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ABSTRAK 

Technology integration is one of the thirteen core constructs within the Sciences, Technology, Engineering, 

Mathematics Productive Learning (STEMPL) Practices framework, playing a crucial role in supporting 

meaningful, contextual, and collaborative learning experiences. This study aims to examine the level of 

technology integration among lower secondary STEM teachers teaching Science, Basic Computer Science 

(BCS), Design and Technology (DT), and Mathematics. In addition, it investigates the relationship between the 

level of technology integration and both the subjects taught and teaching experience. A quantitative approach 

with a cross-sectional survey design was employed, involving a total of 556 teachers from the southern zone 

states of Johor, Melaka, and Negeri Sembilan, Malaysia. The sample was selected using a multistage stratified 

cluster random sampling technique, beginning at the state level, followed by district and school levels. The 

research instrument (STEMPLQ), developed based on the 13 STEMPL constructs, was validated through 

Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA), and demonstrated high reliability 

(α = .97). Findings revealed that the level of technology integration was at a moderately low level (M = 3.43, 

SD = 0.59), particularly among Mathematics and BCS teachers, as well as teachers with over 20 years of 

experience. A significant negative correlation was found between teaching experience and the level of 

technology integration. The study underscores the need for targeted training and peer mentoring to support 

effective STEMPL integration. A broader construct of technology integration, including higher-order pedagogies 

and contextual factors such as digital readiness and teacher self-efficacy, is essential for a more comprehensive 

understanding of implementation challenges. 

Keywords: technology integration, STEMPL practices, meaningful learning, More Knowledgeable Others 

INTRODUCTION 

Entering the 21st century, the fields of Science, Technology, Engineering, and Mathematics (STEM) have 

received increasing attention in national development agendas, including in Malaysia (Chua & Choong, 2020). 

The rise of STEM has accelerated economic, social, and technological activities, thereby transforming the 

employment landscape in profound ways (Ong et al., 2017). According to the World Economic Forum (2018), 

65% of primary school students today are expected to work in future careers that are yet to exist, most of which 

are likely to be STEM-related. In this context, the younger generation must be equipped with advanced 

knowledge, skills, and values in STEM to navigate increasingly complex global challenges. 

In response to these evolving demands, traditional teaching approaches have increasingly been deemed 

inadequate. There is an urgent need for innovative pedagogical practices that prioritise critical thinking, problem-

solving, and digital fluency. Recognising this need, the Ministry of Education Malaysia (MOE) introduced the 

Malaysia Education Blueprint (2013–2025) which highlights the transformation of STEM education through 

integrated and holistic strategies (MOE, 2013). As argued by Faizah and Ruhizan (2022), further assert that 

meaningful STEM learning should involve the integration of multiple disciplines within authentic, real-world 

contexts. 
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In line with this direction, the STEM Productive Learning Practices framework (STEMPL) was developed, 

encompassing thirteen core constructs to support impactful STEM teaching and learning practices. Among the 

critical elements identified is the integration of technology in STEM pedagogy. Technology integration not only 

enhances content delivery by making it more interactive and engaging but also enriches students’ learning 

experiences by providing access to authentic and contextual digital resources. In the era of the Fourth Industrial 

Revolution, digital technology serves as a catalyst for 21st-century pedagogy, making it imperative for teachers 

to develop competence in integrating technology (Sionti et al., 2018). 

Despite this, there remains a significant gap in technology integration competencies among teachers. Sionti et 

al. (2018) describe most teachers as “digital migrants” who struggle to adapt to rapidly evolving digital 

environments, while their students, often described as “digital natives”, are immersed in technology in their 

everyday lives. This imbalance presents a major challenge in the effective implementation of modern, 

technology-enhanced teaching approaches (Odell et al., 2019). This highlights the need for empirical studies to 

assess teachers’ digital integration levels and inform targeted professional development initiatives 

Although various national initiatives have been introduced, there appears to be a lack of consistency in the 

implementation of technology integration among teachers, especially STEM teachers. Local studies suggest that 

despite increasing access to technological infrastructure, the actual use of technology in teaching and learning 

remains limited and is seldom employed to support meaningful learning (Rahmat et al., 2021; Rajendram, 2022). 

