation in academic activities. 

Implications And Concluding Remarks 

Implications for Practice 

There are significant implications for science teachers, school administrators, curriculum developers, and teacher 

education institutions that have been highlighted in the findings of this study. Although the level of perceptions 

of students in their teachers’ Technological, Pedagogical, and Content Knowledge (TPACK) is at a very high 

level, the presence of high physics anxiety indicates that instructional competence is insufficient to fully develop 

and enhance the motivation of students in learning science. Teachers should therefore integrate emotional 

support instructional practices, effective pedagogy, and technology use in the classroom. Creating an emotional 

and psychologically safe environment encourages students to participate without fear of failure, be provided 

with constructive feedback, and use anxiety-reducing teaching strategies, which help students develop greater 

confidence and competence in learning physics. 
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Moreover, the positive and predictive influence of instructional representation and strategies, knowledge of 

students’ understanding, emphasizes the importance of a learner-centered instruction approach in the classroom. 

Science teachers should constantly assess the prior knowledge, misconceptions, and emotional readiness of 

students to learn, specifically in the subjects that are highly abstract in nature, such as physics. This will enable 

them to design lessons that are responsive to the cognitive and affective needs of the students. Similarly, the 

integration of technology should be implemented purposefully to ensure that the digital tools aim to enhance 

conceptual understanding rather than merely increasing technological exposure. 

Lastly, the findings underscore the important roles of school administrators in providing continuous professional 

development programs that strengthen teachers’ TPACK while equipping them with strategies for addressing 

students’ emotional well-being, particularly in physics anxiety. The teacher institutions may also incorporate 

training on anxiety-sensitive instructional approaches and socio-emotional learning into the science curriculum 

to produce educators who are competent in both instructional delivery and learner support. 

Implications for Future Research 

The findings of the study highlight several important directions and aspects for future research. Since the study 

focused on Grade 12 STEM students, future researchers may replicate the study across different educational 

levels, academic strands, subject areas, and school settings to determine whether similar relationships exist 

among diverse learner populations. Comparative studies between public and private schools or across different 

regions may also provide broader evidence regarding the influence of TPACK and physics anxiety on student 

motivation. 

Future studies may investigate additional variables that could explain students' motivation to learn science 

beyond teachers' TPACK, such as science self-efficacy, academic resilience, classroom climate, teacher-student 

relationships, parental support, learning resources, and students' prior academic achievement. Considering the 

weak overall relationship between perceived TPACK and motivation, examining these factors may provide a 

more comprehensive understanding of students' motivational development. 

Researchers are also encouraged to employ qualitative or mixed-methods approaches to gain deeper insights into 

students lived experiences of physics anxiety and how instructional practices influence their motivation. 

Longitudinal and experimental studies may further establish causal relationships and evaluate the effectiveness 

of intervention programs designed to reduce physics anxiety while enhancing science motivation through 

improved instructional practices. 

Concluding Remarks 

This study contributes to the growing body of knowledge on science education by demonstrating that teachers' 

Technological, Pedagogical, and Content Knowledge remains an essential component of effective science 

instruction, particularly in fostering specific dimensions of students' motivation to learn science. However, the 

findings also reveal that instructional competence alone cannot fully overcome the adverse effects of physics 

anxiety. The significant moderating role of physics anxiety highlights that students' emotional experiences 

substantially influence how they respond to even high-quality instruction. 

Ultimately, meaningful science learning requires a balanced integration of instructional competence and 

emotional support. Teachers who effectively combine sound pedagogical practices, appropriate technology 

integration, strong content knowledge, and sensitivity to students' emotional needs are more likely to cultivate 

motivated, confident, and engaged science learners. As science education continues to evolve in the digital age, 

addressing both the cognitive and affective dimensions of learning will remain essential in promoting students' 

academic success and lifelong interest in science. 

