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ABSTRACT 

This study investigates the effectiveness and pedagogical appropriateness of integrating Project-Based Learning 

(PBL) with Industry 4.0 (IR 4.0) digital tools in enhancing Spanish vocabulary mastery among Malaysian 

university students. Grounded in constructivist and experiential learning theories, the study adopts a mixed-

methods exploratory design employing a one-group pre–post quasi-experimental approach with embedded 

qualitative data. Quantitative data were obtained from vocabulary pre- and post-tests as well as writing and 

speaking assessments linked to a video-based project, while qualitative data were collected through semi-

structured interviews and classroom observations. Participants comprised 24 undergraduate students enrolled in 

a Level 3 Spanish course at a public university in Malaysia, with eight students purposively selected for the 

qualitative phase. Quantitative findings revealed a statistically significant improvement in vocabulary 

performance from pre-test to post-test, with a large effect size, indicating the strong impact of the PBL + IR 4.0 

intervention. Improvements were also observed in students’ writing and speaking performance, as reflected in 

higher post-intervention grades. Qualitative findings further indicated positive student attitudes towards the 

approach, highlighting enhanced engagement, learner autonomy, digital literacy, and the development of 

transferable soft skills such as collaboration and time management. However, the study also identified several 

challenges, including unstable internet connectivity, financial constraints, unequal group participation, and 

unconducive home learning environments, reflecting broader digital divide issues. Overall, the findings suggest 

that PBL integrated with IR 4.0 tools constitutes a robust and adaptable pedagogical model for foreign language 

learning. The study contributes empirical evidence to the growing literature on technology-enhanced PBL and 

offers implications for instructional design, institutional support, and future research in digitally mediated 

language education. 
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INTRODUCTION 

Project-Based Learning (PBL) has been widely recognised as a learner-centred approach that promotes 

meaningful learning through sustained engagement in purposeful tasks culminating in an authentic product 

(Blumenfeld et al., 1991; Thomas, 2000). In language education, PBL is often associated with improved learner 

engagement, autonomy, and opportunities for contextualised language use, particularly when learners must plan, 

negotiate meaning, and produce communicative artefacts collaboratively. The pedagogical logic of PBL also 

aligns with constructivist and experiential perspectives, whereby knowledge is strengthened through active 

construction and repeated use in meaningful contexts (Papert, 1980). 

Parallel to this, the shift towards Industry 4.0 (IR 4.0) in higher education has accelerated the adoption of digital 

tools and platforms that support multimodal learning, online collaboration, and technology-mediated assessment 
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(Anggraeni, 2018; Maria et al., 2018). In an IR 4.0-oriented learning environment, students are expected not 

only to acquire disciplinary knowledge but also to develop digital competence, creativity, and collaborative 

problem-solving skills, capacities that are increasingly central in contemporary higher education (Kowang et al., 

2020). When PBL is integrated with IR 4.0 tools (PBL + IR 4.0), the approach may offer a pedagogically 

coherent model: students learn language through authentic production while simultaneously engaging with 

digital tools for research, design, editing, and dissemination. 

Despite these potentials, empirical research that specifically examines PBL + IR 4.0 in Spanish as a foreign 

language within Malaysian higher education remains limited. Existing PBL studies in language learning often 

emphasise broad communicative competence or general learning engagement, with less consistent attention to 

measurable vocabulary development as a focal outcome, especially when combined with digital production 

tasks. This gap is important because vocabulary knowledge is a foundational component of language proficiency 

and is strongly implicated in learners’ ability to perform in both speaking and writing. As argued in earlier 

scholarship, the breadth and depth of vocabulary substantially shape the quality of language use; limited 

vocabulary constrains fluency and communicative effectiveness (Tarigan, 1993; Wilkins, 1972). 

