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ABSTRACT

The integration of Information and Communication Technology (ICT) with multimedia resources has
emerged as a transformative force in language education, particularly in developing academic and professional
writing proficiency among engineering students. Traditional methods of teaching writing often emphasize
structure and grammar but fall short in engaging learners or catering to diverse learning needs. This study explores
the pedagogical potential of ICT-driven tools such as Grammarly, Write & Improve, Turnitin feedback, and
multimedia platforms including videos, interactive modules, and digital storytelling to foster writing competence
in undergraduate engineering classrooms. By adopting an application-oriented approach, the research highlights
how these technologies provide immediate feedback, encourage self-directed learning, and promote creativity in
writing tasks.

The methodology employs a quasi-experimental design with pre- and post-test assessments conducted
on two groups: one exposed to conventional instruction and the other integrated with ICT and multimedia
resources. Quantitative results from writing assessments are complemented by qualitative data drawn from learner
reflections and instructor observations. Findings reveal significant improvement in vocabulary usage, grammatical
accuracy, coherence, and overall confidence in the experimental group, demonstrating the effectiveness of ICT-
based interventions. Moreover, the study emphasizes that multimedia integration not only enriches the writing
process but also nurtures critical thinking and professional communication skills essential for engineering
graduates.

This article argues that ICT-driven writing pedagogy represents more than a supplementary aid; it is a
paradigm shift that aligns with global trends in digital literacy and the requirements of the 21st-century workplace.
The study concludes by recommending structured integration of ICT and multimedia into the engineering
curriculum, ensuring that students are better prepared to meet academic challenges and professional
communication demands in an increasingly digitalized world.

Keywords: ICT in language education, multimedia learning, writing proficiency, engineering students, digital
pedagogy, academic writing, self-directed learning, communication skills

1.INTRODUCTION

Across engineering education, the ability to communicate ideas with clarity and
precision in writing has shifted from a “nice-to-have” to a non-negotiable graduate attribute.
Whether drafting a design rationale, documenting experiments, reporting safety risks, or
composing client-facing proposals, engineers must translate technical complexity into
intelligible prose. Yet program audits and employer feedback consistently point to a disjunction
between students’ technical competence and their written communication—particularly in
multilingual contexts where English serves as the academic lingua franca. This paper positions
Information and Communication Technology (ICT) and multimedia as levers for narrowing
that gap, arguing for a deliberate, feedback-rich, and multimodal writing pedagogy for
undergraduate engineering classrooms.
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A wave of recent research on automated writing evaluation (AWE), Al-generated
feedback, and multimodal composition suggests that well-designed technology integration can
improve writing quality, accelerate revision cycles, and support learner autonomy—provided
it is implemented with pedagogical intent and ethical guardrails. For instance, Escalante, Pack,
and Barrett (2023) conducted two longitudinal studies with university learners of English as a
new language (ENL). In their quasi-experimental study, they report that “results of Study 1
showed no difference in learning outcomes between the two groups” (Al-generated feedback
vs. human tutor), and conclude that a blended approach is prudent: “the use of Al-generated
feedback can likely be incorporated into ENL essay evaluation without affecting learning
outcomes” while capitalizing on complementary strengths of human feedback (Escalante et al.,
2023, p. 2). This finding neither glorifies nor dismisses Al in writing instruction; instead, it
reinforces a practical stance for engineering educators: use Al where it helps, and teach students
to interrogate its output.

Converging evidence also comes from systematic syntheses. Karatay and Karatay
(2024) reviewed 40 classroom-based AWE studies (2013-2021) and identified four durable
themes—impacts on students’ writing practices, the role of individual and contextual factors,
interactions with teacher feedback, and limitations requiring careful classroom integration.
Crucially, they underline that learners’ engagement with AWE is “complex and multi-layered,”
warranting “a critical interpretative synthesis of existing literature on student engagement with
AWE in L2 classrooms” (Karatay & Karatay, 2024, pp. 1-2). For engineering programs that
increasingly scale feedback with large cohorts, this is not a marginal insight; it’s central. The
value of ICT is realized not merely by adoption but by designing for engagement: staged
prompts, transparent criteria, and reflective revision cycles.