 

 

http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VII July 2026 
 

Page 3529 
www.rsisinternational.org 

 

  

 

 

REFERENCES 

1. Absari, N., Priyanto, P., & Muslikhin, M. (2020). The Effectiveness of Technology, Pedagogy and 

Content Knowledge (TPACK) in learning. Jurnal Pendidikan Teknologi Dan Kejuruan, 26(1), 43–51. 

https://doi.org/10.21831/jptk.v26i1.24012 

2. Agyei, E. D., Jita, L. C., & Jita, T. (2024). Technology integration in science classrooms: Empowering 

student teachers for improved physics teaching with simulations. Contemporary Mathematics and 

Science Education, 5(2), ep24009. https://doi.org/10.30935/conmaths/14688 

3. Ahmad, M., & Wilkins, S. (2024). Purposive sampling in qualitative research: a framework for the entire 

journey. Quality & Quantity, 59(2), 1461–1479. https://doi.org/10.1007/s11135-024-02022-5 

4. Almaiah, M., Alfaisal, R., Salloum, S., Al-Otaibi, S., Shishakly, R., Lutfi, A., Alrawad, M., Mulhem, A., 

Awad, A., & Al-Maroof, R. (2022). Integrating teachers’ TPACK levels and students’ learning 

motivation, technology innovativeness, and optimism in an IoT acceptance model. Electronics, 11(19), 

3197. https://doi.org/10.3390/electronics11193197 

5. Amiruddin, M. Z. B., Agustin, M., Samsudin, A., Suhandi, A., & Coştu, B. (2024). A decade of TPACK 

in science education: Trends and insights from bibliometric analysis. Journal of Pedagogical Research. 

https://doi.org/10.33902/jpr.202428419 

6. Atsuwe, B. A., & Makama, C. A. (2021). Effect of physics anxiety on academic performance of physics 

education students in Federal University of Agriculture, Makurdi, Benue State. International Journal of 

Research and Innovation in Applied Science, 6(3), 163–168. 

https://www.rsisinternational.org/journals/ijrias/DigitalLibrary/Vol.6%26Issue3/163-168.pdf  

7. Bureau, J. S., Howard, J. L., Chong, J. X. Y., & Guay, F. (2021). Pathways to Student Motivation: A 

Meta-Analysis of Antecedents of Autonomous and Controlled Motivations. Review of Educational 

Research, 92(1), 46–72. https://doi.org/10.3102/00346543211042426 

8. Capunitan, K. B., Lirado, J. D., & Gregana, C. F. (2023). Motivational factors in science learning, 

learners’ satisfaction, and learning outcomes of pre-service teachers. International Journal of Scientific 

and Management Research, 6(5), 72–115. https://doi.org/10.37502/IJSMR.2023.6504 

9. Celik, I. (2022b). Towards Intelligent-TPACK: An empirical study on teachers’ professional knowledge 

to ethically integrate artificial intelligence (AI)-based tools into education. Computers in Human 

Behavior, 138, 107468. https://doi.org/10.1016/j.chb.2022.107468 

10. Ceylan, E., & Kesici, A. E. (2022). The effects of learner-centered teaching approaches on students’ 

motivation and attitudes toward science learning. International Journal of Psychology and Educational 

Studies, 9(2), 456–468. 

11. Chai, C. S., Koh, J. H. L., & Tsai, C.-C. (2020). A review of the quantitative measures of teachers’ 

technological pedagogical content knowledge (TPACK). Australasian Journal of Educational 

Technology, 36(1), 1–25. 

12. Chan, Y. L., & Che Hassan, N. C. (2017). Students' motivation towards science learning and students' 

science achievement. International Journal of Academic Research in Progressive Education and 

Development, 6(4), 174–189. https://doi.org/10.6007/IJARPED/v6-i4/3716 

13. Chew, K. H. (2024). Descriptive Reviews About Design Basics (v1.0.0). Zenodo. 

https://doi.org/10.5281/zenodo.10662655 

14. Cioffi, A., Galano, S., Passeggia, R., & Testa, I. (2024). Validation of two test anxiety scales for physics 

undergraduate courses through confirmatory factor analysis and Rasch analysis. Physical Review Physics 

Education Research, 20(1). https://doi.org/10.1103/physrevphyseducres.20.010126 

15. Deci, E. L., & Ryan, R. M. (1985). Intrinsic Motivation and Self-Determination in human behavior. 

https://doi.org/10.1007/978-1-4899-2271-7 

16. Derlina, D., Amalia, P., Lubis, R. H., & Mihardi, S. (2024). The effect of a TPACK‑based differentiated 

inquiry learning model on motivation and physics problem‑solving ability. In Proceedings of the 9th 