In the Malaysian university context, Spanish is typically taught as an elective foreign language, and learners 

often have limited exposure beyond classroom contact hours. Under such conditions, instructional approaches 

that intensify meaningful vocabulary use, through repeated retrieval, contextualised production, and multimodal 

reinforcement, are pedagogically desirable. The integration of IR 4.0 tools may further strengthen this process 

by enabling learners to rehearse, edit, and refine language outputs (e.g., scripts, subtitles, recorded dialogues) 

while accessing digital resources to verify meanings and usage. However, digital integration also raises practical 

concerns, including uneven access to stable internet connectivity, financial constraints, and challenges in 

sustaining effective online collaboration, issues reported during the broader transition to online learning (Adnan 

& Anwar, 2020; Chung et al., 2020). 

Against this backdrop, the present study investigates the appropriateness and effectiveness of implementing a 

PBL + IR 4.0 approach to enhance Spanish vocabulary mastery among Malaysian university students, while also 

documenting perceived benefits and constraints from learners’ perspectives. Using a one-group pre–post design 

with embedded qualitative data, the study examines vocabulary gains alongside changes in performance in 

writing and speaking tasks linked to a video-based project, complemented by interview and observational 

evidence on learners’ experiences using IR 4.0 tools. 

Accordingly, this study is guided by the following research questions: 

1. What are students’ attitudes towards the PBL + IR 4.0 approach in the teaching and learning of Spanish 

vocabulary? 

2. How does the PBL + IR 4.0 approach affect students’ mastery of Spanish vocabulary, writing, and 

speaking? 

3. What benefits do students perceive from implementing PBL + IR 4.0 in a Spanish language course? 

4. What challenges do students encounter when implementing PBL + IR 4.0, and what improvements do 

they suggest for future implementation? 

Conceptual Framework of the Study 

 

Figure 1. Conceptual framework integrating Project-Based Learning (PBL) and Industry 4.0 digital tools to 

enhance vocabulary mastery, language skills, and transferable competencies. 
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This study is guided by a conceptual framework grounded in constructivist and experiential learning theories, 

which posit that knowledge is actively constructed through meaningful engagement and repeated use in authentic 

contexts (Papert, 1980). The framework integrates the core principles of Project-Based Learning (PBL) with 

Industry 4.0 (IR 4.0) digital capacities to explain how vocabulary mastery and related learning outcomes may 

be enhanced in a foreign language learning environment. 

As illustrated in Figure 1, PBL functions as the pedagogical foundation of the intervention. Through authentic 

tasks, sustained inquiry, collaborative work, learner autonomy, and the production of tangible artefacts, students 

are required to actively engage with target language input and apply it in purposeful contexts. These principles 

create conditions that encourage repeated language exposure, negotiation of meaning, and contextualised use of 

vocabulary. 

The integration of IR 4.0 digital tools serves as a mediating layer that amplifies the pedagogical impact of PBL. 

Digital platforms and applications for scripting, video recording, editing, and online collaboration provide 

multimodal input and output opportunities, enabling students to repeatedly rehearse, refine, and reflect on their 

language use. Processes such as repeated pronunciation during recording, repeated listening during editing, and 

continuous checking of meanings through digital resources reinforce vocabulary retention and deepen linguistic 

awareness. 

The interaction between PBL principles and IR 4.0 digital mediation is expected to produce three interrelated 

categories of learning outcomes. First, cognitive outcomes include improved vocabulary retention, recall, and 

conceptual understanding, as learners repeatedly process lexical items in meaningful contexts. Second, linguistic 

outcomes encompass enhanced writing accuracy, sentence construction, pronunciation, and speaking fluency, 

supported by iterative scripting and recording processes. Third, skill-based outcomes involve the development 

of digital literacy and transferable soft skills such as teamwork, communication, time management, creativity, 

and self-regulation. 

This conceptual framework aligns closely with the empirical findings of the study, which demonstrate 

statistically significant gains in vocabulary scores, improvements in writing and speaking performance, and 

positive learner perceptions regarding digital competence and soft skills development. At the same time, the 

framework accommodates contextual constraints, such as access to digital infrastructure and learning 

environments, which may mediate the effectiveness of PBL + IR 4.0 implementation. 