This raises critical questions about whether factors such as teaching experience and subject specialisation 

influence the level of technology integration. This raises crucial questions about the influence of teacher-specific 

factors—such as subject specialisation and teaching experience on technology integration. 

From the lens of Vygotsky Social Constructivist Theory (1978), the teacher functions as a More Knowledgeable 

Other (MKO) who scaffolds student learning within the Zone of Proximal Development (ZPD). In this context, 

teachers are not merely content deliverers, but facilitators of digital learning experiences—guiding students in 

constructing knowledge through authentic technology use (Azlina et al., 2018; Daly-Smith et al., 2021). Without 

proper identification and development of teachers’ competencies, however, efforts such as NDEP and STEMPL 

risk falling short of their intended impact. 

Nonetheless, without systematic identification and enhancement of teachers’ technological integration practices, 

the implementation of the National Digital Education Policy (NDEP) is likely to face considerable challenges 

(MOE, 2023). This shortfall could undermine the effectiveness of teaching and learning processes and diminish 

the potential value of technology in enhancing student learning outcomes (Rahmat et al., 2021). With the rapid 

advancement of Artificial Intelligence (AI), it is becoming increasingly critical for teachers as MKOs, to be 

technologically literate to create learning environments that are relevant, contextual, and aligned with 

contemporary realities. 

Recent studies by Kong and Mohd Effendi (2020) and Hanifah et al. (2023) demonstrate that platforms like 

Google Classroom, Microsoft Teams, Kahoot!, Scratch, and GeoGebra have enhanced students' learning 

experiences, especially in visualising abstract concepts and promoting interactivity. However, research linking 

the use of these tools directly with STEMPL-based teaching remains limited. The role of the teacher as MKO 

empowered with both pedagogical knowledge and technological proficiency is essential in leveraging these tools 

to foster meaningful, future-ready learning. 

The successful implementation of both the NDEP and STEMPL relies heavily on teachers’ capacity to integrate 

technology meaningfully and to embody the role of MKOs. Therefore, examining the current state of technology 

integration among teachers is essential to ensure their readiness to strengthen digital learning practices and 

cultivate future-ready human capital. 

Despite various efforts, empirical studies that directly link Productive Learning Practices with the level of 

technology integration among STEM teachers in Malaysia remain limited. There exists a significant literature 

gap concerning how STEMPL is operationalised to support effective technology integration, particularly in 

subjects such as Science, BCS, DT and Mathematics (Cole et al., 2018; Kong & Mohd Effendi, 2020a; Odell et 

al., 2019). Prior research by Daly-Smith et al. (2021), Hanifah et al. (2023), and Rahmat et al. (2021) has 
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predominantly focused on infrastructure and teachers’ digital skills, with limited emphasis on student-centred 

pedagogical approaches advocated within the STEMPL framework. 

Besides policy and teacher roles, subject matter also plays a significant role in determining the level of 

technology integration in teaching and learning. Subjects such as BCS and DT inherently require the use of 

technological tools including programming software, design applications, and digital simulation tools (Kelly et 

al., 2019). In contrast, technology use in Science and Mathematics often depends on the pedagogical strategies 

employed by teachers and their ability to align technology with lesson content and objectives (Zhao et al., 2023). 

Additionally, teaching experience influences the variation in technology integration practices. While 

experienced teachers may possess robust pedagogical knowledge, they may face challenges with digital 

proficiency. Conversely, younger teachers who are more technologically adept may lack exposure to effective 

instructional strategies (Aqib et al., 2025). This creates an imbalance in the implementation of technology-

enhanced instruction, particularly in STEM subjects. 

Although multiple national efforts have aimed to strengthen technology use in education, the need for empirical 

investigation that links STEMPL with the actual level of technology integration remains pressing. There is a 

clear gap in how STEMPL is applied as a comprehensive, student-centred pedagogical framework to support 

effective digital integration in lower secondary STEM classrooms particularly in Science, BCS, DT and 

Mathematics, which are key feeder subjects into STEM education pathways. 