Annual International Seminar on Transformative Education and Educational Leadership (AISTEEL 

2024). EAI. https://doi.org/10.4108/eai.24‑9‑2024.2353275 

17. Diseth, Å. (2025). Motivation and learning strategies among students in upper secondary education: 

grade level differences and academic outcomes. Frontiers in Education, 10. 

https://doi.org/10.3389/feduc.2025.1679954 

http://www.rsisinternational.org/
https://doi.org/10.21831/jptk.v26i1.24012
https://doi.org/10.30935/conmaths/14688
https://doi.org/10.1007/s11135-024-02022-5
https://doi.org/10.3390/electronics11193197
https://doi.org/10.33902/jpr.202428419
https://www.rsisinternational.org/journals/ijrias/DigitalLibrary/Vol.6%26Issue3/163-168.pdf
https://doi.org/10.3102/00346543211042426
https://doi.org/10.37502/IJSMR.2023.6504
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.6007/IJARPED/v6-i4/3716
https://doi.org/10.5281/zenodo.10662655
https://doi.org/10.1103/physrevphyseducres.20.010126
https://doi.org/10.1007/978-1-4899-2271-7
https://doi.org/10.3389/feduc.2025.1679954


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VII July 2026 
 

Page 3530 
www.rsisinternational.org 

 

  

 

 

18. Dong, D. (2025b). Self-determination theory perspectives on the influence of digital learning engagement 

on motivation in extracurricular learning activities: Considering the mediating role of digital self-

efficacy. Learning and Motivation, 90, 102135. https://doi.org/10.1016/j.lmot.2025.102135 

19. Elahi, K., Bano, S., Qureshi, A., & Mehmood, A. (2025). Motivation of Students toward Learning 

Science at Secondary School Level in Pakistan. Journal for Social Science Archives, 3(1), 1260–1268. 

https://doi.org/10.59075/jssa.v3i1.200 

20. England, B. J., Brigati, J. R., Schussler, E. E., & Chen, M. M. (2019). Student anxiety and perception of 

difficulty impact performance and persistence in introductory biology courses. CBE—Life Sciences 

Education, 18(2), ar21. https://doi.org/10.1187/cbe.17-12-0284 

21. Fauth, B., Decristan, J., Rieser, S., Klieme, E., & Büttner, G. (2019). Student ratings of teaching quality 

in primary school: Dimensions and prediction of student outcomes. Learning and Instruction, 29, 1–9. 

https://doi.org/10.1016/j.learninstruc.2013.07.001 

22. Gacayan, J. B. (2025b). Teachers’ Technological Pedagogical and Content Knowledge (TPACK) 

Competence and Technology Integration Self-Efficacy Beliefs for Science Teaching. Journal of 

Interdisciplinary Perspectives, 3(7). https://doi.org/10.69569/jip.2025.323 

23. Hayes, A. F. (2018). Introduction to mediation, moderation, and conditional process analysis: A 

regression-based approach. Psychological Methods, 23(2), 112–120. 

https://doi.org/10.1177/1529100619878168 

24. Hermoso, J. S. (2025). Strategies and Challenges in Teaching Physics: The anxiety levels and academic 

performance of physics learners. AIDE Interdisciplinary Research Journal, 12, 59–96. 

https://doi.org/10.56648/aide-irj.v12i1.187 

25. Herwanto, A., Wati, U. A., Senen, A., Nurhayati, N., & Marwan, M. (2024). Application of TPACK for 

Student Learning Motivation in science Subjects in Elementary School. Mimbar Sekolah Dasar, 11(2), 

455–473. https://doi.org/10.53400/mimbar-sd.v11i2.71840 

26. Jang, S.‑J., & Tsai, M.‑F. (2013). Exploring the TPACK of Taiwanese secondary school science teachers 

using a new contextualized TPACK model. Australasian Journal of Educational Technology, 29(4), 566–

580. https://doi.org/10.14742/ajet.282 

27. Kamata, N., Koul, R., Tanitteerapan, T., & Srisupawong, Y. (2025). Teacher-student relationships, 

classroom anxiety, and physics identity of high school students. Eurasia Journal of Mathematics Science 

and Technology Education, 21(7), em2657. https://doi.org/10.29333/ejmste/16559 

28. Kaya, H., & Yildirim, A. (2021). The relationship between physics anxiety, mathematics anxiety, and 

academic achievement among secondary school students. International Journal of Science Education, 

43(9), 1452–1468. 