METHODOLOGY  

Research Design 

This study employed a one-group pre–post quasi-experimental design with embedded qualitative data within a 

mixed-methods exploratory framework. The quantitative component examined changes in students’ Spanish 

vocabulary performance using pre- and post-tests, as well as writing and speaking assessments linked to a 

project-based intervention. The qualitative component consisted of semi-structured interviews and classroom 

observations to provide deeper insights into students’ learning experiences, attitudes, and challenges during the 

implementation of the PBL + IR 4.0 approach. The integration of both datasets enabled a comprehensive 

evaluation of the effectiveness and pedagogical appropriateness of the intervention. 

Participants 

The participants for the quantitative phase were 24 undergraduate students majoring in tourism at a public 

university in Malaysia. All participants were enrolled in a Level 3 Spanish course, a compulsory elective, and 

had previously completed Level 1 and Level 2 Spanish, indicating comparable foundational knowledge in 

Spanish vocabulary and grammar. These 24 students provided complete and usable pre- and post-test data and 

were therefore included in the inferential statistical analysis. 

For the qualitative phase, eight students were purposively selected based on their level of engagement, classroom 

participation, and ability to articulate their learning experiences.  

Instruments 

Four main instruments were utilised in this study. A researcher-developed vocabulary pre-test and post-test 
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assessed students’ mastery of Spanish vocabulary related to themes such as nature, tourism, and vacations. The 

test included matching, fill-in-the-blank, translation identification, and sentence-completion items. Content 

validity was established through expert review by two Spanish language lecturers, and the same instrument was 

administered before and after the intervention. 

Students’ writing and speaking skills were assessed through project-embedded tasks. Writing performance was 

evaluated based on Spanish scripts and storyboards, while speaking performance was assessed using recorded 

dialogues from the vocabulary videos. A rubric measuring accuracy, vocabulary range, fluency, coherence, and 

pronunciation was applied. To enhance reliability, two independent Spanish language instructors conducted the 

assessments, and discrepancies exceeding 10% were resolved through discussion. 

Qualitative data were collected using a semi-structured interview protocol focusing on students’ attitudes, 

perceived benefits, challenges, and suggestions for improvement. Interviews were conducted online, audio-

recorded, and transcribed verbatim. In addition, structured observations were conducted throughout the project 

to document collaboration patterns, vocabulary use, digital tool utilisation, problem-solving behaviours, and 

implementation challenges. 

Procedure 

The PBL + IR 4.0 intervention was implemented over nine weeks following a structured and scaffolded project 

sequence. Students were organised into groups and engaged in a series of activities including digital platform 

setup, project briefing, vocabulary list development, storyboard and script writing, video production, and final 

submission. Throughout the intervention, students utilised various IR 4.0-aligned digital tools for scripting, 

recording, editing, and online collaboration. Continuous instructor consultations and weekly digital updates were 

incorporated to support formative feedback and project monitoring. The intervention concluded with the 

submission of final video products, reflection activities, and the administration of the post-test. 

Data Analysis 

Quantitative data were analysed using descriptive and inferential statistics. Means and standard deviations were 

calculated to compare pre- and post-test vocabulary scores. A paired-sample t-test was conducted to determine 

the statistical significance of score differences, and Cohen’s d was calculated to estimate effect size. Changes in 

the proportion of students achieving higher grades in writing and speaking were examined using pre- and post-

intervention percentages. 

Qualitative data from interviews and observations were analysed using thematic analysis based on Braun and 

Clarke’s (2006) six-phase framework. Trustworthiness was enhanced through data triangulation, peer debriefing, 

and member checking to ensure the credibility and accuracy of the qualitative findings. 

