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Abstract. This study examined the pathways through which digital literacy, ICT integration, and digital competence influence student performance among junior high school teachers in the digital age. Grounded in the Technology Acceptance Model (TAM) and Cognitive Learning Theory, the research employed a quantitative, correlational design using Structural Equation Modeling (SEM) to test both direct and indirect relationships among the study variables. A total of 200 junior high school teachers from selected public schools participated in the study using validated self-assessment instruments. The findings revealed that digital literacy significantly predicts both ICT integration and digital competence, which in turn positively influence student performance. Furthermore, both ICT integration and digital competence were found to mediate the relationship between digital literacy and student performance, highlighting the importance of fostering advanced digital capabilities beyond basic technical skills. The structural model showed excellent fit indices (CFI = 1.00; RMSEA = .000), supporting the robustness of the hypothesized framework. These results underscore the need for sustained, pedagogy-aligned professional development programs that strengthen digital literacy and foster meaningful ICT integration to improve teaching effectiveness and student achievement. The study offers significant implications for teacher education, digital policy development, and institutional capacity building in the context of 21st-century learning.
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1. Introduction

	In the 21st-century educational landscape, the integration of digital technologies has become an indispensable component of effective teaching and learning. The rapid advancement of information and communication technology (ICT) has transformed not only how information is accessed but also how knowledge is created, shared, and applied in classroom settings. For educators, particularly at the junior high school level, the ability to navigate digital platforms and incorporate them meaningfully into pedagogy has emerged as a vital skill set. However, while digital tools are increasingly present in schools, the question remains: do they actually translate to improved student outcomes?
The COVID-19 pandemic accelerated the need for digital transformation in education, pushing educators to shift rapidly to online and blended modalities. This shift highlighted the central role of teachers' digital literacy, ICT integration, and digital competence in maintaining instructional continuity and effectiveness. As the educational system moves toward post-pandemic recovery, the need to examine the impact of these digital constructs on student performance becomes even more critical. Yet, despite widespread technology adoption, disparities in teacher preparedness and digital implementation remain. Hence, identifying the pathways through which digital literacy influences student performance—both directly and through mediators such as ICT integration and digital competence—can provide valuable insights for capacity-building and policy formulation.
Digital Literacy
Digital literacy has become an essential competency in the modern information age, increasingly recognized as vital across various sectors of society, including education. First conceptualized by Paul Gilster in 1997 as the ability to use and create content on digital platforms, digital literacy encompasses a range of skills necessary for navigating, evaluating, and utilizing information in digital formats (Aini, 2023). This multifaceted ability has evolved alongside technological advancements, adapting to meet the demands of different contexts and societal changes.
The widening scope of digital literacy considers various skills, such as information literacy, media literacy, and the capability to critically assess and create content in a digital environment (Fakhrudin & Haryanto, 2023; Ding et al., 2023). As identified by Yang (2023), digital literacy integrates competencies like image literacy, information management, and socio-emotional literacy, which reflect the nexus of technical proficiency and cognitive skills required in contemporary learning and working environments. This broadening definition underscores that digital literacy is not merely about technical know-how but also includes critical thinking and ethical considerations when engaging with digital information (Julien et al., 2022).
In education, the efficacy of digital literacy programs significantly contributes to students' overall learning experiences. The benefits of digital literacy extend to developing critical skills that are essential for the 21st century, where students must confront and resolve complex challenges (Munisa et al., 2024)Sari et al., 2022). For instance, Munisa et al. advocate for incorporating local wisdom into digital literacy strategies to enhance inclusive education, presenting a context-sensitive approach to cultivating these essential skills (Munisa et al., 2024). Furthermore, digital literacy has been linked to better academic outcomes, as evidenced by research indicating that increased engagement with digital resources leads to improved educational quality and student performance (Fakhrudin & Haryanto, 2023; Mega et al., 2022).