METHODOLOGY  

This study employed a quantitative approach with a cross-sectional survey design to assess the practice of 

technology integration among teachers. The primary research instrument used was the STEM Productive 

Learning Practices Questionnaire (STEMPLQ), which was systematically developed and demonstrated high 

validity and reliability in measuring the intended constructs. Technology integration was one of the 13 core 

elements constituting the STEMPL construct. 

Based on data obtained from the State Education Departments of the southern zone states of Peninsular Malaysia, 

comprising Negeri Sembilan, Melaka, and Johor, these states were identified as regions with relatively low 

student enrolment in STEM streams compared to the national average. The selection of these states was also 

based on considerations of administrative feasibility in terms of time and cost efficiency. The study population 

comprised 6,786 lower secondary school teachers who taught STEM subjects, namely Science, BCS, DT and 

Mathematics across the three states. 

Sample size determination was guided by the recommendations of Krejcie and Morgan (1970) and The Research 

Advisors (2006), which propose a minimum sample of 360 for a population of this size. However, Creswell 

(2018) suggests increasing the sample size by at least 10% to accommodate potential issues such as outliers and 

missing values. Accordingly, this study set a minimum sample size of 400 teachers. 

A multistage random sampling method was employed, integrating both cluster and stratified sampling techniques 

to ensure representativeness and homogeneity of the sample. Initially, cluster sampling was conducted based on 

the three selected states in the southern zone, which differ in terms of district and school distribution. 

Subsequently, schools were selected from each district. At the school level, stratified sampling was implemented 

by stratifying teachers according to gender, in alignment with the actual demographic distribution of STEM 

teachers. Respondent selection was based on a 3:7 male-to-female ratio, reflecting the actual gender composition 

of the teaching workforce. Data collection was conducted online using Google Forms, distributed through 

official school email addresses. This approach aligns with the recommendations of Couper, (2000), who 

highlighted the effectiveness of digital survey distribution in reaching respondents across a wide geographical 

area, especially for large-scale studies. 

The STEMPLQ instrument was developed through a systematic meta-analysis of 32 peer-reviewed articles 

relevant to STEM education in the Malaysian context. Its development was informed by instrument construction 

models proposed by Du Plessis and Martins (2019) and Miller and Lovler (2018). The development process 
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involved three major phases: conceptualisation, instrument construction, and validation, all guided by a 

systematically developed conceptual framework. 

The instrument consists of Section A, which gathers demographic information using nominal scales (for subject 

taught) and ordinal scales (for teaching experience). Section B contains items related to teachers’ practices in 

STEMPL, measured using an affective-domain Likert-type scale, as suggested by Coolican (2019) and Miller 

and Lovler (2018). The Likert-type scale allows for the assessment of respondents' agreement levels on each 

item, thus providing a more nuanced understanding of their STEMPL practices. 

To ensure high validity and reliability, rigorous psychometric analyses were conducted. Content validity was 

established using Fleiss’ Kappa and the Content Validity Index (CVI). The analyses indicated high index values, 

confirming expert consensus that the instrument appropriately represents the content domains relevant to 

technology integration in Malaysian STEM education (Fleiss et al., 1982; Polit et al., 2007). Construct validity 

was assessed using both Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA). EFA 

validated that the 13 theoretically developed elements aligned with the empirical dimensions of the data, while 

CFA confirmed that the measurement model fit the data adequately (CMIN/df = 2.60; RMSEA = 0.06), in 

accordance with the recommendations of Hair et al. (2019) and Kline (2005). Discriminant validity was also 

demonstrated, based on the criteria proposed by Joreskog (1971), affirming that the constructs are related but 

distinct. 

Reliability analysis was conducted to assess the internal consistency of the instrument. Cronbach’s alpha for the 

62 items in the questionnaire yielded a value of 0.97, which meets the threshold recommended by DeVellis 

(2016) for social science research instruments. 