FINDINGS  

This section reports the findings in accordance with the four research questions, namely: (1) students’ attitudes 

towards the PBL + IR 4.0 approach, (2) the impact of the approach on vocabulary, writing, and speaking mastery, 

(3) the benefits gained through participation, and (4) the challenges encountered during implementation. 

Students’ Attitudes Towards the PBL + IR 4.0 Approach 

Interview data indicate that students held consistently positive attitudes towards the PBL + IR 4.0 approach. The 

project was perceived as engaging, meaningful, and distinct from conventional classroom-based learning. 

Students highlighted that the integration of video production and digital platforms encouraged active 

participation, curiosity, and exploration of new learning strategies. 

Participants frequently described the experience as motivating and memorable, noting that it enabled them to 

take greater ownership of their learning while experimenting with unfamiliar digital tools. Several students 

emphasised that the project fostered creativity and independence, while simultaneously enhancing their 

confidence in using technology for academic purposes. Overall, exposure to IR 4.0 tools contributed to a 

heightened sense of innovation and engagement in Spanish language learning. 
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Impact on Mastery of Spanish Vocabulary 

Findings provide clear evidence that the PBL + IR 4.0 intervention positively influenced students’ Spanish 

vocabulary mastery. Students consistently reported that repeated engagement with vocabulary during scripting, 

memorisation, filming, and editing processes strengthened retention and comprehension. Key mechanisms 

underlying this improvement included repeated pronunciation practice, repeated listening during video editing, 

continuous translation and meaning verification, sentence construction in Spanish, and active searching for new 

vocabulary aligned with project themes. 

These processes facilitated sustained exposure to target lexical items in meaningful contexts, reinforcing 

vocabulary learning through multimodal and iterative use. 

Pre–Post Vocabulary Test Results 

To illustrate the quantitative improvement in vocabulary performance following the intervention, a comparison 

of pre-test and post-test scores is presented in Figure 1. 

 

Figure 1: Vocabulary Test Scores of Individual Participants Before and After the PBL + IR 4.0  

Quantitative analysis corroborated the qualitative findings. The mean vocabulary score increased from M = 

57.21, SD = 18.37 in the pre-test to M = 76.67, SD = 9.50 in the post-test. A paired-sample t-test revealed that 

this improvement was statistically significant, t(23) = 5.49, p < .001, with a large effect size (Cohen’s d = 1.12). 

As illustrated in Figure 1, the majority of students demonstrated higher post-test scores, indicating a strong and 

consistent positive effect of the PBL + IR 4.0 approach on vocabulary acquisition. 

Improvement in Writing and Speaking Skills 

Students also reported noticeable improvements in writing and speaking skills as a result of producing scripts, 

storyboards, and video recordings entirely in Spanish. Writing development was attributed to repeated drafting 

and revision of scripts, which enhanced sentence construction, vocabulary usage, grammatical accuracy, and 

coherence. Speaking improvement was linked to repeated recording and rehearsal, which supported 

pronunciation refinement, fluency development, and increased confidence. 

Students indicated that memorisation of dialogue lines and repeated oral practice contributed to greater ease and 

accuracy in spoken Spanish. 

Writing and Speaking Assessment Results 

The improvements in writing and speaking performance are summarised visually in Figure 2. 
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Figure 2: Percentage of students achieving A grades in pre- and post-intervention Spanish writing and speaking 

tasks. 

As shown in Figure 2, the proportion of students obtaining an A increased by 16% in writing and 29% in 

speaking. These results suggest that integrating IR 4.0 tools within a PBL framework effectively supports the 

development of productive language skills, particularly through authentic, project-based language use. 

Enhancement of Digital Technology Skills 

Participation in the project led to substantial gains in students’ digital literacy. Students became more proficient 

in video recording and editing, and more confident in using multiple IR 4.0-aligned platforms such as TikTok, 

VN, CapCut, Canva, Filmora, iMovie, Google Sites, and Flipsnack. They also developed skills in integrating 

animations, background music, subtitles, and visual effects to enhance the quality of their digital artefacts. 