The trust dimension has emerged as a decisive moderator. In a quasi-experiment with
121 high-intermediate L2 writers, Kao and Reynolds (2024) manipulated the perceived source
of feedback (AWE vs. teacher) while keeping the underlying feedback constant. They found
that the “perceived AWE feedback group significantly outperformed the perceived teacher
feedback group” by semester’s end and “put more trust in feedback on grammar rules and
lexical choices” (Kao & Reynolds, 2024, p. 1). Their introduction synthesizes the debate
succinctly: AWE promises efficiency, but concerns persist about precision and fit to
pedagogical reality; hence “well-designed tasks, student training in the use of AWE, and future
advancements in AI” are necessary preconditions (Kao & Reynolds, 2024, p. 1). For
engineering instructors, this implies two operational principles: (i) match feedback modality to
error type (e.g., AWE for lexico-grammatical issues; human feedback for argumentation and
genre); (ii) teach trust calibration, i.e., when to accept, adapt, or reject automated suggestions.

Beyond feedback automation, ICT-mediated multimedia can scaffold writing through
modeling, multimodal input, and interactive practice. Reviews now push beyond mere “does it
work?” toward which instructional elements drive the effects. In a 2024 PRISMA-guided
analysis of technology-based writing interventions, Gonzalez-Laguna et al. (2024) show that
effective programs lean on application and demonstration principles, with ICT most often used
for practicing/applying and structuring activities, and with product-focused/corrective
feedback frequently delivered via technology—offering a component-level map that
curriculum designers can actually implement (Gonzélez-Laguna et al., 2024, §4 “Discussion
and Conclusions”). While that MDPI article uses article numbers rather than page ranges, its
contribution is practical: not just that ICT “helps,” but how (e.g., procedural scaffolding,
structured revision, and explicit learning objectives).
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In parallel, Al-generated feedback has matured from proof-of-concept to comparative
trials. Escalante et al. (2023) caution that although “GenAl feedback [can be] more readable
and detailed than instructor feedback,” decisions about when to integrate it should be evidence-
informed and learner-inclusive (Escalante et al., 2023, pp. 3-5). Their literature review quotes
Godwin-Jones (2022) urging “thoughtful, informed differentiation in the use and the advocacy
of Al-enabled tools, based on situated practice, established goals, and desired outcomes”
(quoted in Escalante et al., 2023, p. 3). Situated practice is especially relevant in engineering
writing, where genres—problem statements, methods, incident reports, design memos,
standards compliance narratives—require rhetorical moves poorly captured by generic
“grammar-first” feedback. Here, AWE should be embedded, not outsourced: students iterate
with machine feedback on prose clarity, while instructors and peers guide genre, audience, and
evidence.

The evidence base has also diversified to include timed writing contexts and student
perceptions. Kao and Reynolds (2024) note that “AWE software has received much attention”
precisely because it “reduces the time necessary for providing... corrective feedback” (Kao &
Reynolds, 2024, p. 1), but they simultaneously document the limitations that preclude a
simplistic substitution for teachers, aligning with earlier cautions summarized by Karatay &
Karatay (2024) about the multi-layered nature of AWE engagement (Karatay & Karatay, 2024,
pp. 1-2). In other words, efficiency without pedagogical fit risks shallow gains.

For engineering students, these insights must be operationalized within the constraints
of large classes, diverse proficiency levels, and assessment regimes emphasizing accuracy,
coherence, and disciplinary conventions. An ICT-rich writing ecology for such classrooms
might include:

o Automated feedback for rapid cycles on sentence-level features (grammar, lexis,
cohesion), paired with rubric-aligned prompts for organization and audience.

e Multimedia modeling (exemplar videos, annotated reports) to make genre moves visible
and reusable.

e Interactive platforms (LMS-based writing studios, version control for drafts) enabling
process writing with artifact histories.

o Blended feedback where teacher input targets argumentation, evidence, and ethical/safety
discourse; peer input targets clarity and persuasiveness; AWE targets local correctness—
reflecting Link, Mehrzad, & Rahimi’s blended-feedback principle (Link et al.,
2020/2022). While we cite Link et al. via secondary sources here, their result is frequently
summarized as evidence that combining AWE with teacher/peer feedback yields the
strongest revisions (see synthesis in Kao & Reynolds, 2024, p. 2).