In this study, Technology Integration Practice was identified as one of the thirteen core elements underpinning 

the STEMPL construct. Based on the results of Exploratory Factor Analysis (EFA) and Confirmatory Factor 

Analysis (CFA), four out of seven items developed for this construct met the required model fit thresholds. These 

retained items were found to validly and reliably measure the construct, in alignment with the conceptual and 

empirical dimensions of the STEMPL framework. 

As shown in Table 1, all retained items demonstrated satisfactory factor loadings (≥ 0.60), consistent with the 

threshold recommended by Collier (2020) for newly developed measurement instruments.  

Table 1: Items Under the Technology Integration Practice Element that Met the Model Fit Criteria for the 

STEMPL Framework 

Item code Item statement Factor Loading Remarks 

TI1 I utilise MS Teams / Google Classroom to 

assign tasks related to STEM topics for 

students to complete independently 

 

0.63 

Retained – meets model 

fit criteria 

TI2 I schedule online group presentations using 

applications such as Zoom, Google Meet, 

or MS Teams for STEM-related 

assignments. 

 

0.65 

Retained – meets model 

fit criteria 

TI3 I conduct online critique sessions using 

applications to develop students’ critical 

thinking on STEM assignments. 

 

0.66 

Retained – meets model 

fit criteria 

TI4 I share current STEM-related issues 

through files, videos, animations, or 

diagrams using online platforms to 

optimise student engagement. 

 

0.68 

Retained–meets model 

fit criteria 
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Although the loadings did not exceed 0.70, they were considered acceptable given the exploratory nature of the 

instrument and the novelty of the construct in the local context (Collier, 2020; Hair et al., 2019). As such, these 

items were maintained in the final measurement model, which demonstrated satisfactory overall model fit.  

For field data collection, this study employed Google Forms as the platform for distributing the online 

questionnaire, in line with recommendations from the Educational Policy Planning and Research Division 

(EPRD). This method was chosen due to its ability to reach the target population broadly and efficiently, 

particularly for studies involving respondents across multiple districts. A total of 665 responses were 

successfully obtained from 21 districts across the southern zone states. However, following a thorough data 

cleaning process to detect and remove outliers and missing values, 556 responses were validated and retained 

for subsequent analysis. 

In terms of respondent demographics, 145 teachers (26%) were male, while 411 teachers (74%) were female. 

The application of simple random sampling principles ensured that the obtained sample was sufficiently 

representative in terms of homogeneity and regional distribution, which aligns with the requirements of 

quantitative research that emphasises adequate sample size and representativeness for generalisation purposes. 

Once data collection was completed, preliminary data analysis was conducted using the Statistical Package for 

the Social Sciences (SPSS) version 26. A normality test was performed as an initial procedure to determine the 

most appropriate statistical analyses to be employed. While Coolican (2019) suggests that categorical (nominal) 

data are more suited to non-parametric testing, the normality assessment for the continuous variables in this 

study revealed that the distribution of data for the technology integration variable was normal when examined 

across teaching experience and subject taught. This conclusion was drawn based on skewness and kurtosis 

values, which indicated that the data were within acceptable ranges for parametric analysis. 

Accordingly, the study employed parametric tests, specifically the Pearson Product-Moment Correlation, to 

examine the relationships between variables. This test was selected for its ability to measure both the strength 

and direction of linear relationships between variables measured at interval and ratio levels. The test was deemed 

appropriate for the study’s objective of identifying the association between teachers’ technology integration 

practices in STEMPL and two factors: years of teaching experience and STEM subjects taught. 

FINDINGS 

The research findings are presented based on the following components: respondent demographics, the general 

norms and profile of overall STEMPL practise framework, the level of technology integration among STEM 

teachers, and the relationships between technology integration and two key factors, subjects taught and teaching 

experience. Each aspect is elaborated in detail as follows: 