In addition, students reported improved competence in navigating online collaborative tools, which facilitated 

coordination, communication, and shared responsibility throughout the project. These findings indicate that the 

PBL + IR 4.0 approach effectively promotes IR 4.0 readiness alongside language learning. 

Development of Soft Skills 

The collaborative structure of the project fostered the development of a range of soft skills. Students reported 

improvements in teamwork and communication as they negotiated roles, resolved disagreements, and 

coordinated tasks. Leadership skills emerged as group members assumed responsibility for specific aspects of 

production. Time management was strengthened through deadline-driven tasks, while creativity and critical 

thinking were stimulated through scriptwriting, storyboard design, and problem-solving during video 

production. 

Students also demonstrated increased responsibility and self-regulation, as individual contributions directly 

affected group outcomes. Notably, these skills emerged organically through the project process, despite not being 

explicitly assessed. 

Challenges Faced by Students 

Despite the positive outcomes, several challenges were identified. Unstable internet connectivity frequently 

disrupted online discussions and slowed file uploads, limiting effective use of digital tools. Online group 

discussions were often constrained by reduced social presence, audio delays, limited engagement, and the 

absence of non-verbal cues. Financial constraints further affected participation, with some students reporting 

substantial weekly expenditure on mobile data. 

Unequal participation among group members occasionally hindered progress and affected group morale. In 

addition, heavy academic workloads and dense schedules contributed to time management difficulties. These 

challenges were exacerbated by unconducive home learning environments, including noise, limited private 

space, family responsibilities, and external disturbances. 

https://rsisinternational.org/journals/ijriss
https://rsisinternational.org/journals/ijriss
http://www.rsisinternational.org/


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

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume IX Issue XII December 2025 

Page 2661 www.rsisinternational.org 

 

 

DISCUSSION  

The purpose of this study was to examine the effectiveness and appropriateness of integrating Project-Based 

Learning with Industry 4.0 tools (PBL + IR 4.0) in enhancing Spanish vocabulary mastery among Malaysian 

university students. By triangulating quantitative gains with qualitative perceptions, the discussion below not 

only confirms the effectiveness of the intervention but also critically interprets why it worked, for whom it 

worked best, and under what constraints its impact may be uneven. 

PBL + IR 4.0 and Vocabulary Learning: Beyond Score Gains 

The statistically significant increase in vocabulary scores with a large effect size (t(23) = 5.49, p < .001, d = 

1.12) suggests that the intervention produced an educationally meaningful improvement in vocabulary mastery. 

From a constructivist perspective, vocabulary learning was strengthened because lexical items were repeatedly 

processed and applied through authentic meaning-making activities, rather than memorised in isolation (Papert, 

1980). Students’ accounts indicate that vocabulary development was embedded in purposeful production, 

writing scripts, rehearsing dialogue, recording, and editing, thereby enabling deeper lexical processing, repeated 

retrieval, and contextual reinforcement. 

Critically, this mechanism differentiates PBL + IR 4.0 from several common vocabulary teaching approaches. 

Traditional approaches such as direct instruction, word lists, or drill-based exercises can be efficient for initial 

exposure and form–meaning mapping, yet they often provide limited opportunities for repeated contextualised 

output and multimodal reinforcement. In contrast, the PBL + IR 4.0 project required sustained engagement with 

vocabulary across time (nine weeks) and across modes (spoken rehearsal, visual design, written scripting, and 

auditory repetition during editing). This extended cycle likely enhanced durable retention by combining 

intentional learning (explicit searching and checking meanings) with incidental learning (repeated exposure 

through production). The results therefore align with the broader PBL literature showing that active engagement 

and contextualised use support vocabulary acquisition more effectively than decontextualised practice alone 

(Lai, 2021; Muzana et al., 2021; Vergara-Castañeda et al., 2021). 