Digital Competence
	Digital competence has become an essential aspect of education in the digital era, influencing both teaching and learning processes across various fields. The importance of developing digital competence among educators is particularly significant, as it enhances their teaching methods and equips students with crucial skills necessary for navigating contemporary societal challenges.
According to Litiņa and Svētiņa (2023), the integration of digital tools in health professional education is vital for enhancing students' confidence in accessing relevant clinical evidence, highlighting the necessity for educators to develop these competencies. Furthermore, Santos et al. (2021) emphasize that training programs aimed at improving teachers' digital competencies should align with current technological advancements and pedagogical methodologies to adequately prepare educators for a digitalized teaching landscape.
Research indicates that teacher training programs significantly contribute to the development of digital competence among educators. Institutions must create supportive infrastructures that enable staff to enhance their digital skills, endorsing the notion that a reflective practice can facilitate a deeper understanding among student teachers regarding the pedagogical implications of digital tools (Peters et al., 2022). Similarly, Momdjian et al. (2024) found that embedding digital tools within curricula and promoting hands-on experiences can foster a culture of collaborative learning that enhances digital fluency.
The impact of digital competence extends beyond individual educators; it has systemic implications for the educational sector as a whole. The pandemic underscored the necessity for effective digital competencies, with many institutions facing significant challenges in adapting to remote teaching environments. This scenario brought attention to discrepancies in digital competence levels among educators, as evidenced by the findings of Hossain et al. (2023), who pointed out a gender divide in digital competence among university students, necessitating tailored training and awareness programs. Additionally, Wang et al. (2021) illustrate how digital competence is associated with students' psychological well-being during periods of increased reliance on digital platforms, emphasizing that educators' digital skills can directly influence student outcomes in times of crisis.
Ongoing assessment of digital competency is crucial for maintaining effective educational practices. It involves not only curriculum evaluation but also employing tools that measure educators' self-assessed competencies, as discussed by Ovcharuk and Ivaniuk (2021), who suggest a need for continuous professional development to close the digital competence gap. This cycle of assessment and training ensures that educators remain proficient in digital literacy and can foster similar competencies among their students, paving the way for a digitally competent workforce (Moreira-Chóez et al., 2023).

ICT Integration
	The integration of Information and Communication Technology (ICT) in education has emerged as a significant driver of pedagogical innovation and improvement in learning outcomes. Teachers' self-efficacy and their perceptions play a crucial role in this process. As highlighted by Akram et al. (Akram et al., 2022), teachers’ confidence in using technology significantly influences their capacity to enhance students' learning outcomes. This claim is further supported by Nunes et al. (Nunes et al., 2022), who identified internal factors, such as a teacher’s perceived value of ICT for students' education, as critical determinants of successful ICT implementation in classrooms. Furthermore, Badran et al. Badran et al. (2021) argue that the introduction of ICT should be gradual rather than revolutionary, suggesting that a supportive and evolving framework for ICT integration is necessary for a successful transition.
To effectively integrate ICT into educational practices, comprehensive training for teachers is essential. Siminto et al. Siminto et al. (2024) emphasize that sustainable, customized training programs are imperative to address the dynamic nature of technological advancements and teachers' varying levels of understanding regarding ICT. This viewpoint is echoed in the research by Luvanda et al. (Luvanda et al., 2021), who assert that leadership plays a vital role in providing the necessary infrastructure and support for teachers, further closing the gap in teachers’ technological skills. The emphasis on continuous professional development aligns with the UNESCO ICT Competency Framework, which suggests a structured approach to teacher training that progresses from understanding technology to deepening knowledge and ultimately achieving high standards in ICT integration (Trinh et al., 2024).
The challenges educators face in the practical application of ICT are complex and multifaceted. Factors such as limited access to ICT facilities, inadequate training, and varying teacher competencies contribute to these challenges (Ngodu et al., 2024). Moreover, the experience during the COVID-19 pandemic has underscored the importance of robust ICT integration, as many institutions were forced to rapidly adopt online learning solutions, revealing both potential and pitfalls of digital education (Körtesi et al., 2022). For instance, the findings from Ercan Ercan (2021) indicate that while teachers may have positive attitudes towards ICT use, they often struggle with effective implementation due to various logistical and pedagogical constraints.
Equitable access to ICT and its effective use are fundamental for addressing educational disparities. The insights from Kumar Kumar (2023) highlight how ICT can enhance educational effectiveness and narrow gaps, especially in contexts of varying resource availability. Addressing issues related to infrastructure, teacher training, and ongoing support systems is crucial. According to Adarkwah (Adarkwah, 2020), government initiatives aimed at integrating ICT into education must confront existing barriers to ensure all students benefit from technological advancements, which is a critical aspect in realizing the Sustainable Development Goal Four (SDG 4) on ensuring inclusive and equitable quality education.