Demography 

The study sample consisted of STEM teachers who taught Science, BCS, DT, and Mathematics at the lower 

secondary level. A multistage sampling technique, incorporating cluster and stratified random sampling, was 

employed to ensure representation across diverse districts in the southern zone, Malaysia. Initially, a total of 665 

responses were collected. A rigorous data cleaning process was subsequently conducted, during which 109 

responses were removed due to the presence of outliers and missing values. The final dataset consisted of 556 

valid responses, which were confirmed to meet the criteria for representativeness and homogeneity across the 

targeted districts in the southern zone. The teaching experience factor was divided into five groups, namely: 

teachers with 0 to 5 years, 6 to 10 years, 11 to 15 years, 16 to 20 years, and more than 20 years of teaching 

experience. Meanwhile, the subject taught factor was categorised into four groups, namely: Science, BCS, TD, 

and Mathematics teachers. Table 2 presents the sample analysis based on the teaching experience factor and the 

subject taught. 
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Table 2: Analysis Based on Teaching Experience and Subjects Taught Factors 

Demographic Factors Type Total Percentage  

Teaching Experience 

0-5 Year 53 9.5 

6 - 10 Year 94 16.9 

11- 15 Year 176 31.7 

16-20 Year 106 19.1 

More than 20 Year 127 22.8 

Subjects Taught 

Science 181 32.4 

BCS 54 9.7 

TD 128 22.9 

Mathematics 193 34.7 

As shown in Table 2, a total of 53 teachers (9.5%) had 0–5 years of teaching experience, while 94 teachers 

(16.9%) had 6–10 years of experience. Additionally, 176 teachers (31.7%) had 11–15 years of experience, and 

106 teachers (19.1%) had been teaching for 16–20 years. A total of 127 teachers (22.8%) had more than 20 years 

of teaching experience. 

In terms of subject taught, 181 teachers (32.4%) taught Science, 54 teachers (9.7%) taught BCS, 128 teachers 

(22.9%) taught DT, and 193 teachers (34.7%) taught Mathematics. 

Norms and Profiles of Stem Productive Learning Practice Levels 

In studies that examine the level of technology integration among teachers, it is essential to first establish the 

norms and teacher profiles for STEM Productive Learning Practices (STEMPL) before determining their level 

of technology integration. According to Miller and Lovler (2018), this approach ensures the accuracy of data 

analysis and contributes to a better understanding of the factors influencing technology integration in teaching. 

Kaplan and Saccuzzo (2018) and Coolican (2019) highlight that teacher norms and profiles serve as standard 

references for assessing overall levels of productive STEM learning practices. By establishing these norms 

beforehand, researchers can objectively determine the position of teachers’ technology integration levels within 

the broader population. Teacher profiles, including teaching experience, subject taught, and readiness to 

implement STEM play a crucial role in understanding the extent to which teachers are capable of integrating 

technology into their instructional practices. Having access to this information enables researchers to identify 

potential relationships between STEMPL practices and levels of technology integration. This also facilitates 

meaningful comparisons to determine whether technology integration is high, moderate, or low within the 

population studied. Without clearly defined norms, any interpretation of the integration level may lack precision, 

thereby complicating the analysis and discussion of research findings. 

The level of teachers’ STEMPL practices was categorised based on the mean scores obtained, following the 

normal distribution guidelines proposed by Coolican (2019) and Kline (2005). Meanwhile, the interpretation of 

each level was based on the Dreyfus Model (2004), which was adapted into six categories: Very Low (2.33 to 

2.74), Low (2.75 to 3.18), Moderately Low (3.19 to 3.58), Moderately High (3.59 to 4.01), High (4.02 to 4.43), 

and Very High (4.44 to 4.85). 
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An analysis of STEM teachers’ STEMPL practice levels was conducted based on the dimensions and elements 

investigated. The findings revealed that the Teaching Plan dimension (M = 3.54, SD = 0.43) and 21st Century 

Learning-Oriented TBCSs (M = 3.50, SD = 0.46) were categorised as moderately low. In contrast, the Higher 

Order Thinking Skills (HOTS) dimension (M = 3.69, SD = 0.41) was classified as moderately high. 

However, five out of the thirteen elements examined were found to be at a moderately low level, namely: 

Learning Objectives (M = 3.46, SD = 0.52), Assessment Methods (M = 3.36, SD = 0.50), Lesson Closure (M = 

3.44, SD = 0.51), Problem Solving (M = 3.29, SD = 0.54), and Technology Integration (M = 3.43, SD = 0.59). 