Why the Intervention May Benefit Some Students More Than Others 

While the overall trend indicates improvement for most participants, the pattern of gains may not be uniform 

across the cohort. A critical interpretation is that differential benefits are likely shaped by variation in learner 

resources and group-level dynamics. Students with stronger baseline language proficiency or greater confidence 

in speaking may have benefited more because they could allocate cognitive effort toward refining vocabulary 

usage and pronunciation rather than struggling with basic sentence construction. Similarly, students with prior 

digital experience (e.g., familiarity with editing apps, online collaboration) may have progressed faster, allowing 

more time and mental capacity for language-focused improvement rather than technical troubleshooting. 

Group structure may also amplify inequality in outcomes. Well-functioning groups provide peer scaffolding, 

distributed workload, and frequent opportunities for negotiation of meaning, conditions that accelerate 

vocabulary uptake and productive practice. Conversely, groups with unequal participation may reduce language 

practice opportunities for some members (e.g., a small subset writing scripts and editing videos), limiting others’ 

exposure to repeated retrieval and output. In this sense, PBL can be both an enabler and a filter: it rewards 

engagement, but it can also magnify differences in contribution, leadership, and accountability if monitoring 

mechanisms are not sufficiently strong. This interpretation is consistent with the finding that some students 

experienced passive participation among peers, which may have shaped both project quality and individual 

learning gains. 

Productive Skills Development: Authentic Output with Iterative Refinement 

The improvement in writing and speaking aligns with the project’s design, which naturally embedded productive 

language demands into the learning process. Writing improved through iterative scripting and revision, which 

required students to organise ideas, select vocabulary appropriately, and attend to grammatical accuracy. 

Speaking improved through repeated oral rehearsal and recording, allowing students to notice pronunciation 

gaps and self-correct over multiple attempts. This cycle resonates with the view that meaningful output and 

repeated practice contribute to language development, particularly when learners must produce intelligible and 
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audience-oriented speech (Krashen, 1982). The increase in high grades for writing and speaking tasks further 

supports the claim that the intervention strengthened performance beyond vocabulary recognition, extending 

into productive competence. Similar outcomes have been reported in digital-storytelling and video-based PBL 

studies, where artefact production encourages multiple rounds of drafting, rehearsal, and performance refinement 

(Du et al., 2022; Imaz, 2021). 

IR 4.0 Mediation: Digital Literacy as Both Outcome and Condition 

Students’ reported gains in digital literacy reflect the intended IR 4.0 orientation of the project, particularly the 

development of technology-enabled creativity and problem-solving (Maria et al., 2018). However, a deeper 

reading suggests that digital tools functioned not only as an outcome but also as a mediating condition that 

shaped the quality of language learning. When students could access stable platforms and collaborate effectively, 

IR 4.0 tools amplified PBL benefits by enabling multimodal reinforcement, rapid feedback cycles, and repeated 

rehearsal through editing. Conversely, when access was unstable or costly, the same tools became barriers that 

increased cognitive load and reduced time-on-task for language learning. This dual role highlights that 

technology integration is not automatically beneficial; its pedagogical value depends on infrastructural reliability 

and equitable access. 

Digital Divide as a Layered Constraint, not a Single “Internet Problem” 

The challenges reported, unstable connectivity, financial strain, limited conducive learning space, and reduced 

quality of online collaboration, reflect structural constraints typical of pandemic-era learning contexts (Adnan 

& Anwar, 2020; Chung et al., 2020). Importantly, these constraints should be interpreted as a layered digital 

divide rather than a single technical problem. The divide includes (1) access divide (connectivity and device 

availability), (2) affordability divide (ongoing mobile data expenditure), and (3) learning environment divide 

(home conditions that limit sustained participation and focus). These layers interact: students with unstable 

internet may contribute less during synchronous meetings; those who rely on mobile data may limit video 

uploads or reduce participation frequency; those in crowded homes may struggle with recording quality and 

rehearsal time. Consequently, the intervention’s effectiveness is likely moderated by socio-economic and 

contextual factors, which can lead to unequal learning opportunities even within the same classroom. 