Theoretical Framework
	This study is grounded in two complementary theories: the Technology Acceptance Model (TAM) by Davis (1989) and Cognitive Learning Theory by Bruner (1960). The TAM posits that the perceived usefulness and ease of use of technology influence an individual’s decision to adopt it. In the context of education, this model helps explain how teachers’ digital literacy affects their willingness and ability to integrate ICT into instruction.
Cognitive Learning Theory, on the other hand, emphasizes the active role of learners in constructing knowledge through meaningful experiences. The digital competence of teachers plays a crucial role in shaping these experiences, particularly in the design and implementation of technology-enhanced learning environments. When educators integrate digital tools with purpose and pedagogical alignment, they create cognitively engaging experiences that support student achievement.
By integrating these theoretical lenses, the study proposes a structural model wherein digital literacy serves as the exogenous variable, influencing ICT integration and digital competence as mediators, which in turn affect student performance as the endogenous outcome. This framework allows for a comprehensive understanding of both direct and indirect relationships among the variables, providing empirical evidence on how teacher-level digital capabilities translate into student success in the digital age.
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Figure 1. Hypothesized Model of the Study

Research Questions
This study seeks to examine the pathways through which digital literacy, ICT integration, and digital competence among junior high school teachers influence student performance. Specifically, it aims to address the following research questions:
1. What is the level of digital literacy, ICT integration, digital competence and student performance?
2. How does digital literacy influence ICT integration, digital competence and student outcomes?
3. How do ICT integration and digital competence influence student performance?
4. Does ICT integration mediate the relationship between digital literacy and student performance?
5. Does digital competence mediate the relationship between digital literacy and student performance?

Hypotheses
Based on the research questions and the conceptual framework of the study, the following hypotheses are proposed:
H1: Digital literacy significantly influences ICT integration among junior high school teachers.
H2: Digital literacy significantly influences digital competence among junior high school teachers.
H3: Digital literacy significantly influences student performance.
H4: ICT integration significantly influences student performance.
H5: Digital competence significantly influences student performance.
H6: ICT integration mediates the relationship between digital literacy and student performance.
H7: Digital competence mediates the relationship between digital literacy and student performance.
2. Methodology

Research Design
This study employed a quantitative, correlational research design using Structural Equation Modeling (SEM) to examine the pathways linking digital literacy, ICT integration, and digital competence to student performance. SEM was selected for its strength in analyzing complex relationships among latent variables and testing both direct and indirect effects in a single comprehensive model.

Participants and Sampling
The participants in this study were junior high school teachers from selected public secondary schools. Using purposive sampling, the study targeted teachers with at least one year of teaching experience and exposure to digital tools in instructional settings. A total of 200 teachers participated in the survey, which ensured adequate statistical power for SEM (Kline (2016). 

Instruments
	Digital Literacy Confidence Scale, adapted from the “Being Digital: Digital Literacy Checklist” by The Open University and modified by Yazon et al. (2019). The scale comprises items grouped into four subdomains: understanding digital practices, finding information, using information, and creating information. Respondents rate their confidence on a 4-point Likert scale ranging from 1 (Not Confident) to 4 (Very Confident), with higher scores indicating greater digital literacy confidence. The scale has demonstrated high internal consistency, with a reported Cronbach’s alpha of 0.89.
Digital Competence Scale, based on the Self-Assessment Tool from the European Digital Competence Framework for Educators (DigCompEdu) and adapted by Yazon et al. (2019). The scale includes items across six domains: professional engagement, digital resources, teaching and learning, assessment of learning, empowering learners, and facilitating learners’ digital competence. Participants respond using a 5-point Likert scale from 1 (Never) to 5 (Always), reflecting how frequently they engage in the described digital teaching practices. The scale has shown excellent internal consistency, with a Cronbach’s alpha of 0.92.
ICT Integration Scale, adapted from the work of Ghavifekr and Rosdy (2015) and revised by Tayaban (2022). This instrument measures teachers’ perceptions and experiences of ICT use in teaching and learning. It includes three subscales: teachers’ perception of ICT in teaching, effectiveness of ICT integration for student learning, and effective elements in ICT integration. Items are rated on a reverse-coded 4-point Likert scale ranging from 1 (Strongly Agree) to 4 (Strongly Disagree), with lower scores indicating stronger agreement with positive ICT-related statements. The scale has demonstrated good reliability, with a Cronbach’s alpha of 0.88.
Student Performance was measured using teachers’ self-reported evaluations of their students’ academic progress and engagement in ICT-supported learning environments. This construct reflects perceptions of learning effectiveness, participation, and achievement in the context of technology-integrated instruction.