Overall, the level of teachers’ STEMPL practices was categorised as moderately high, with a total mean score 

of 3.59 (SD = 0.42). Meanwhile, the level of Technology Integration was classified as moderately low, with a 

mean score of 3.43 (SD = 0.59). A detailed analysis of the study’s findings is presented in Table 3. 

Table 3: Teacher's STEMPL Practice Level 

Dimensions / Elements Min SD Definition 

Lesson Plan 

Induction Set 

Learning Objectives 

Content Development 

Assessment Method 

Closure 

3.54 

3.77 

3.46 

3.65 

3.36 

3.44 

0.43 

0.47 

0.52 

0.49 

0.50 

0.51 

Medium Low 

Medium High 

Medium Low 

Medium High 

Medium Low 

Medium High 

HOT 

Oral Questioning 

Written Questioning 

Inductive Methods 

Deductive Method 

3.69 

3.63 

3.61 

3.72 

3.82 

0.41 

0.47 

0.47 

0.46 

0.45 

Medium High 

Medium High 

Medium High 

Medium High 

Medium High 

PAK-21 Oriented Assignments 

Knowledge Transfer 

Critical Thinking 

Problem Solving 

Technology Integration 

3.50 

3.64 

3.64 

3.29 

3.43 

0.46 

0.48 

0.48 

0.54 

0.59 

Medium Low 

Medium High 

Medium High 

Medium Low 

Medium Low 

STEM Productive Learning 3.59 0.42 Medium High 

In conclusion, these findings suggest that the use of technology in teaching has not yet been fully optimized. In 

addition, the level of Technology Integration (M = 3.43, SD = 0.59) was also lower than the mean value of the 

teacher's overall STEMPL practice, which was 3.59 (M = 3.59, SD = 0.42). 
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Level of Technology Integration Among Stem Teachers 

To address the first research question, the level of Technology Integration among STEM teachers was analysed 

based on the relevant dimensions and elements. According to the established norms, the overall level of 

technology integration among STEM teachers was categorised as moderately low, with a mean score of 3.43 (M 

= 3.43, SD = 0.59). 

Analysis based on the subject taught revealed that teachers of BCS (M = 3.39, SD = 0.66) and Mathematics (M 

= 3.23, SD = 0.63) recorded the lowest mean scores, both of which fall within the moderately low category. 

In addition, analysis by the teaching experience demographic factor indicated a declining trend in mean scores 

as teaching experience increased. Teachers with more than 20 years of experience recorded the lowest mean 

score, at M = 3.33. These findings are summarised in Table 4. 

Table 4: Levels of Technology Integration among STEM Teachers 

Demography Min SD Definition 

Subjects Taught 

Science 

BCS 

TD 

Mathematics 

 

3.55 

3.39 

3.55 

3.23 

 

0.49 

0.66 

0.53 

0.63 

 

Medium Low 

Medium Low 

Medium Low 

Medium Low 

Teaching Experience 

0-5 years 

6-10 years 

11-15 years 

16-20 years 

Over 20 years 

 

3.52 

3.53 

3.46 

3.35 

3.33 

 

0.57 

0.58 

0.58 

0.55 

0.62 

 

Medium Low 

Medium Low 

Medium Low 

Medium Low 

Medium Low 

Technology Integration 3.43 0.59 Medium Low 

There is a clear need to enhance technology training, particularly for more experienced teachers as well as those 

teaching BCS and Mathematics. Strategic measures such as intensive training, the integration of technology into 

pedagogy, and improved access to digital resources should be considered to strengthen the implementation of 

technology integration in STEM teaching. 

Relationship Between Technology Integration and the Factors of Subject Taught and Teaching 

Experience 

An analysis was conducted to examine the relationship between technology integration and the variables of 

subject taught and teaching experience. The subject taught variable was coded as nominal data (1 = Science, 2 

= Basic Computer Science [BCS], 3 = Design and Technology [DT], 4 = Mathematics), while the teaching 

experience variable was coded as ordinal data (1 = 0–5 years, 2 = 6–10 years, 3 = 11–15 years, 4 = 16–20 years, 

5 = more than 20 years). 
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According to Coolican (2019), it is recommended that the normality of such data be assessed using both 

skewness and kurtosis. Based on this evaluation, both variables were determined to be non-parametric in nature. 