29. Krishan, I. Q., & Al-Rsa’i, M. S. (2022). The Effect of Technology-Oriented Differentiated Instruction 

on Motivation to learn Science. International Journal of Instruction, 16(1), 961–982. 

https://doi.org/10.29333/iji.2023.16153a 

30. Kwarikunda, D., Schiefele, U., Ssenyonga, J., & Muwonge, C. M. (2020). The Relationship between 

Motivation for, and Interest in, Learning Physics among Lower Secondary School Students in Uganda. 

African Journal of Research in Mathematics Science and Technology Education, 24(3), 435–446. 

https://doi.org/10.1080/18117295.2020.1841961 

31. Limbaga, F. M., & Borlio, J. G. (2025). Science attitude and science anxiety on the academic performance 

of Grade 10 learners. International Journal of Research and Innovation in Social Science, IX(IIIS), 4114–

4124. https://doi.org/10.47772/ijriss.2025.903sedu0289 

32. Liou, P., Jang, J., & Myoung, E. (2024). Synergistic effects of students’ mathematics and science 

motivational beliefs on achievement, and their determinants. International Journal of STEM Education, 

11(1). https://doi.org/10.1186/s40594-024-00509-z 

33. Liu, S., & Mutlu, A. K. (2025). Innovative approaches to professional development: Exploring the 

interplay between Technological Pedagogical Content Knowledge (TPACK), teachers’ motivation, 

engagement, and teachers’ professional development. Porta Linguarum Revista Interuniversitaria De 

Didáctica De Las Lenguas Extranjeras, XIII, 409–427. https://doi.org/10.30827/portalin.vixiii.32430 

34. Loderer, K., Pekrun, R., & Lester, J. C. (2018). Beyond cold technology: A systematic review and meta-

analysis on emotions in technology-based learning environments. Learning and Instruction, 70, 101162. 

https://doi.org/10.1016/j.learninstruc.2018.08.002 

http://www.rsisinternational.org/
https://doi.org/10.1016/j.lmot.2025.102135
https://doi.org/10.59075/jssa.v3i1.200
https://doi.org/10.1187/cbe.17-12-0284
https://doi.org/10.1016/j.learninstruc.2013.07.001
https://doi.org/10.69569/jip.2025.323
https://doi.org/10.1177/1529100619878168
https://doi.org/10.56648/aide-irj.v12i1.187
https://doi.org/10.53400/mimbar-sd.v11i2.71840
https://doi.org/10.14742/ajet.282
https://doi.org/10.29333/ejmste/16559
https://doi.org/10.29333/iji.2023.16153a
https://doi.org/10.1080/18117295.2020.1841961
https://doi.org/10.47772/ijriss.2025.903sedu0289
https://doi.org/10.1186/s40594-024-00509-z
https://doi.org/10.30827/portalin.vixiii.32430
https://doi.org/10.1016/j.learninstruc.2018.08.002


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VII July 2026 
 

Page 3531 
www.rsisinternational.org 

 

  

 

 

35. Luo, Z., & Luo, W. (2022). Discrete achievement emotions as mediators between achievement goals and 

academic engagement of Singapore students. Educational Psychology, 42(6), 749–766. 

https://doi.org/10.1080/01443410.2022.2048795 

36. Ma, R. (2025). Application of the TPACK framework and IMMS scale in music education: An analysis 

of learning motivation based on field teaching experiments. Frontiers in Art Research, 7(5), 73–79. 

https://doi.org/10.25236/FAR.2025.070511 

37. Malespina, A., Seifollahi, F., & Singh, C. (2025). Bioscience students in physics courses with higher test 

anxiety have lower grades on High-Stakes assessments, and women report more test anxiety than men. 

arXiv (Cornell University). https://doi.org/10.48550/arxiv.2505.05669 

38. Mallow, D. (1981). Science anxiety: Fear of science and how to overcome it. New York: Van Nostrand 

Reinhold. 