Data Collection Procedure
Prior to data collection, approval and formal permission to conduct the study was secured from the Department of Education Division Office and the respective school principals where the participants were teaching. Before answering the questionnaire, all participants were provided with a clear informed consent form detailing the purpose of the study, their rights as respondents, and the voluntary nature of their participation. They were assured that their responses would remain confidential and would be used strictly for academic purposes. Participants were also informed that they could withdraw from the study at any point without any negative consequences.
Survey questionnaires were distributed electronically through google forms and professional group chats to accommodate accessibility and ensure convenience for the participants. Regular follow-ups and reminders were sent to encourage participation and timely submission. Once completed, the responses were securely stored and prepared for data analysis.

Data Analysis
Data were analyzed using SPSS and AMOS version 24. Descriptive statistics (mean, standard deviation, skewness, and kurtosis) were used to assess the distribution and central tendencies of variables. The assumptions of multivariate normality and linearity were checked prior to SEM analysis.
The hypothesized model was tested using SEM with maximum likelihood estimation. Model fit was evaluated using multiple indices, including Chi-square (χ²) and degrees of freedom (df), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), Thresholds for good fit were based on the guidelines by Kline (2016).
Indirect effects were tested using bootstrapping (2,000 samples) with 95% confidence intervals to determine the mediating roles of ICT Integration and Digital Competence in the relationship between Digital Literacy and Student Performance.
3. Results and Discussion

	This chapter presents the results and interpretation of the data gathered in accordance with the research questions of this study. The presentation and discussion of findings are organized based on the order of the research questions to provide a clear understanding of the relationships among the variables within the proposed structural equation model.




Problem 1. What is the level of digital literacy, ICT integration, and digital competence among junior high school teachers?

The descriptive statistics summarized in Table 1 offer critical insights into teachers’ self-assessed levels of digital literacy, digital competence, and ICT integration, along with their perceptions of student performance (SP). These metrics help establish a foundational understanding of digital readiness among educators—an essential factor in today’s technology-enhanced educational landscape.

Table 1
Descriptive statistics of the study variables.
	Variables
	Mean
	SD
	Skewness
	Kurtosis

	CI
	3.00
	.553
	-.325
	-.242

	UI
	2.95
	.502
	.071
	-.393

	FI
	2.97
	.544
	-.172
	-.330

	UD
	3.01
	.514
	-.188
	-.560

	PE
	3.02
	.571
	-.234
	.126

	DR
	3.04
	.583
	-.091
	-.210

	TL
	3.04
	.553
	-.079
	-.093

	AL
	3.02
	.573
	-.037
	.007

	EL
	3.01
	.567
	-.351
	.238

	FL
	3.02
	.582
	-.157
	-.006

	TIT
	3.01
	.540
	-.386
	.036

	EIS
	3.01
	.566
	-.338
	-.072

	EIT
	2.98
	.574
	-.271
	-.273

	SP
	3.07
	1.324
	-.090
	-1.06


Note: Standard Deviation (SD), Understanding Digital Practices (UD), Finding Information (FI), Using Information (UI), Creating Information (CI), Professional Engagement (PE), Digital Resources (DR), Teaching and Learning (TL), Assessment of Learning (AL), Empowering Learners (EL), Facilitating Learner’s Digital Competence (FL), Teacher’s perception of ICT in Teaching (TIT), Effectiveness of ICT integration for student’s learning (EIS), Effective elements in ICT integration in teaching and learning (EIT)