This is in line with the suggestion by Nanna and Sawilowsky 1998), who emphasized that data must first be 

assessed to determine whether it meets the assumptions for parametric or non-parametric analysis, in order to 

select the most appropriate statistical test. 

To examine the relationship between technology integration and the subject taught, the Spearman’s rho test was 

employed. Meanwhile, the Kruskal–Wallis’s test was used to analyse differences in technology integration based 

on teaching experience, as this variable is an ordinal-level independent variable. 

The findings on the relationship between technology integration and the subject taught are presented in Table 5. 

Table 5: Spearman’s Rho Test for the Relationship Between Technology Integration and Subject Taught 

 Technology 

Integration 

Subjects 

Spearman's 

rho 

Technology 

Integration 

Correlation coefficient 1.000 -.194** 

Sig. (2-tailed) . .000 

N 556 556 

Subjects Correlation coefficient -.194** 1.000 

Sig. (2-tailed) .000 . 

N 556 556 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 5 presents the results of the analysis examining the relationship between technology integration and the 

subject taught. A weak but statistically significant negative correlation was found (r = –.19, p < .05). This finding 

indicates that there is a significant inverse relationship between the subject taught and the level of technology 

integration, suggesting that certain subjects are associated with lower levels of technology use in instructional 

practices. 

Subsequently, the Kruskal–Wallis’s test was conducted to examine the relationship between technology 

integration and teaching experience. The results of this analysis are summarised in Table 6. 

Table 6: Kruskal-Wallis Test  

 Teaching Experience N Mean Rank 

 

 

Technology Integration 

0-5 years (N1) 53 307.44 

6-10 years (N2) 94 306.58 

11-15 years (N3) 176 287.24 

16-20 years (N4) 106 256.72 

over 20 years (N5) 127 251.70 

 Total 556  

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XII Issue X October 2025 

Page 3724 

  

    
Kruskal-Wallis H 10.79 

df 4 

Asymp. Sig. (p) 0.03 

The Kruskal–Wallis’s test was conducted to determine whether there were significant differences in technology 

integration practices among STEM teachers based on their years of teaching experience. The analysis yielded a 

statistically significant result, with H = 10.79, p = .03. The p-value obtained is lower than the standard level of 

significance (α = .05) as recommended by Corder and Foreman (2014), indicating that the null hypothesis can 

be rejected. 

To determine the strength of the effect, effect size was calculated using eta squared (ƞ²), based on the formula 

ƞ² = H / (N – 1). The calculated eta squared value was 0.02, suggesting a small effect size, in accordance with 

the benchmarks proposed by Cohen and Swerdlik (2009). 

In summary, the Kruskal–Wallis’s test revealed that there is a statistically significant but weak relationship (H 

= 10.79, p = .03, ƞ² = 0.02) between technology integration practices and teaching experience among STEM 

teachers. This finding suggests that teaching experience has some influence, albeit limited, on the degree to 

which teachers integrate technology in STEM instruction. 

DISCUSSION 

The findings indicate that the overall level of technology integration among STEM teachers is categorised as 

moderately low, with a mean score of M = 3.43 (SD = 0.59). This suggests that the use of technology in STEM 

instruction has not yet been optimally implemented, particularly in the subjects of BCS (M = 3.39, SD = 0.66) 

and Mathematics (M = 3.23, SD = 0.63), which recorded the lowest mean scores. 

Studies by Dangi et al. (2023) and Uchima-Marin et al. (2024) have identified key barriers to technology 

integration, including a lack of targeted training, limited access to technological infrastructure, and teachers’ 

beliefs or attitudes towards the effectiveness of technology in enhancing learning. In the context of BCS and 

Mathematics, the integration of technology-enhanced learning environments, such as mathematical simulations 

and data analysis software, is crucial to promote higher-order thinking skills among students. 

