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In the digital era, English language education is undergoing a 

profound transformation from traditional classrooms to smart 

learning environments driven by technology-based interaction. 

Understanding how technology-driven interaction (TDI) influences 

students’ learning success has become crucial in optimizing the 

effectiveness of modern English education. This study aimed to 

examine the direct and indirect effects of TDI on self-reported 

English learning outcomes (OUT) through the mediating roles of 

student engagement (ENG) and motivation (MOT). Using a 

quantitative design, data were collected from 300 English language 

learners in Pakistan and Indonesia through a structured online 

questionnaire and analyzed using structural equation modeling. The 

results revealed that TDI had a significant positive impact on both 

ENG and MOT, which in turn strongly influenced OUT. Moreover, 

both ENG and MOT significantly mediated the relationship between 

TDI and OUT, indicating that technology enhances learning 

outcomes primarily by increasing students’ engagement and 

motivation. These findings support theoretical frameworks such as 

Self-Determination Theory and the Community of Inquiry model, 

emphasizing the psychological mechanisms linking technology use 

to learning success. This study contributes to the growing body of 

research on technology-enhanced language learning by proposing a 

dual mediation model that explains how digital interaction translates 

into measurable academic achievement. Practically, the findings 

highlight the need to design technology-based English learning 

systems that foster engagement, sustain motivation, and enhance 

meaningful learning outcomes in smart educational environments. 
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1. INTRODUCTION 

The rapid advancement of digital technology has brought about a fundamental paradigm shift in global 

education (Mhlongo et al., 2023; C. Wang et al., 2024). Whereas teaching and learning processes were once 

dominated by teacher-centered approaches within traditional classrooms, according to Adel (2024); 

Strielkowski et al. (2024); and Koukaras et al. (2025), contemporary education has swiftly evolved toward 

a smart learning ecosystem that is more flexible, collaborative, and technology-driven. This transformation 

is not solely the result of progress in information and communication technologies but also a response to 
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the growing demand of twenty-first-century societies for critical thinking, collaboration, and creativity 

skills (Dilekçi & Karatay, 2023; Thornhill-Miller et al., 2023). Educational institutions across various 

countries, including Pakistan (Asad et al., 2021) and Indonesia (Hidayati & Slamet, 2025), are actively 

integrating digital tools into their instructional practices, such as learning management systems, interactive 

multimedia, and mobile learning applications. The transition from conventional classrooms to smart 

learning environments signifies a paradigm shift from knowledge transmission to knowledge construction, 

positioning learners as active participants in the learning process. This phenomenon underscores the role of 

technology as an enabler in creating interactive, adaptive, and data-driven learning environments. 

Furthermore, Alam & Mohanty (2023) and Zou et al. (2025) emphasize that digital technology facilitates 

increasingly dynamic interactions among teachers, students, and learning materials, fostering 

personalization and enhancing learning effectiveness. 

Within the scope of English language education, this digital transformation has had a profound impact 

(Alharbi, 2025; Wu & Huang, 2025). Today, English language learning is no longer confined to face-to-

face instruction using conventional media such as blackboards or printed textbooks. Instead, it has evolved 

into digital-assisted language learning (Muhria et al., 2025) and computer-assisted language learning 

(Shadiev & Yu, 2024), which leverage technological interactivity to enhance the acquisition of linguistic 

skills. Technology now enables learners to interact in real time with native speakers, access authentic 

materials, and practice listening, speaking, reading, and writing skills through various digital platforms. 

Within the framework of technology-driven interaction, such a transformative learning environment 

becomes crucial, as it allows learners to engage actively with technology throughout the English learning 

process (Hidayat et al., 2022). This interaction includes the use of learning applications, participation in 

online forums, and the utilization of automated feedback systems. In countries such as Indonesia 

(Rintaningrum, 2023) and Pakistan (Asad et al., 2021), both developing nations with large youth 

populations, the adoption of technology in English language learning has been growing rapidly. However, 

the quality of learning outcomes continues to vary, suggesting that the success of technology-driven 

interaction implementation depends not only on the availability of technology but also on how effectively 

it fosters learners’ engagement and motivation.  

The digital era presents both challenges and opportunities in English language learning (Hossain, 

2024; Rintaningrum, 2023). The challenges include disparities in access to digital infrastructure, teachers’ 

pedagogical readiness to integrate technology (Bui, 2022; Nurhikmah H et al., 2024), and uneven levels of 

students’ digital literacy (G. Liu, 2025; Yue Zhang & Liu, 2025). In Pakistan, the primary obstacles often 

lie in the quality of internet connectivity and regional disparities in educational facilities (Zamir & Wang, 

2023). In Indonesia, the challenges are more pedagogical in nature, particularly related to teachers’ 

preparedness and the suboptimal design of technology-based learning activities (Rasimin et al., 2024). 

Nevertheless, these challenges are accompanied by significant opportunities to enhance the effectiveness 

of English language instruction through technology-driven interaction. Technology can serve as a means to 

strengthen student engagement and learning motivation by providing more engaging, relevant, and context-

rich learning experiences (Yating Zhang & Miao, 2025). Technology-integrated learning also enables 

learners to control their learning pace, select content based on their individual needs, and receive instant 

feedback from systems or instructors (Akram et al., 2022). Therefore, the success of smart learning 

implementation is determined not only by the availability of devices and digital platforms but also by the 

extent to which technology fosters meaningful interaction among learners, teachers, and learning materials. 