Overall, the mean values across all variables reflect moderate to moderately high digital competencies, with scores ranging between 2.95 and 3.07. Notably, Student Performance (SP) had the highest mean (M = 3.07), suggesting that educators perceive their students as achieving reasonably well in digital environments. This finding is consistent with prior literature, which links teachers’ positive self-perceptions to enhanced student achievement outcomes (Erstad et al., 2021).
Among the subscales, Digital Resources (DR = 3.04) and Teaching and Learning (TL = 3.04) emerged as strengths within the Digital Competence domain. These results align with Reixach et al. (2022), who emphasized the critical role of resource availability and effective instructional design in promoting digital competence in educational settings. On the other hand, the lowest mean was found in Using Information (UI = 2.95) under the Digital Literacy construct. This indicates a possible gap in teachers’ abilities to evaluate and apply digital content critically—a finding that supports Almenara et al. (2021), who advocate for targeted professional development to address deficits in information handling skills.
The standard deviation values for most variables remain low (between 0.502 and 0.583), indicating relative consistency among teacher responses. However, the higher standard deviation for SP (SD = 1.324) suggests more substantial variation in perceived student outcomes. This discrepancy may stem from differing classroom environments, student capabilities, and varying degrees of ICT integration among teachers (Zhao et al., 2021; Wang et al., 2021).
All skewness values fall within the acceptable range of -0.5 to +0.5, indicating approximately symmetric distributions and suggesting the absence of extreme biases in teachers’ self-ratings. The slightly negative skew observed in Professional Engagement (PE = -0.234) may reflect a tendency toward higher self-ratings in this area, which could point to an encouraging professional outlook among teachers (Zhao et al., 2021). Additionally, kurtosis values fall within the acceptable range (±1), supporting the mesokurtic (normal) nature of distributions, which is favorable for parametric analyses such as Structural Equation Modeling (Bayraktar & Tomczyk, 2021; Salman et al., 2020).
These findings highlight a generally positive digital readiness among educators, with specific strengths in digital resource use and instructional practices. However, the relatively lower ratings in Using Information and the high variability in perceived student performance call for strategic interventions. Professional development programs should focus on enhancing teachers’ digital literacy, especially in information evaluation, while simultaneously examining classroom-level factors influencing student performance disparities (Almenara et al., 2021; Wang et al., 2021). Such evidence-based interventions will ensure that both teacher capabilities and student outcomes are uplifted within digitally integrated learning environments.

Structural Model and Fit Indices

Table 2
The results of model fit Indices.
	Model Fit Indices
	Suggested Threshold
	Final Model
	Interpretation

	X2
	-
	59.096
	-

	df
	-
	73
	-

	X2/df
	≤ 3.0
	.810
	Good fit

	p-value
	> 0.05
	.880
	Good fit

	GFI
	≥ 0.90
	.961
	Good fit

	NFI
	≥ 0.90
	.984
	Good fit

	CFI
	≥ 0.90
	1.00
	Good fit

	IFI
	≥ 0.90
	1.00
	Good fit

	TLI
	≥ 0.90
	1.00
	Good fit

	RMSEA
	≤ 0.05
	.000
	Good fit

	SRMR
	≤ 0.08
	.022
	Good fit


Source: Kline (2016)

Table 2 presents the model fit indices for the final Structural Equation Model (SEM), indicating an excellent overall model fit. The Chi-square value (χ² = 59.096, df = 73) was not significant, as evidenced by a high p-value of .880, which supports the null hypothesis that the model fits the observed data well. The relative chi-square ratio (χ²/df = 0.810) falls well below the suggested threshold of 3.0, further affirming a strong fit. In terms of absolute fit indices, the Root Mean Square Error of Approximation (RMSEA) is reported at .000, signifying a perfect model fit, while the Standardized Root Mean Square Residual (SRMR) value of .022 also indicates a very good fit, being well below the cutoff of .08.
The incremental fit indices further reinforce the robustness of the model. The Goodness-of-Fit Index (GFI) was .961, and the Normed Fit Index (NFI) was .984, both exceeding the acceptable threshold of .90. Additionally, the Comparative Fit Index (CFI), Incremental Fit Index (IFI), and Tucker-Lewis Index (TLI) all reached the ideal value of 1.00, suggesting that the final model performs significantly better than the null model. Taken together, these results provide compelling evidence that the final structural model accurately represents the data, validating the hypothesized relationships among the study’s variables. 
The combined results from all model fit indices (χ²/df, RMSEA, SRMR, GFI, NFI, CFI, IFI, and TLI) strongly support the validity of the final SEM. The fit values fall within the most stringent thresholds, suggesting that the proposed structural model provides a highly accurate representation of the observed data.	These findings validate the theoretical relationships specified in the model, enabling meaningful interpretation of the paths and constructs examined in the study. Researchers and practitioners can be confident in using this model for further analysis or practical application, especially in understanding digital literacy, competence, ICT integration, and their impact on student performance.
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Figure 2. Final Model of the study
Problem 2. How does digital literacy influence ICT integration, digital competence and student outcomes?