Kong and Mohd Effendi (2020) emphasised that problem-based learning (PBL) supported by technology can 

significantly enhance critical thinking and problem-solving skills in STEM education. Likewise, Rehman et al. 

(2025) stressed the importance of contextualised professional development programmes tailored to teachers’ 

needs, particularly for those teaching subjects with lower levels of technology integration. These programmes 

should include hands-on training with emerging technologies, with a specific focus on BCS and Mathematics. 

Furthermore, the analysis based on the teaching experience demographic revealed a declining trend in 

technology integration as years of experience increased. Teachers with more than 20 years of experience 

recorded the lowest mean score (M = 3.33). The Kruskal–Wallis’s test confirmed a statistically significant but 

weak relationship between teaching experience and technology integration (H = 10.79, p = .03). Additionally, 

Spearman’s rho correlation showed a significant but weak negative correlation between technology integration 

and the subject taught (r = –0.19, p < .05). 

These findings are consistent with the study by Gunobgunob-Mirasol (2024), which reported that more 

experienced teachers are generally less inclined to adopt technology due to limited exposure to emerging digital 

tools. Similarly, Nurul Shahhida et al. (2020), through the Technological Pedagogical Content Knowledge 

(TPACK) model, emphasised that effective technology integration necessitates a dynamic and holistic interplay 

between content expertise, pedagogical knowledge, and technological proficiency. 

Supporting this view, Jailani and Nasri (2024) found that senior teachers tend to rely on conventional 

instructional approaches and often experience difficulties in adapting to newer technologies. Consequently, 
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ongoing support and mentoring through Professional Learning Communities (PLCs) plays a critical role in 

enabling teachers to share best practices and collaboratively address challenges. Boz (2023) highlighted that 

continuous coaching significantly improves teachers’ confidence in using technology. 

An emerging and promising strategy involves reverse-mentoring, where digitally savvy novice teachers serve as 

More Knowledgeable Others (MKO), to support senior colleagues in technology adoption (Gunobgunob-

Mirasol, 2024). Given that teachers with more than 20 years of experience demonstrated the lowest levels of 

technology integration, Wu et al. (2024) proposed that training programmes should emphasise contextual 

relevance and provide additional support mechanisms to build confidence and technological competencies 

among senior educators. 

CONCLUSION 

To advance future research and educational practice, it is imperative that the conceptualisation of technology 

integration be broadened to include higher-order digital pedagogies, such as simulation-based inquiry, 

collaborative design-based tasks, and data-driven exploration in STEM learning. These pedagogical strategies 

are not only consistent with the tenets of 21st-century education but are also fundamentally aligned with the 

learner-centred and inquiry-oriented principles embedded within the STEMPL framework. 

In addition, a more nuanced and multi-dimensional understanding of technology integration can be achieved by 

incorporating relevant contextual variables, including the level of school digital readiness, the availability and 

reliability of ICT infrastructure, institutional leadership support, and teachers’ access to sustained and context-

sensitive professional development opportunities. These variables are likely to moderate or mediate the 

effectiveness of technology integration efforts and should therefore be central considerations in both policy 

design and empirical investigation. 

The findings of this study also highlight the pivotal role of systemic stakeholders including Ministry of Education 

(MOE), District Education Offices (PPD), and school leadership teams in driving coherent and strategic 

professional development initiatives that prioritise technology enhanced pedagogies. Without a unified, top-

down and bottom-up approach, the disparities and inconsistencies in technology integration practices across 

schools may persist, thus impeding the broader educational reform agenda towards future-ready, digitally 

competent learners. 

Finally, greater attention must be given to teachers’ digital self-efficacy, pedagogical beliefs, and attitudes 

towards technology, as these internal factors significantly influence the translation of technological affordances 

into meaningful instructional practices. Addressing these psychological and behavioural dimensions can inform 

the development of more targeted, personalised, and sustainable intervention models, thereby enhance the 

fidelity of policy implementation and ensuring stronger alignment between national aspirations and classroom 

realities in Malaysian STEM education. 
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