39. Mallow, J. V. (1981). Science anxiety: Fear of science and how to overcome it. The Clearing House, 

55(1), 32–34. 

40. Mansour, N., Said, Z., Çevik, M., & Abu-Tineh, A. (2024). Science and Mathematics Teachers’ 

Integration of TPACK in STEM subjects in Qatar: A Structural equation Modeling study. Education 

Sciences, 14(10), 1138. https://doi.org/10.3390/educsci14101138 

41. Mendez, M. J. R., Nacional, A., Quilos, D. J., & Salva, L. H. M. (2023). Home environmental factors 

and science anxiety affecting academic performance of pre‑service science teachers. SEAQIS Journal of 

Science Education, 3(1), Article 70. https://doi.org/10.58249/sjse.v3i01.70 

42. Miksza, P., Shaw, J. T., Richerme, L. K., Hash, P. M., & Hodges, D. A. (2023). Music Education 

Research. https://doi.org/10.1093/oso/9780197639757.001.0001 

43. Mindo, A. J., & Paglinawan, J. L. (2025). The Relationship between Classroom Environment and 

Learners’ Motivation in Science. International Journal of Research and Innovation in Social Science, 

VIII(XII), 1046–1052. https://doi.org/10.47772/ijriss.2024.8120088 

44. Mishra, P., & Koehler, M. J. (2006). Technological Pedagogical Content Knowledge: a framework for 

teacher knowledge. Teachers College Record the Voice of Scholarship in Education, 108(6), 1017–1054. 

https://doi.org/10.1111/j.1467-9620.2006.00684.x 

45. Mohamad, F. S. (2021). Technological Pedagogical Content Knowledge (TPACK) and the Teaching of 

Science: Determiners for Professional Development. Studies of Applied Economics, 39(1). 

https://doi.org/10.25115/eea.v39i1.4272 

46. Moroki, I., & Lahamendu, N. O. K. D. (2024). The effects of teacher’s competencies in the application 

of online teaching and learning on students’ academic stress, learning motivation, and academic 

achievement in Statistics subject. KnE Social Sciences. https://doi.org/10.18502/kss.v9i22.16728 

47. Morsanyi, K., Mammarella, I. C., Szücs, D., Tomasetto, C., Primi, C., & Maloney, E. A. (2016). Editorial: 

Mathematical and Statistics Anxiety: Educational, Social, Developmental and Cognitive Perspectives. 

Frontiers in Psychology, 7, 1083. https://doi.org/10.3389/fpsyg.2016.01083 

48. Mullis, I. V. S., Martin, M. O., Foy, P., Kelly, D. L., & Fishbein, B. (2020). TIMSS 2019 international 

results in science. TIMSS & PIRLS International Study Center. https://timssandpirls.bc.edu/timss2019/ 

49. Oktasari, D., Hediansah, D., Jumadi, J., & Warsono, W. (2020b). Instructional Technology: Teacher’s 

Initial Perception of TPACK in Physics learning. Jurnal Penelitian & Pengembangan Pendidikan Fisika, 

6(1), 131–138. https://doi.org/10.21009/1.06115 

50. Pasigon, C. (2022). Attributes Of Students Towards Problem Solving In Physics: A Step Towards 

Students’ Capacity Building. 6. https://www.researchgate.net/publication/364619226 

51. Pečiuliauskienė, P. (2023). Instructional clarity in physics lessons: Students’ motivation and self-

confidence. Cogent Education, 10(2). https://doi.org/10.1080/2331186x.2023.2236463 

52. Pekrun, R. (2006). The Control-Value Theory of Achievement Emotions: Assumptions, corollaries, and 

implications for educational research and practice. Educational Psychology Review, 18(4), 315–341. 

https://doi.org/10.1007/s10648-006-9029-9 

53. Pekrun, R. (2021). Control-value theory: A social-cognitive approach to achievement emotions. In K. R. 

Wentzel & D. B. Miele (Eds.), Handbook of motivation at school (2nd ed., pp. 161–190). Routledge. 