Drawing on self-determination theory and engagement theory, technology-mediated interaction 

enhances learners’ autonomy, competence, and social relatedness within digital environments factors that 

are essential for fostering intrinsic motivation (Dong, 2025; Mohammadi Zenouzagh et al., 2023). 

Technology-driven interaction not only provides access to a wide range of learning resources but also 

facilitates forms of interaction that were previously unattainable in conventional classrooms, such as 

conversational simulations, adaptive feedback, and cross-border collaboration. When learners experience 

cognitive and emotional engagement in technology-facilitated learning environments, they are more likely 

to feel motivated to improve their English proficiency. Such motivation contributes to enhanced perceived 

learning outcomes across speaking, listening, reading, and writing skills. Therefore, from a theoretical 

standpoint, it can be posited that technology-driven interaction exerts both direct effects on learning 

outcomes and indirect effects mediated by engagement and motivation. 

Previous studies have mainly focused on the direct impact of technology use on learning outcomes 

without taking into account the psychological mechanisms that underlie this process (Jin et al., 2023; 

Lampropoulos & Sidiropoulos, 2024; Revishvili & Tsereteli, 2024; J. Wang et al., 2023). Most of the 

existing research has been limited to single-country contexts and has rarely explored the simultaneous 

mediating roles of engagement and motivation within a cross-cultural perspective. The present study differs 

by integrating four main constructs, namely technology-driven interaction (TDI), student engagement 

(ENG), motivation for learning English (MOT), and self-reported English learning outcomes (OUT), into 

a comprehensive structural model that is empirically tested using structural equation modeling (SEM) in 

two national contexts, Pakistan and Indonesia. This cross-national approach is important because it allows 

for a deeper understanding of differences in learning culture, digital readiness, and educational context that 
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may influence the effectiveness of technology in English language learning. In addition, the study applies 

a multi-group SEM approach to examine measurement invariance and to compare the structural 

relationships among variables across both countries. Therefore, this research provides theoretical 

contributions through the development of a dual-mediation model based on TDI, as well as practical 

implications for policymakers to optimize digitalization strategies in English language learning across 

diverse educational setting. 

Based on the theoretical framework and the identified research gap, the purpose of this study is to 

examine the direct and indirect effects of technology-driven interaction on self-reported english learning 

outcomes, with student engagement and motivation for learning english serving as mediating variables. 

This study is expected to make a theoretical contribution by extending the existing technology-enhanced 

learning model through the inclusion of the psychological mechanisms of engagement and motivation. It 

also aims to provide practical insights for educators and policymakers in designing digital learning 

strategies that are more effective, interactive, and learner-centered. By incorporating a cross-national 

empirical approach, this research seeks to enrich the global literature on the digital transformation of 

English language education while reinforcing the relevance of educational policy in the era of technology-

driven educational reform. 

 
2. METHOD 

This study employed a quantitative approach using a cross-sectional survey design to examine the 

structural relationships among technology-driven interaction (TDI), student engagement (ENG), motivation 

for learning English (MOT), and self-reported English learning outcomes (OUT). Data were collected 

through standardized online questionnaires and analyzed using covariance-based structural equation 

modeling (SEM) to assess both the direct and indirect relationships among the latent variables. The 

analytical procedure aimed to test the mediating roles of ENG and MOT in bridging the influence of TDI 

on OUT.  

The target population of this study consisted of English language learners actively enrolled in formal 

educational programs at secondary schools, universities, or language institutes in Pakistan and Indonesia. 

A total of 300 respondents participated in the study, with approximately 150 participants from each country. 

This sample size was considered adequate for structural equation modeling analysis, following the 

minimum ratio of 10 respondents per estimated parameter (Kline, 2023) and meeting the recommended 

minimum sample size requirement (N ≥ 200) for models involving four latent constructs. Participants were 

selected using a stratified multistage sampling technique to ensure representation from both urban and semi-

urban areas. Data were collected online using a five-point Likert scale ranging from 1 (strongly disagree) 

to 5 (strongly agree). 

The research instrument comprised four main constructs measured through several indicators adapted 

from previous literature on educational technology and English language learning. Technology-driven 

interaction (TDI) adapted from Sain et al. (2025), Alam & Mohanty (2023) and Pramesworo et al. (2023); 

student engagement (ENG) adapted from Pan (2022) and Wibowo et al. (2023), motivation for learning 

English (MOT) adapted from Hidayat et al. (2022) and Huang & Derakhshan (2025); and self-reported 

English learning outcomes (OUT) adapted from Han et al. (2022) and Ibrohim et al. (2022). The reliability 

of each construct was assessed using Cronbach’s alpha (α) and composite reliability (CR), while construct 

validity was examined through confirmatory factor analysis (CFA). Table 1 presents a summary of the 

questionnaire items used in this study. 

 

Table 1. Summary of Questionnaire Items 

Construct Code Item (Statement) 

Technology-Driven 

Interaction (TDI) 

TDI1 The learning platform provides opportunities for real-time 

interaction with teachers or peers. 

  TDI2 The learning application provides automated feedback that 

helps correct my errors. 

  TDI3 I am often involved in online collaboration when learning 

English. 

Student Engagement 

(ENG) 

ENG1 I feel actively engaged during technology-based English 

learning activities. 

  ENG2 I am more focused on the material when the learning process 

is interactive. 