Table 3
Direct effects of digital literacy.
	Path
	β coefficient
	SE
	p-value
	Decision

	DL → ICT_I
	.875
	.073
	<.001*
	Accept H1

	DL → DC
	.876
	.078
	<.001*
	Accept H2

	DL → SP
	.326
	.404
	.017*
	Accept H3


Note: * significant at p < .05 level; Standard Error (SE), Digital Literacy (DL), ICT Integration (ICT_I), Digital Competence (DC), Student Performance (SP)

	Table 3 presents the direct effects of Digital Literacy (DL) on ICT Integration (ICT_I), Digital Competence (DC), and Student Performance (SP), revealing statistically significant and positive relationships across all three pathways. The strongest direct effect was found between Digital Literacy and Digital Competence (β = .876, p < .001), followed closely by the relationship between Digital Literacy and ICT Integration (β = .875, p < .001). These results are well supported by prior research emphasizing the foundational role of digital literacy in enhancing teachers’ professional capacities and their ability to integrate technology effectively into educational contexts. Grosseck et al. (2023) affirm that educators with higher digital literacy demonstrate greater self-efficacy in using digital tools, thereby expanding their digital competence and teaching effectiveness. Similarly, Cahyono et al. (2020) highlight that digital literacy enables educators to integrate ICT tools more meaningfully into instructional practices, resulting in enriched learning environments and greater engagement.
Moreover, the direct effect of Digital Literacy on Student Performance, though smaller in magnitude (β = .326, p = .017), remains statistically significant. This suggests that digitally literate teachers are more capable of adopting innovative and student-centered pedagogies, which in turn enhance academic outcomes. Samani et al. (2020) support this interpretation, noting that improvements in digital competencies among educators contribute to the adoption of teaching strategies that promote better learning results. Although their focus was on students' digital literacy, the implication remains clear: educator competencies in digital environments play a key role in fostering improved student achievement.
Taken together, these findings underscore the centrality of digital literacy as a driver of both teacher and student success in the modern classroom. As such, the study reinforces the need to prioritize digital literacy development in teacher training programs and professional development initiatives. Doing so will not only strengthen ICT integration and digital competence but also translate into tangible improvements in student learning outcomes, thereby contributing to the overall quality of education in an increasingly digital age (Cahyono et al., 2020; Grosseck et al., 2023; Samani et al., 2020).


Problem 3. How do ICT integration and digital competence influence student performance?

Table 4 reveals the significant direct effects of the mediators—ICT Integration (ICT_I) and Digital Competence (DC) on Student Performance (SP), supporting hypotheses H4 and H5.

Table 4
Direct effects of mediators on student performance.
	Path
	β coefficient
	SE
	p-value
	Decision

	ICT_I → SP
	.345
	.234
	<.001*
	Accept H4

	DC → SP
	.253
	.213
	.004*
	Accept H5


Note: * significant at p < .05 level; Standard Error (SE), ICT Integration (ICT_I), Digital Competence (DC), Student Performance (SP)