Therefore, while PBL + IR 4.0 appears pedagogically promising, its scalability requires institutional strategies 

that reduce structural inequities, such as improved campus connectivity support, flexible submission formats, 

and assessment designs that capture individual contribution to prevent unequal group participation from 

translating into unequal learning gains. 

LIMITATIONS 

Several limitations of this study should be acknowledged. First, the study employed a one-group pre–post quasi-

experimental design without a control or comparison group. Although statistically significant gains were 

observed, the absence of a control group limits the ability to attribute improvements exclusively to the PBL + 

IR 4.0 intervention, as other factors such as independent learning, prior exposure to Spanish, or maturation 

effects may have influenced the outcomes. 

Second, the sample size was relatively modest and drawn from a single public university context. While 40 

students participated in the intervention, only 24 students provided complete matched pre- and post-test data for 

inferential analysis. This reduces statistical power and limits the generalisability of the findings to broader 

student populations or institutional settings. 

Third, although writing and speaking assessments were evaluated by two independent raters to enhance scoring 

reliability, the possibility of grading bias cannot be entirely ruled out, particularly given the subjective nature of 

performance-based language assessment. While discrepancies were resolved through discussion, more rigorous 

inter-rater reliability statistics could strengthen future analyses. 

Fourth, students’ attitudes, perceived benefits, digital literacy development, and soft skills gains were primarily 

measured through self-reported interview data and observational evidence. As such, these findings are 

interpretive and may be influenced by social desirability bias or participants’ subjective perceptions. The absence 

of standardised instruments for measuring digital literacy and soft skills limits the objectivity of these outcomes. 
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Finally, the study was conducted during the COVID-19 pandemic, with data collection taking place fully online. 

Contextual constraints such as unstable internet access, financial strain, emotional fatigue, and unconducive 

home learning environments may have shaped students’ learning experiences and perceptions of the PBL + IR 

4.0 approach. These pandemic-specific conditions should be considered when interpreting the findings, as the 

effectiveness of the intervention may differ in post-pandemic or face-to-face instructional contexts. 

IMPLICATIONS 

Theoretical Implications 

This study advances theoretical understandings of Project-Based Learning (PBL) and digital pedagogy by 

demonstrating how the integration of PBL with Industry 4.0 (IR 4.0) digital tools functions as an effective 

mechanism for vocabulary development in foreign language learning. Grounded in constructivist and 

experiential learning theories, the findings provide empirical support for the claim that repeated, meaningful, 

and multimodal engagement with lexical items, through scripting, recording, editing, and collaborative 

negotiation, enhances vocabulary retention and depth of processing. 

More specifically, the statistically significant gains and large effect size observed in this study position PBL + 

IR 4.0 as more than a motivational or engagement-oriented approach; rather, it operates as a cognitively robust 

pedagogical model that facilitates sustained lexical exposure, rehearsal, and contextualised use. By linking 

pedagogical design (PBL), digital mediation (IR 4.0 tools), and measurable linguistic outcomes, this study 

contributes to the relatively limited body of research on technology-enhanced vocabulary acquisition in Spanish 

as a foreign language, particularly within Southeast Asian higher education contexts. 

Importantly, the findings suggest that vocabulary learning in digitally mediated PBL environments is not 

incidental but structurally embedded within iterative production processes, thereby extending existing PBL 

theories that have traditionally focused on general communicative competence rather than specific lexical 

outcomes. 

Practical Implications for Teaching and Learning 

From a pedagogical perspective, the findings indicate that integrating PBL with IR 4.0 tools is a feasible and 

effective strategy for enhancing vocabulary mastery as well as productive language skills in university-level 

foreign language courses. The requirement for students to produce authentic digital artefacts, such as video-

based projects, encourages deeper cognitive engagement with vocabulary through repeated use, revision, and 

reflection, rather than surface-level memorisation. 