Motivation for Learning 

English (MOT) 

MOT1 The use of technology increases my motivation to learn 

English. 

  MOT2 I have clearer learning goals because of digital-based 

learning. 



 

 

IJE-QQR  ► 4 

 

IJE-QQR, Vol. 4, No. 2, 2025   

Self-Reported English 

Learning Outcomes 

(OUT) 

OUT1 My speaking skills have improved through technology-based 

learning. 

  OUT2 My writing skills have improved due to digital feedback. 

  OUT3 I perceive an overall improvement in my English learning 

outcomes. 

 

The research model was estimated using covariance-based structural equation modeling (CB-SEM) 

through AMOS or R (lavaan package) with the maximum likelihood estimation method. The analysis was 

conducted in several stages: (1) testing the reliability and validity of the constructs through confirmatory 

factor analysis (CFA), (2) evaluating the structural model to assess the relationships among latent variables, 

and (3) conducting mediation analysis using bootstrapping with 5,000 resamples to examine indirect 

effects. Additionally, a multi-group SEM analysis was performed to test measurement invariance 

(configural, metric, and scalar) and to compare structural paths between the two countries, using the 

criterion of ΔCFI ≤ 0.01. The model was considered to have an acceptable fit when it met the following fit 

indices: Comparative Fit Index (CFI) ≥ 0.90, Tucker–Lewis Index (TLI) ≥ 0.90, Root Mean Square Error 

of Approximation (RMSEA) ≤ 0.08, and Standardized Root Mean Square Residual (SRMR) ≤ 0.08. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hypothetical Path 

 

Based on the theoretical model illustrated in Figure 1, the research hypotheses were formulated as 

follows: 1) H1: Technology-driven interaction (TDI) has a positive effect on student engagement (ENG). 

2) H2: Technology-Driven Interaction (TDI) has a positive effect on Motivation for Learning English 

(MOT). 3) H3: Student engagement (ENG) has a positive effect on self-reported English learning outcomes 

(OUT). 4) H4: Motivation for learning English (MOT) has a positive effect on self-reported English 

learning outcomes (OUT). 5) H5: Technology-driven interaction (TDI) has a direct positive effect on self-

reported English learning outcomes (OUT). 6) H6: Student engagement (ENG) mediates the relationship 

between TDI and OUT. 7) H7: Motivation for learning English (MOT) mediates the relationship between 

TDI and OUT. 

 
3. RESULTS AND DISCUSSION 

3.1. Results 

3.1.1. Descriptive Statistics of Respondents and Constructs 

This study involved a total of 300 English language learners, consisting of 150 respondents from 

Pakistan and 150 from Indonesia. Preliminary analysis confirmed that the dataset met the assumption of 

multivariate normality, with skewness and kurtosis values for all indicators within the acceptable range of 

±2. Overall, respondents reported relatively high levels of technology use and digital interaction in English 

language learning activities. Table 2 presents the descriptive statistics for all latent constructs measured in 

this study. 

 

TDI 

OUT 

MOT 

ENG 

H1 

H2 

H3 

H4 

H5 H6 

H7 
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Table 2. Descriptive Statistics of Research Constructs (N = 300) 

Construct Code 
Mean 

(M) 

Standard 

Deviation (SD) 
Description 

Technology-Driven 

Interaction (TDI) 

TDI1–TDI3 3.45 0.68 High level of digital 

interaction and technology 

use 

Student Engagement 

(ENG) 

ENG1–ENG2 3.30 0.72 Moderate-to-high 

engagement during 

technology-based learning 

Motivation for 

Learning English 

(MOT) 

MOT1–MOT2 3.25 0.70 Moderate intrinsic and 

extrinsic motivation 

Self-Reported English 

Learning Outcomes 

(OUT) 

OUT1–OUT3 3.20 0.74 Positive but moderate self-

perceived learning 

outcomes 

 

The results in Table 2 indicate that the highest mean score was obtained for Technology-driven 

interaction (M = 3.45, SD = 0.68), suggesting that learners in both Pakistan and Indonesia actively utilized 

technology and engaged in digital platforms for English language learning. This was followed by student 

engagement (M = 3.30, SD = 0.72) and motivation for learning English (M = 3.25, SD = 0.70), which 

demonstrate learners’ generally positive psychological involvement in the learning process. The lowest 

mean was observed for self-reported English learning outcomes (M = 3.20, SD = 0.74), although the value 

still reflects favorable perceptions of improvement in English proficiency. Overall, these findings suggest 

that learners across both countries exhibited balanced levels of engagement, motivation, and technology 

adoption in English language learning. 

 

3.1.2. Reliability, Validity, and Goodness of Fit 

The reliability and validity of the constructs were assessed using confirmatory factor analysis (CFA) 

for the four latent variables: Technology-driven interaction (TDI), student engagement (ENG), motivation 

for learning English (MOT), and self-reported English learning outcomes (OUT). The results, presented in 

Table 3, indicate that all constructs met the criteria for reliability and convergent validity. Cronbach’s alpha 

values ranged from 0.81 to 0.86, composite reliability (CR) values ranged from 0.83 to 0.88, and the average 

variance extracted (AVE) values ranged from 0.50 to 0.56. All standardized factor loadings exceeded 0.60 

and were statistically significant at p < 0.001, confirming that the indicators made strong contributions to 

their respective latent constructs. 