The effect of ICT Integration on student performance (β = .345, p < .001) is notably strong, underscoring the transformative impact of embedding digital tools in classroom instruction. This result echoes the findings of Goldhaber (2021), who emphasized that effective ICT integration fosters active engagement and enhances the quality of educational delivery. Similarly, Romero et al. (2020) argue that ICT, when integrated into teaching practices, shifts instruction from passive learning to interactive and student-centered approaches, thereby improving learning outcomes.
In addition, Digital Competence was also found to have a significant positive influence on Student Performance (β = .253, p = .004), albeit to a slightly lesser extent. This finding is supported by Kwiatkowska and Wiśniewska-Nogaj (2022), who observed that educators with strong digital skills are better equipped to design inclusive and effective tech-supported lessons that respond to varied learner needs. These skills not only enable teachers to leverage educational technologies efficiently but also promote differentiated instruction, ultimately benefiting student achievement. Furthermore, Romero et al. (2020) emphasize that teacher competence in digital environments is crucial for curating meaningful and engaging learning experiences.
Collectively, the results affirm the critical mediating role of both ICT Integration and Digital Competence in driving improved student outcomes. As Morales et al. (2024) point out, educational institutions must recognize the importance of investing in both digital infrastructure and teacher development to support student success. They also highlight how demographic and contextual factors influence digital competence levels, suggesting the need for tailored professional development programs. In sum, the evidence strongly supports the view that enhancing teachers' capacity to integrate ICT and develop digital competence is essential for cultivating dynamic, learner-centered educational environments where students are more likely to thrive academically.



Problem 4. Does ICT integration mediate the relationship between digital literacy and student performance?

Table 5 presents the results of the mediation analysis using bootstrapping, which tested the indirect effect of Digital Literacy (DL) on Student Performance (SP) through ICT Integration (ICT_I).

Table 5
Results of mediation analysis using bootstrapping.
	Indirect Effects
	Bootstrapping
	95% Confidence Interval
	p-value
	Decision

	
	Estimate
	Bootstrap SE
	Lower
	Upper
	
	

	DL → ICT_I → SP
	.429
	.097
	.278
	.668
	.001*
	Accept H6


Note: * Significant at p < 0.05 level; 2000 bootstrap resampling; Digital Literacy (DL), ICT Integration (ICT_I), Student Performance (SP)

The findings reveal a statistically significant indirect effect (β = .429, SE = .097, p = .001), with a 95% confidence interval ranging from .278 to .668, which does not include zero. This result confirms that ICT Integration significantly mediates the relationship between Digital Literacy and Student Performance, thereby supporting Hypothesis 6.
These findings align closely with prior studies emphasizing the critical mediating role of ICT Integration in translating teachers' digital competencies into improved student outcomes. Quraishi et al. (2024) and Akhyar et al. (2021) both assert that foundational digital literacy enhances educators' ability to meaningfully integrate ICT into pedagogy, thereby transforming instructional delivery. Mulyani et al. (2023) also demonstrated that the use of digital tools improves student learning outcomes, reinforcing the value of effective ICT usage as an educational catalyst. Additionally, research by Purnama et al. (2021) supports the claim that increased digital literacy—when coupled with structured ICT integration—can lead to better academic achievement across various subjects and learning contexts.
The significance of this mediation pathway is further emphasized by the work of Hidayanthi et al. (2024) and Azzahro et al. (2023), who highlight the role of digital integration in enhancing students' literacy and cognitive learning outcomes. These studies collectively validate the premise that digitally literate teachers who actively integrate ICT into their instruction contribute meaningfully to student achievement. Furthermore, Quraishi et al. (2024) emphasize that this relationship is best realized when teachers are provided with professional development that focuses not just on acquiring digital skills but on embedding them pedagogically in classroom practice.
The mediation analysis underscores the imperative for educational systems to invest in targeted teacher training programs that advance both digital literacy and practical ICT integration. As noted by Goldhaber (2021), the real benefit of digital competence emerges when educators are empowered to use technology in student-centered, instructionally effective ways. These findings highlight that enhancing digital literacy alone is not enough—it must be coupled with meaningful ICT integration strategies to maximize student performance. The synthesis of results across multiple studies strongly supports the idea that such investments are critical for driving educational success in the digital era.

5. Does digital competence mediate the relationship between digital literacy and student performance?

Table 6
Results of mediation analysis using bootstrapping.
	Indirect Effects
	Bootstrapping
	95% Confidence Interval
	p-value
	Decision

	
	Estimate
	Bootstrap SE
	Lower
	Upper
	
	

	DL → DC → SP
	.425
	.094
	.269
	.636
	.001*
	Accept H7


Note: * Significant at p < 0.05 level; 2000 bootstrap resampling; Digital Literacy (DL), Digital Competence (DC), Student Performance (SP)