The results further suggest that video-based PBL tasks support writing development through iterative script 

drafting and revision, while simultaneously enhancing speaking fluency and pronunciation accuracy through 

repeated recording and self-monitoring. These processes align closely with principles of meaningful output and 

form-focused attention, making PBL + IR 4.0 particularly suitable for vocabulary-driven language courses. 

However, the effectiveness of this approach depends on appropriate instructional scaffolding. Regular progress 

monitoring, structured milestones (e.g., storyboard development), and early exposure to essential digital tools 

are necessary to prevent cognitive overload and uneven participation. Additionally, assessment rubrics should 

explicitly incorporate criteria related to collaboration and individual contribution to mitigate the risk of passive 

group members and to promote accountability. 

Overall, the findings support the adoption of PBL + IR 4.0 as a data-informed instructional approach that 

balances linguistic development, digital literacy, and transferable skills, provided that pedagogical design is 

carefully aligned with learning objectives and learner readiness. 

Policy and Institutional Implications 

At the institutional and policy level, the findings highlight critical structural conditions that influence the 

effectiveness of digitally mediated PBL implementation. While PBL + IR 4.0 offers substantial pedagogical 

benefits, its success is contingent upon equitable access to digital infrastructure. Persistent issues related to 

unstable internet connectivity, high data costs, and unconducive home learning environments underscore the 
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continuing digital divide among university students, particularly in post-pandemic blended and online learning 

contexts. 

Universities are therefore encouraged to prioritise digital equity by providing subsidised or free high-speed 

internet access, improving campus-wide Wi-Fi infrastructure, and ensuring access to shared digital facilities such 

as computer laboratories for project-based coursework. Institutional funding mechanisms may also be required 

to support digital project-based assignments so that financial constraints do not disproportionately disadvantage 

certain student groups. 

In addition, professional development programmes should be strengthened to equip lecturers with competencies 

in IR 4.0-oriented pedagogy, digital assessment literacy, and the management of online collaborative learning. 

At the curriculum level, the integration of PBL + IR 4.0 should be formally embedded within language 

programme frameworks as part of broader efforts to cultivate 21st-century skills, digital fluency, and learner 

autonomy in higher education. 

CONCLUSION 

This study contributes to the growing body of research on project-based and digitally mediated language learning 

by advancing a pedagogical model that integrates Project-Based Learning (PBL) with Industry 4.0 digital tools 

in foreign language education. Grounded in constructivist and experiential learning theories, the PBL + IR 4.0 

framework demonstrates how authentic, technology-mediated tasks can create conditions for sustained lexical 

engagement, multimodal reinforcement, and meaningful language use. 

Beyond vocabulary development, the findings highlight the broader pedagogical value of PBL + IR 4.0 in 

supporting integrated language skills, digital literacy, and transferable competencies essential for 21st-century 

learning. Importantly, the study illustrates that language learning outcomes are shaped not only by instructional 

design but also by contextual and infrastructural conditions, underscoring the need to view digital pedagogy 

through an equity-informed lens. 

While the study was conducted within the context of Spanish vocabulary learning during the COVID-19 

pandemic, the proposed framework has relevance beyond this specific setting. The principles underpinning PBL 

+ IR 4.0, authentic task design, learner autonomy, collaborative knowledge construction, and digital mediation, 

are transferable to other foreign languages, language components (e.g., grammar, pragmatics, discourse skills), 

and post-pandemic instructional contexts, including blended and face-to-face environments. 

Future research should build on this work by employing comparative or experimental designs, extending 

implementation across multiple institutions, and incorporating longitudinal measures to examine sustained 

language development. Further investigation into differentiated learning outcomes among student groups, the 

role of digital access and participation patterns, and the scalability of PBL + IR 4.0 within diverse educational 

contexts would deepen understanding of its pedagogical potential. Collectively, such efforts would strengthen 

the evidence base for PBL + IR 4.0 as a robust and adaptable approach to foreign language education in higher 

education. 
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