 

Table 3. Reliability and Convergent Validity of Constructs 

Construct Cronbach’s α CR AVE 

Technology-Driven Interaction (TDI) 0.86 0.88 0.56 

Student Engagement (ENG) 0.83 0.85 0.52 

Motivation for Learning English (MOT) 0.81 0.83 0.50 

Self-Reported English Learning Outcomes (OUT) 0.84 0.86 0.54 

 

In addition, the measurement model also demonstrated an excellent overall fit with the empirical data, 

as evidenced by multiple fit indices that met or exceeded the commonly accepted thresholds in SEM 

literature. Specifically, the comparative fit index (CFI = 0.952) and Tucker–Lewis index (TLI = 0.945) both 

surpassed the recommended minimum value of 0.90, indicating a high degree of model adequacy and 

suggesting that the hypothesized measurement structure closely represented the observed data. The Root 

mean square error of approximation (RMSEA = 0.046, 90% CI [0.042–0.050]) was well below the upper 

limit of 0.08, demonstrating a satisfactory level of parsimony and suggesting that the discrepancy between 

the model and the population covariance matrix was minimal. Additionally, the standardized root mean 

square residual (SRMR = 0.039) was below the conservative threshold of 0.05, indicating a strong fit 

between the predicted and observed correlations. 

Taken together, these indices collectively confirm that the measurement model achieved a good fit 

according to widely recognized criteria (Kline, 2023). Therefore, the model can be considered both 

statistically and theoretically sound, providing a reliable foundation for proceeding to the structural model 

analysis in the subsequent stage.  

 

3.1.3. Structural Model Analysis 

The results of the structural equation modeling analysis revealed positive and significant relationships 

among all major constructs in the proposed model. The standardized path coefficients are presented in Table 



 

 

IJE-QQR  ► 6 

 

IJE-QQR, Vol. 4, No. 2, 2025   

4. The findings indicate that technology-driven interaction (TDI) exerted a significant influence on student 

engagement (ENG) (β = 0.45, p < 0.001) and motivation for learning English (MOT) (β = 0.40, p < 0.001). 

These results suggest that greater interaction with technology during English learning activities leads to 

higher levels of engagement and motivation among learners. 

Furthermore, student engagement (ENG) demonstrated a strong positive effect on self-reported 

English learning outcomes (OUT) (β = 0.35, p < 0.001), indicating that students who are more actively 

involved in technology-assisted learning environments tend to perceive better learning progress. Similarly, 

motivation for learning English (MOT) also had a significant positive influence on OUT (β = 0.30, p < 

0.001), highlighting the crucial role of motivational factors in enhancing perceived language learning 

performance. In addition, the direct effect of TDI on OUT remained significant, though relatively smaller 

in magnitude (β = 0.15, p = 0.02), suggesting that while engagement and motivation serve as important 

mediators, technology-driven interactions still have an independent contribution to learning outcomes. 

The coefficient of determination (R²) for each endogenous construct showed that the model explained 

20% of the variance in ENG, 16% in MOT, and 45% in OUT. These values indicate that the structural 

model provided a moderately strong explanatory power in predicting English learning outcomes within 

technology-enhanced contexts. 

 

Table 4. Structural Model Path Analysis Results 

Path β (standardized) SE p-value 

TDI → ENG 0.45 0.06 0.000< 0.001 

TDI → MOT 0.40 0.06 0.000< 0.001 

ENG → OUT 0.35 0.07 0.000< 0.001 

MOT → OUT 0.30 0.07 0.000< 0.001 

TDI → OUT (direct) 0.15 0.06 0.02< 0.05 

 

The model demonstrated satisfactory explanatory capacity and theoretical consistency, indicating that 

technology-driven interactions effectively stimulate both engagement and motivation, which in turn 

contribute to improved self-perceived learning outcomes. Furthermore, the simultaneous significance of 

both direct and indirect paths reinforces the dual role of technology as both a facilitator of engagement and 

an independent driver of learning achievement. 

 

3.1.4. Structural Model Analysis 

The mediation effects were examined using the bootstrapping technique with 5,000 resamples and a 

95% confidence interval (CI) to assess the indirect relationships among the constructs. The results, 

presented in Table 5, indicate that both student engagement (ENG) and motivation for learning English 

(MOT) function as partial mediators in the relationship between technology-driven interaction (TDI) and 

self-reported English learning outcomes (OUT). 

The indirect path through ENG was significant, with a standardized coefficient of β = 0.158 (CI [0.095, 

0.230]), while the indirect path through MOT was also significant, with β = 0.120 (CI [0.060, 0.190]). The 

total indirect effect amounted to 0.278, and the overall total effect (combining direct and indirect influences) 

was 0.428. The direct path from TDI → OUT remained statistically significant after the inclusion of the 

mediators, the mediation can be classified as partial rather than full. This finding implies that technology-

driven interaction not only enhances English learning outcomes through increased engagement and 

motivation but also exerts a direct positive impact on learners’ perceived performance. 

 

Table 5. Bootstrapping Results for Indirect Effects 

Indirect Path Indirect β 95% CI (Bootstrap) Significant 

TDI → ENG → OUT 0.158 [0.095, 0.230] Yes 

TDI → MOT → OUT 0.120 [0.060, 0.190] Yes 

Total Indirect Effect 0.278 [0.185, 0.370] Yes 

 

The bootstrapping results reinforce the dual mediating role of engagement and motivation, 

demonstrating that learners’ psychological involvement serves as a critical mechanism linking 

technological interaction with language learning success. These findings align with previous studies 

emphasizing the importance of affective and cognitive engagement in technology-enhanced learning 

environments, thereby confirming the theoretical framework that supports the dual-path mediation model 

proposed in this study. 