The second mediation analysis detailed in Table 6 offers compelling evidence that Digital Competence (DC) significantly mediates the relationship between Digital Literacy (DL) and Student Performance (SP). The bootstrapped indirect effect was statistically significant, with an effect size of β = .425 (SE = .094, p = .001) and a 95% confidence interval ranging from .269 to .636, which does not include zero. This result confirms Hypothesis 7, indicating that teachers’ digital literacy translates into higher student performance indirectly through the development of digital competence. As emphasized in the literature, digital literacy not only enhances teachers’ conceptual understanding of digital tools but also fosters the ability to apply these tools effectively in pedagogical contexts (Akhyar et al., 2021; Rodafinos et al., 2024).
This finding is further supported by Grosseck et al. (2023), who argue that a solid foundation in digital literacy empowers educators to develop more complex digital competencies, including the strategic use of digital resources, lesson design, and learner engagement. Sang et al. (2023) also found that instructors with strong digital competence exhibit greater work engagement and instructional effectiveness, which can positively influence learning outcomes. Moreover, Rodafinos et al. (2024) emphasize that teachers with robust digital competence are more likely to implement meaningful, adaptive, and student-centered learning activities, reinforcing the pedagogical value of digital tools.
In addition, these results call attention to the critical role of professional development programs that go beyond basic digital skills. Hidayanthi et al. (2024) and Rodafinos et al. (2024) advocate for continuous training focused on higher-order competencies such as digital lesson planning, digital assessment strategies, and the promotion of digital citizenship. Such training not only enhances teacher preparedness but also directly supports students’ cognitive and academic growth. When educators are confident and competent in navigating digital environments, they are better positioned to foster these same abilities in their students, thereby creating a ripple effect that enhances overall educational outcomes.
The mediation results reinforce a pivotal insight in digital education research while digital literacy is foundational, it is through the lens of digital competence that its full educational impact is realized. This underscores the need for educational institutions and policymakers to prioritize digital competence as a core component of teacher development frameworks. By strategically fostering both DL and DC, schools can create a digitally empowered teaching force capable of significantly improving student performance in the 21st-century classroom (Rodafinos et al., 2024; Sang et al., 2023; Grosseck et al., 2023).

4. Conclusion

	This study set out to investigate the pathways through which digital literacy, ICT integration, and digital competence influence student performance among junior high school teachers in the digital age. Utilizing a structural equation modeling approach, the research confirmed that digital literacy not only has a direct effect on student performance but also exerts a significant indirect influence through the mediating roles of ICT integration and digital competence.
The findings revealed that digital literacy serves as a foundational competency for modern educators. Teachers who possess high levels of digital literacy are more likely to integrate ICT meaningfully and develop advanced digital competencies—both of which significantly enhance student learning outcomes. The strong model fit indices support the robustness of the theoretical framework grounded in the Technology Acceptance Model (TAM) and Cognitive Learning Theory. These frameworks collectively affirm that perceived digital utility and cognitive engagement are crucial in shaping educational success in the 21st century.
Furthermore, the results emphasize that digital competence and ICT integration are not peripheral skills but central elements of effective teaching practice. Their mediating effects underscore the need for teacher training programs that go beyond basic digital skills to include pedagogically sound, student-centered applications of technology. In particular, professional development should aim to bridge gaps in information evaluation, instructional design, and technology-enabled assessment—skills that directly contribute to improved student performance.

5. Recommendations

Prioritize the Development of Teacher Digital Literacy and Competence through Structured, Pedagogically-Oriented Professional Development Programs
The study strongly supports that digital literacy is the foundational pathway through which ICT integration and digital competence influence student performance. Thus, the most urgent and impactful recommendation is for the Department of Education and teacher education institutions to invest in comprehensive, pedagogically grounded training programs that build teachers’ digital capacities.
These programs should:
· Be aligned with the DigCompEdu framework to systematically develop core areas such as digital content creation, learner engagement, digital assessment, and online safety.
· Focus on practical classroom applications of ICT, not just technical skill-building.
· Include hands-on workshops, collaborative digital lesson planning, and peer mentoring.
· Be delivered continuously, rather than as one-time seminars, ensuring sustained development and reflection.
By focusing on this critical recommendation, schools can empower educators to become effective facilitators of 21st-century learning—ensuring that digital transformation in education leads to real, measurable improvements in student outcomes.
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