54. Pondang, K. A., Madulid, A., Lotilla, J., Agot, K., Rufil, G., Cabalhin, J., & Agustin, L. (2025). The 

Relationship between Learning Environment and Self- Efficacy among Senior High School Students. 

International Journal of Research and Innovation in Social Science, IX(II), 1819–1832. 

https://doi.org/10.47772/ijriss.2025.9020148 

http://www.rsisinternational.org/
https://doi.org/10.1080/01443410.2022.2048795
https://doi.org/10.25236/FAR.2025.070511
https://doi.org/10.48550/arxiv.2505.05669
https://doi.org/10.3390/educsci14101138
https://doi.org/10.58249/sjse.v3i01.70
https://doi.org/10.1093/oso/9780197639757.001.0001
https://doi.org/10.47772/ijriss.2024.8120088
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.25115/eea.v39i1.4272
https://doi.org/10.18502/kss.v9i22.16728
https://doi.org/10.3389/fpsyg.2016.01083
https://timssandpirls.bc.edu/timss2019/
https://doi.org/10.21009/1.06115
https://www.researchgate.net/publication/364619226
https://doi.org/10.1080/2331186x.2023.2236463
https://doi.org/10.1007/s10648-006-9029-9
https://doi.org/10.47772/ijriss.2025.9020148


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VII July 2026 
 

Page 3532 
www.rsisinternational.org 

 

  

 

 

55. Putranta, H., & Jumadi̇, J. (2019). Physics teacher efforts of Islamic High School in Yogyakarta to 

minimize students’ anxiety when facing the assessment of physics learning outcomes. Journal for the 

Education of Gifted Young Scientists, 7(2), 119–136. https://doi.org/10.17478/jegys.552091 

56. Putwain, D. W. (2021). Academic anxiety. In T. A. Urdan & S. A. Karabenick (Eds.), The Decade Ahead: 

Theoretical Perspectives on Motivation and Achievement (pp. 117–140). Emerald Publishing. 

57. Rezai, A., Ahmadi, R., Ashkani, P., & Hosseini, G. H. (2025). Implementing active learning approach to 

promote motivation, reduce anxiety, and shape positive attitudes: A case study of EFL learners. Acta 

Psychologica, 253, 104704. https://doi.org/10.1016/j.actpsy.2025.104704 

58. Rozgonjuk, D., Täht, K., Soobard, R., Teppo, M., & Rannikmäe, M. (2024). The S in STEM: gender 

differences in science anxiety and its relations with science test performance-related variables. 

International Journal of STEM Education, 11(1). https://doi.org/10.1186/s40594-024-00504-4 

59. Şahin, M., Çalişkan, S., & Dilek, U. (2015). Development and validation of the Physics Anxiety Rating 

Scale. International Journal of Environmental & Science Education, 10(2), 183–200. 

https://doi.org/10.12973/ijese.2015.240a 

60. Sæleset, J., & Friedrichsen, P. (2021). Pre‑service science teachers’ pedagogical content knowledge 

integration of students’ understanding in science and instructional strategies. EURASIA Journal of 

Mathematics, Science and Technology Education, 17(5), em1965. https://doi.org/10.29333/ejmste/10859 

61. Scherer, R., Siddiq, F., & Tondeur, J. (2018). The technology acceptance model (TAM): A meta-analytic 

structural equation modeling approach to explaining teachers’ adoption of digital technology in 

education. Computers & Education, 128, 13–35. https://doi.org/10.1016/j.compedu.2018.09.009 

62. Schmid, M., Brianza, E., & Petko, D. (2020). Developing a short assessment instrument for 

Technological Pedagogical Content Knowledge (TPACK.xs) and comparing the factor structure of an 

integrative and a transformative model. Computers & Education, 157, 103967. 

https://doi.org/10.1016/j.compedu.2020.103967 

63. Simón, E. J. L., Puerta, J. G., Galván Malagón, M. C., & Gijón, M. K. (2024). Influence of self‑efficacy, 

anxiety and psychological well‑being on academic engagement during university education. Education 