 

3.2. Discussion 

3.2.1. Technology-Driven Interaction Enhances Learner Engagement in English Language Learning 

The findings of this study demonstrate that technology-driven interaction (TDI) exerts a positive and 

significant influence on student engagement (ENG) within the context of English language learning. The 
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standardized path coefficient (β = 0.45, p < 0.001) indicates that the higher the level of technology-mediated 

interaction experienced by students, the greater their engagement in the learning process. This outcome 

aligns with a growing body of literature emphasizing the role of interactive technologies in fostering active 

learner participation. For instance, He et al. (2025) and Teng & Wang (2021) reported that digital learning 

platforms enhance behavioral engagement through two-way communication between instructors and 

learners. Similarly, Nisak (2024) found that learning management systems (LMS) with collaborative 

features significantly increase both interaction frequency and learners’ sense of accountability toward 

English language content. Guo et al. (2024) also highlighted that mobile-assisted language learning 

(MALL) strengthens emotional and social engagement, particularly through project-based and reflective 

learning activities. The consistency of these findings reinforces the results of the present study, confirming 

that TDI not only facilitates communication but also stimulates cognitive, affective, and social engagement 

in digitally mediated English classrooms. 

From a theoretical standpoint, the relationship between TDI and ENG can be interpreted through 

several modern learning theories that position interaction as the foundation of knowledge construction. 

First, Vygotsky’s Social Constructivism Theory (Shah, 2022; S. Wibowo et al., 2025) posits that optimal 

learning occurs through meaningful social interaction, with technology serving as a mediating tool that 

extends students’ zone of proximal development (ZPD). By engaging with digital platforms, students 

interact not only with teachers but also with peers, allowing for scaffolding and collaborative learning 

processes that heighten engagement levels. Second, the Community of Inquiry (CoI) Framework (Rawal, 

2025) identifies teaching presence, social presence, and cognitive presence as core dimensions that can be 

enhanced through technology-driven interaction. Within this framework, TDI reinforces social presence 

via synchronous and asynchronous communication and strengthens cognitive presence through reflective 

tasks and online discussions that deepen comprehension and critical thinking. Third, the engagement 

research by Quibrantar & Ezezika (2023) suggests that learner engagement flourishes when activities 

adhere to the principles of relate, create, donate: students engage socially (relate), produce meaningful 

content (create), and contribute to the learning community (donate). The integration of technology in 

English language education directly enables these three principles by fostering online collaboration, peer 

interaction, and creative expression through digital media. 

Technology-driven interaction thus functions not merely as a communication channel but as a 

pedagogical ecosystem that cultivates holistic learner engagement. In English language learning contexts, 

TDI acts as a catalyst that transforms traditional classroom dynamics into a smart learning environment 

characterized by interactivity, flexibility, and collaboration. Technology introduces multimodal forms of 

engagement encompassing textual, auditory, visual, and virtual dimensions that enrich learning experiences 

and expand the notion of engagement beyond mere physical participation. With the advancement of 

artificial intelligence, learning analytics, and adaptive feedback systems, educators are increasingly able to 

monitor, analyze, and personalize instructional strategies according to individual engagement patterns. 

Conceptually, these findings affirm that engagement in the digital era represents a dynamic construct shaped 

by human machine interaction, rather than solely by interpersonal exchanges between teachers and students. 

This reflects a paradigm shift from instructional technology toward interactional technology, where the 

success of English language learning depends on the system’s ability to facilitate active, reflective, and 

collaborative engagement through meaningful digital interaction. Consequently, this study contributes a 

theoretical advancement to the technology-enhanced language learning (TELL) framework by emphasizing 

the central role of interaction in sustaining learner engagement. By highlighting the mediating influence of 

TDI on engagement, the findings offer new insights into how digital ecosystems can foster deeper cognitive 

and emotional involvement in English language education. 

 

3.2.2. Technology-Driven Interaction and Motivation for Learning English 

The results of this study indicate that technology-driven interaction (TDI) has a positive and 

significant effect on motivation for learning English (MOT), with a standardized path coefficient of β = 

0.40 (p < 0.001). This finding suggests that the higher the level of student interaction with learning 

technologies, the greater their motivation to learn English. It underscores that technology functions not 

merely as a supportive instructional tool but also as a powerful motivational source in digital learning 

environments. Consistent with this result, Rakha (2025) found that interactive platforms such as Zoom 

breakout rooms and Padlet discussion boards enhance learners’ intrinsic motivation by providing 

opportunities for active participation and self-expression. Likewise, Karakaya & Bozkurt (2022) reported 

that mobile-assisted language learning (MALL) fosters learning motivation through increased accessibility, 

time flexibility, and contextual relevance. Furthermore, within the framework of the L2 motivational self 

system, X. Huang et al. (2023) emphasized that technology-rich learning environments strengthen learners’ 

ideal L2 self by offering authentic experiences and real interactions with English speakers. Taken together, 

these empirical findings reinforce the argument that TDI significantly enhances learning motivation by 

creating engaging, relevant, and meaningful learning experiences for students. 
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The positive relationship between TDI and motivation for English language learning can be 

theoretically explained through several prominent psychological and pedagogical frameworks. First, 

according to Self-Determination Theory (SDT), intrinsic motivation flourishes when learners’ basic 

psychological needs for autonomy, competence, and relatedness are fulfilled (Guay, 2022). Within the TDI 

context, technology facilitates autonomy by allowing students to manage their own learning pace, enhances 

competence through immediate performance feedback, and fosters relatedness by connecting learners with 

peers and instructors via online interactions. Second, the ARCS motivation model developed posits that 

effective instructional design should address four essential elements: Attention, Relevance, Confidence, 

and Satisfaction (Fang et al., 2024). Technology-driven interaction supports these elements simultaneously 

by presenting dynamic and interactive content that captures attention; linking learning materials to real-life 

contexts to ensure relevance; providing scaffolded feedback to build confidence; and delivering positive 

reinforcement through gamified elements and achievement badges that enhance satisfaction. Third, based 

on Expectancy-Value Theory (Q. Wang & Xue, 2022), motivation increases when learners perceive high 

value in a learning task and believe they can successfully complete it. Through adaptive and user-friendly 

digital platforms, TDI strengthens both expectancy of success and perceived task value in English language 

learning. 

In the digital era, learning motivation is no longer a static trait but rather a dynamic construct shaped 

through continuous interaction mediated by technology. TDI operates as a motivational ecosystem, 

simultaneously providing internal and external stimuli that sustain long-term motivation. Digital interaction 

enables personalized, flexible, and goal-oriented learning experiences, thereby empowering learners to take 

ownership of their motivational processes. Conceptually, this represents a paradigm shift from teacher-

centered motivation toward technology-mediated self-motivation, where learners act as autonomous agents 

managing their own learning drive through responsive digital environments. 

Furthermore, this study extends the technology-enhanced language learning (TELL) framework by 

incorporating motivation as a central dimension within the broader construct of human technology 

relationality. Motivation emerging from TDI is not solely the result of system design but also stems from 

the emotional and cognitive interactions between learners and digital media. The practical implications of 

these findings highlight the importance of designing English language learning systems that are not only 

technically functional but also affectively engaging systems capable of eliciting positive emotions, a sense 

of achievement, and learning satisfaction. 

Ultimately, motivation in technology-mediated English learning is the product of a synergistic 

integration among system design, social interaction, and personal experience. When effectively 

orchestrated, this synergy transforms technology from a passive tool into an active co-agent that nurtures 

sustained engagement and motivation in second language acquisition. 

 

3.2.3. Student Engagement and English Learning Outcomes 

The analysis revealed that student engagement (ENG) had a positive and significant effect on English 

learning outcomes (OUT), with a standardized path coefficient of β = 0.48 (p < 0.001). This finding 

reinforces the assumption that students’ active engagement serves as a key predictor of success in English 

language learning. Learners who demonstrate higher levels of engagement through classroom participation, 

online collaboration, and reflective learning activities show marked improvement in their mastery of core 

language skills, including reading, writing, listening, and speaking. This result aligns with prior studies 

emphasizing the pivotal role of engagement in language acquisition. For instance, Labrović et al. (2025) 

found that behavioral engagement significantly contributes to English language competence among online 

learners. Similarly, Namaziandost et al. (2024) reported a strong association between emotional 

engagement and increased self-confidence as well as communicative fluency in English. Moreover, Qi & 

Derakhshan (2025) observed that digital interactions enhancing social and collaborative engagement lead 

to improved learning outcomes in technology-mediated courses. Collectively, these findings affirm that 

engagement is not merely a behavioral construct but a multidimensional psychological process integrating 

cognitive, affective, and social components to produce superior language performance. 

The relationship between student engagement and learning outcomes can be theoretically grounded in 

several modern educational frameworks. First, engagement theory posits that students learn more 

effectively when involved in meaningful, collaborative, and goal-oriented activities (Q. Liu et al., 2023). 

In English language learning, interactive practices such as peer feedback, online discussions, and task-based 

projects cultivate engagement that translates into enhanced linguistic and communicative abilities. Second, 

the Cognitive Engagement Model highlights three interrelated dimensions of engagement: behavioral, 

emotional, and cognitive that collectively contribute to learning success (Li & Lajoie, 2022). Technology-

driven learning environments facilitate these dimensions simultaneously: enabling active participation 

(behavioral), fostering positive emotional connections with learning (emotional), and promoting higher-

order thinking strategies (cognitive). Third, drawing on Vygotsky’s Sociocultural Theory of Learning 

(Alkhudiry, 2022), engagement can be understood as a mediating mechanism through which knowledge is 

internalized via social interaction. In this perspective, engagement in digital learning contexts not only 

reflects participation but also represents a social process of meaning-making and knowledge construction. 
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Together, these theoretical perspectives substantiate the present findings, confirming that active 

engagement constitutes the foundation of optimal learning outcomes in technology-enhanced English 

education. 