Sciences, 14(12), 1367. https://doi.org/10.3390/educsci14121367 

64. Sonsupap, K., Cojorn, K., & Sitti, S. (2024). The effects of Teachers’ Technological Pedagogical Content 

Knowledge (TPACK) on students’ scientific competency. Journal of Education and Learning, 13(5), 91. 

https://doi.org/10.5539/jel.v13n5p91 

65. Solis, R. J. N., & Flores, K. L. E. (2024). Students Attitudes on school climate and learning engagement 

in physics of senior high school students. Asian Journal of Education and Social Studies, 50(7), 719–

733. https://doi.org/10.9734/ajess/2024/v50i71500 

66. Soriano-Sánchez, J. G., Quijano-López, R., & Regalado, M. S. S. (2025). Methodological Strategies to 

Enhance Motivation and Academic Performance in Natural Sciences Didactics: A Systematic and Meta-

Analytic Review. Education Sciences, 15(10), 1289. https://doi.org/10.3390/educsci15101289 

67. TIMSS 2023 International Results in Mathematics and Science | IEA.nl. (n.d.). 

https://www.iea.nl/publications/timss-2023-international-report 

68. Tuan, H.‑L., Chin, C.‑C., & Shieh, S.‑H. (2005). The development of a questionnaire to measure students’ 

motivation towards science learning. International Journal of Science Education, 27(6), 639–654. 

https://doi.org/10.1080/0950069042000323737 

69. Tze, V. M. C., Parker, P., & Sukovieff, A. (2022). Control-value theory of achievement emotions and its 

relevance to school psychology. Canadian Journal of School Psychology, 37(1), 23–39. 

https://doi.org/10.1177/08295735211053962 

70. Whitcomb, K. M., Maries, A., & Singh, C. (2022). Progression in Self-Efficacy, Interest, Identity, Sense 

of Belonging, Perceived Recognition and Effectiveness of Peer Interaction of Physics Majors and 

Comparison with Non-Majors and Ph.D. Students. Research in Science Education, 53(3), 525–539. 

https://doi.org/10.1007/s11165-022-10068-4 

71. World Health Organization: WHO. (2025, September 8). Anxiety disorders. https://www.who.int/news-

room/fact-sheets/detail/anxiety-disorders 

72. Zeidan, M., & Young, D. (2024b). Enhancing Classroom Engagement: Investigating Student Motivation 

towards Learning Physics. Schrödinger Journal of Physics Education, 5(4), 150–159. 

https://doi.org/10.37251/sjpe.v5i4.1288 

http://www.rsisinternational.org/
https://doi.org/10.17478/jegys.552091
https://doi.org/10.1016/j.actpsy.2025.104704
https://doi.org/10.1186/s40594-024-00504-4
https://doi.org/10.12973/ijese.2015.240a
https://doi.org/10.29333/ejmste/10859
https://doi.org/10.1016/j.compedu.2018.09.009
https://doi.org/10.1016/j.compedu.2020.103967
https://doi.org/10.3390/educsci14121367
https://doi.org/10.5539/jel.v13n5p91
https://doi.org/10.9734/ajess/2024/v50i71500
https://doi.org/10.3390/educsci15101289
https://www.iea.nl/publications/timss-2023-international-report
https://doi.org/10.1080/0950069042000323737
https://doi.org/10.1177/08295735211053962
https://doi.org/10.1007/s11165-022-10068-4
https://doi.org/10.37251/sjpe.v5i4.1288


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume X Issue VII July 2026 
 

Page 3533 
www.rsisinternational.org 

 

  

 

 

73. Zhang, F., & Bae, C. L. (2020). Motivational factors that influence student science achievement: a 

systematic literature review of TIMSS studies. International Journal of Science Education, 42(17), 2921–

2944. https://doi.org/10.1080/09500693.2020.1843083 

74. Zhang, K., & He, W. (2024). Perceived school climate support moderates the relationship between 

teachers’ growth mindset and work engagement. Education Sciences, 14(12), 1283. 

https://doi.org/10.3390/educsci14121283 

 

http://www.rsisinternational.org/
https://doi.org/10.1080/09500693.2020.1843083