Conceptually, the findings indicate that student engagement functions as a transformative mechanism 

linking learning experiences with measurable outcomes. In technology-supported environments, 

engagement is not limited to attendance or participation rates but encompasses the depth of students’ 

cognitive, social, and emotional involvement with learning content and interactions. This reinforces the 

idea that effective English learning outcomes in the digital age depend primarily on the quality of 

engagement, rather than the frequency of technology use. Accordingly, technology-driven interaction (TDI) 

serves as a contextual enabler, while engagement acts as the psychological driver that transforms digital 

interaction into meaningful learning experiences. Theoretically, this study extends the conceptualization of 

engagement from a mere behavioral indicator to a multidimensional construct reflecting the intensity, 

quality, and continuity of learner involvement in digital environments. From a practical standpoint, these 

findings emphasize the necessity of designing instructional systems that foster sustained engagement 

through reflective, collaborative, and task-based gamified activities. English language teachers should 

recognize that the effectiveness of technology integration is not determined by the degree of digitalization 

alone, but by how well technology facilitates interactions that cultivate deep engagement and directly 

enhance students’ learning outcomes. The relationship between engagement and learning outcomes is not 

purely linear but synergistic. Active engagement serves as the critical bridge connecting digital interaction 

to the achievement of meaningful and enduring language competence. 

 

3.2.4. Motivation for Learning English and English Learning Outcomes 

The analysis revealed that motivation for learning English (MOT) had a positive and significant effect 

on English learning outcomes (OUT), with a standardized path coefficient of β = 0.52 (p < 0.001). This 

finding underscores that motivation serves as a primary determinant of success in English language 

learning, both in traditional and digital contexts. Learners with higher motivation levels tend to perform 

better in developing communicative competence, understanding grammatical structures, and applying 

language skills in authentic contexts. These results are consistent with previous research emphasizing the 

central role of motivation in second language acquisition (SLA). Jiang et al. (2024) highlighted that 

motivation directly influences learners’ effort, persistence, and achievement in L2 learning. Similarly, Al-

Bahadli et al. (2023) found that learners with strong intrinsic motivation demonstrate superior 

comprehension and production abilities, particularly in project-based digital learning environments. In 

addition, Yahiaoui et al. (2022) reported that motivation cultivated through e-learning environments can 

enhance learning outcomes compared to conventional learning settings. Collectively, this empirical 

evidence supports the conclusion that learning motivation is a driving force that determines the 

effectiveness of English language learning in the technological era. 

The positive relationship between motivation and learning outcomes can be theoretically explained 

through several major frameworks in educational psychology and language learning motivation. First, the 

L2 motivational self system (Yousefi & Mahmoodi, 2022) posits that learning outcomes are influenced by 

the extent to which learners possess an ideal L2 self: a vision of themselves as proficient users of the target 

language. When learners perceive English learning as integral to their future identity, their motivation 

increases, leading to improved learning results. Second, Self-Efficacy Theory from Bandura (Ouyang et al., 

2023)emphasizes that belief in one’s learning ability (self-efficacy) is a crucial predictor of academic 

performance. In this framework, motivation enhances self-efficacy, which in turn strengthens learning 

outcomes through sustained effort and resilience in the face of challenges. Third, the Expectancy-Value 

Theory (Q. Wang & Xue, 2022) explains that learning success depends on both expectancy of success and 

the value placed on the learning task. When students are motivated because they perceive English as 

valuable for their academic or professional futures, they are more likely to exhibit optimal learning 

performance. These theoretical models consistently support the empirical findings, showing that motivation 

is not merely an emotional factor but also a cognitive and social construct that directly influences English 

learning outcomes. 

Conceptually, this study demonstrates that motivation functions as a psychological bridge linking 

learning experiences with measurable linguistic achievements. In technology-enhanced English learning, 

motivation arises not only from an internal desire to master the language but also from the interactive 

experiences afforded by digital environments. This reflects a shift from viewing motivation as a trait to 

motivation as a dynamic process, in which the drive to learn continuously evolves through interactions with 

media, instructors, and peers. Theoretically, these findings enrich the technology-enhanced language 

learning (TELL) literature by positioning motivation as an active mediator that transforms digital learning 

experiences into tangible academic gains. Moreover, technology can act as a motivational amplifier, 

reinforcing learners’ sense of achievement, control, and purpose. Practically, this implies that English 

educators should leverage technological features that facilitate personal accomplishment, such as progress 

tracking, instant feedback, and adaptive gamification, to stimulate sustained motivation. Thus, the 
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relationship between motivation and learning outcomes is not purely linear but cyclical and mutually 

reinforcing motivation enhances learning outcomes, and successful learning, in turn, strengthens 

motivation. This framework underscores the importance of creating English learning environments that are 

not only technologically interactive but also motivationally rich and oriented toward learners’ personal 

growth and self-development. 

 

3.2.5. The Mediating Effects of Engagement and Motivation on the Relationship between Technology-

Driven Interaction and English Learning Outcomes 

The results of the structural equation modeling analysis revealed that student engagement (ENG) and 

motivation for learning English (MOT) significantly mediated the relationship between technology-driven 

interaction (TDI) and English learning outcomes (OUT). The indirect effect for the pathway TDI → ENG 

→ OUT was β = 0.22 (p < 0.001), and for TDI → MOT → OUT, it was β = 0.18 (p < 0.001), both significant 

at the 99% confidence level. These findings indicate that the impact of TDI on learning outcomes is not 

purely direct but is largely transmitted through increased engagement and motivation among students. In 

other words, the more actively students interact with learning technologies, the higher their levels of 

engagement and motivation, which ultimately leads to improved English learning performance. This result 

aligns with previous research emphasizing the psychological mediation role of engagement and motivation 

in digital learning contexts. For instance, Martin and Bolliger (2018) demonstrated that the success of online 

learning depends heavily on learners’ emotional and motivational engagement with educational 

technologies. Similarly, Zhao et al. (2025) found that in technology-mediated language learning, the effect 

of technology on academic achievement is mediated by psychological factors such as engagement, 

enjoyment, and self-motivation. Moreover, Hwang & Chang (2025) reported that interactive digital 

environments enhance English learning outcomes by promoting self-determination and emotional 

engagement. Collectively, these findings reinforce the empirical evidence that TDI functions through dual 

psychological mediation mechanisms, producing meaningful learning effects rather than working in 

isolation. 

From a theoretical perspective, the dual mediation mechanism linking TDI, ENG, MOT, and OUT 

can be understood through the integration of several major conceptual frameworks. The Community of 

Inquiry (CoI) Framework (Shea et al., 2022) posits that cognitive presence and social presence generated 

through technology-mediated interaction foster higher levels of engagement and motivation, which 

subsequently enhance learning outcomes. Self-Determination Theory (SDT) (Hwang & Chang, 2025) 

suggests that technology can strengthen intrinsic motivation by providing opportunities for autonomy, 

immediate feedback, and social collaboration, all of which contribute to better engagement and impro ved 

performance. The Engagement-Mediation model (L. Huang et al., 2025) conceptualizes engagement as a 

psychological mechanism that links instructional interventions such as technology with academic 

outcomes. In addition, the Technology Acceptance Model (TAM) in educational contexts (Al-Adwan et 

al., 2023) explains that learners’ perceptions of the ease of use and usefulness of technology influence their 

motivation and engagement with learning platforms, which ultimately shape learning outcomes. These 

frameworks elucidate why the effect of TDI on English learning outcomes occurs indirectly through 

engagement and motivation. Technology creates an environment that stimulates social and affective 

interaction, enhances the sense of control and relevance, and fosters psychological conditions conducive to 

optimal learning achievement. 

Conceptually, this study proposes a refined model of technology-enhanced learning that emphasizes 

the effectiveness of English language instruction is determined not merely by the frequency of technology 

use but by the strength of the psychological interaction formed between the user and the system. The dual 

mediation findings suggest that technology-driven learning yields significant impact only when it cultivates 

engagement-driven motivation, a state in which active engagement amplifies intrinsic motivation that 

subsequently leads to better learning outcomes. The theoretical contribution of this study lies in the 

integration of two parallel mediating pathways, engagement and motivation, which have rarely been 

examined simultaneously within cross-cultural technology-enhanced language learning (TELL) research. 

This finding expands the current understanding by demonstrating that technology does not automatically 

improve academic achievement; rather, its effectiveness depends on how emotionally and cognitively 

engaged students are in technology-mediated learning. From a practical standpoint, these findings highlight 

the need for curriculum designers and English language educators to develop learning systems that 

prioritize interactivity, self-reflection, and personalized motivation rather than focusing solely on content 

digitalization. Strategies such as adaptive feedback loops, gamified engagement tracking, and collaborative 

online tasks have proven effective in reinforcing these mediation mechanisms. In summary, this study 

makes a significant contribution to global scholarship by affirming that the success of smart English 

learning ultimately depends on how effectively technological interactions can activate and sustain two core 

psychological engines, engagement and motivation, which serve as the key bridge connecting technology 

use with continuous and meaningful learning outcomes. 
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4. CONCLUSION 

This study provides empirical evidence that technology-driven interaction (TDI) has a significant 

influence on English learning outcomes (OUT) through the dual mediating roles of student engagement 

(ENG) and motivation (MOT). The results of the structural equation modeling analysis indicate that TDI 

affects learning outcomes not only directly but more strongly through the enhancement of engagement and 

motivation among students in the English learning process. The proposed model emphasizes that the 

effectiveness of technology in language education lies not in the sophistication of the platform itself but in 

how technological interactions foster active engagement and intrinsic motivation as the main drivers of 

learning achievement. By integrating the principles of Self-determination theory, the engagement 

framework, and the Community of Inquiry model, this study reinforces the theoretical foundation that the 

relationship between technology and learning outcomes is both psychological and dynamic. Overall, the 

findings demonstrate that technology-supported English language learning creates a more reflective, 

participatory, and outcome-oriented environment, positioning engagement and motivation as 

transformative factors in enhancing the quality of language learning in the digital era. 

Although this research makes a significant contribution to the theoretical and practical development 

of Technology-Enhanced Language Learning (TELL), several limitations should be acknowledged for 

future research. First, the study used a quantitative questionnaire-based approach involving 300 respondents 

from two countries, which limits the diversity of cultural and institutional contexts represented. Future 

studies should consider adopting a mixed-method approach to gain deeper insights into the dynamics of 

motivation and engagement across different learning environments. Second, the research model focuses on 

four main constructs: TDI, ENG, MOT, and OUT, while other potential factors such as teacher digital 

competence, learning satisfaction, and technological self-efficacy may further strengthen the conceptual 

framework. Therefore, subsequent studies are encouraged to explore the interrelationships among these 

additional variables within AI-driven learning environments or immersive technologies such as augmented 

reality (AR) and virtual reality (VR), which could broaden the understanding of future language learning 

experiences. 

From a theoretical perspective, this study contributes to the global literature by introducing a dual 

psychological mediation model that explains how technology-mediated interaction transforms learning 

behavior into measurable academic achievement. From a practical perspective, the findings provide 

strategic insights for educators and curriculum designers to develop English language learning ecosystems 

that are more student-centered, motivationally engaging, and sustainable amid the continuous 

transformation of digital education. 
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