The ethical dimension warrants explicit treatment, especially after the advent of LLM-
based tools. Escalante et al. (2023) remind us that “GenAl... can produce complete essays that
are passable at the university level” (Escalante et al., 2023, p. 2), and that naive reliance on Al
detectors is untenable because “Al paraphrasing programs... render Al-generated text
undetectable” to some tools (Escalante et al., 2023, p. 2). A mature ICT pedagogy therefore
must include academic integrity by design: task framing that requires artifact trails (notes,
outlines, drafts), oral defense of decisions, data provenance, and reflection on what was learned
from the machine’s feedback (not just what the machine output).
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What, then, counts as “multimedia integration” for writing—beyond simply attaching
a video to a prompt? Contemporary reviews emphasize structured application/demonstration,
procedural scaffolding, and targeted feedback as the pedagogical heart of successful ICT-
writing interventions (Gonzélez-Laguna et al., 2024, Discussion). In practice, that means: short
think-aloud exemplars showing how an engineer revises a paragraph to meet a risk-
communication requirement; captioned micro-lectures on hedging and stance; screen-recorded
feedback that highlights cohesion chains; and interactive checklists aligned to rubric criteria
that students use before they query an AWE tool. Rather than cultivating tool dependence,
these elements cultivate self-regulation and audience awareness.

Notably, the direction of effect is not always one-way or unconditionally positive.
Escalante et al. (2023) report that Al feedback did not outperform human tutor feedback on
learning outcomes, but students valued its clarity and specificity; they recommend “a blended
approach that utilizes the strengths of both forms of feedback™ (Escalante et al., 2023, p. 2).
Likewise, Karatay & Karatay (2024) warn that AWE research must be situated in real
classrooms where engagement, context, and teacher mediation drive outcomes (Karatay &
Karatay, 2024, pp. 1-2). The implication for engineering educators is to design deliberate
orchestration: make it explicit what kind of feedback students should seek from which source,
when in the writing process, and why—and assess process evidence (e.g., revision logs)
alongside product quality.

In addition to effectiveness, equity matters. ICT can democratize access to timely
feedback in oversized cohorts, but it can also amplify disparities if students lack the meta-skills
to evaluate and adapt feedback. Escalante et al. (2023) caution that students “have increasingly
relied on forms of Al in the writing process for decades,” which raises the need to teach critical
Al literacy so learners do not “accept information from AWE tools without verifying it”
(Escalante et al., 2023, pp. 3—-4). For engineering writing tasks involving safety, ethics, or
regulatory compliance, this critical stance is not academic—it is professional.

The present study takes up these converging insights in the specific context of
undergraduate engineering classrooms, where the writing demands (e.g., specifications, design
notebooks, method write-ups, executive summaries) and the constraints (large enrollments,
heterogeneous proficiency) are distinctive. We investigate whether an ICT-driven, multimedia-
rich writing pedagogy improves students’ accuracy, coherence, and confidence compared to
traditional instruction, while also tracking learner reflections about how they navigated
automated and human feedback. In line with Kao & Reynolds (2024), we attend to perception
and trust—asking whether students trust AWE on some feedback types (e.g., grammar/lexis)
more than others, and whether that trust predicts revision behaviors (Kao & Reynolds, 2024,
p. 1). In line with Karatay & Karatay (2024), we treat engagement not as a control variable but
as an object of inquiry, recognizing that the same tool can support or stifle learning depending
on how students approach it (Karatay & Karatay, 2024, pp. 1-2).

This introduction also foregrounds three design commitments that shape our intervention:

1. Feedback orchestration over tool replacement. We adopt blended feedback to align
sources with strengths: AWE for immediate, high-volume, low-level feedback; teacher for
higher-order concerns (argumentation, evidence, genre); peers for audience clarity. This
stance echoes the blended recommendation in Escalante et al. (2023): “we recommend a
blended approach that utilizes the strengths of both forms of feedback™ (Escalante et al.,
2023, p. 2).
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2. Multimedia for modeling and metacognition. We deploy short, targeted videos that model
revising for cohesion and stance, and screen-recorded feedback that shows how to
translate rubric language into line-level edits. This matches the component-level emphasis
on application/demonstration and procedural scaffolding noted by Gonzalez-Laguna et al.
(2024) (Discussion).

3. Ethical Al literacy and traceable process. Students maintain revision logs, prompt books
(showing how they queried tools), and rationales for accepting or rejecting suggestions.
This responds to Escalante et al. (2023) on the risks of uncritical acceptance and the reality
that Al can generate passable essays; process evidence becomes part of assessment
(Escalante et al., 2023, pp. 2-4).

Methodologically, our study employs a quasi-experimental design with pre-/post-
writing assessments and mixed methods (quantitative scores + qualitative reflections),
mirroring designs common in recent work. For example, Kao & Reynolds (2024) implemented
an 18-week quasi-experiment to explore how perceived feedback source shapes outcomes and
trust, showing that study designs can simultaneously capture performance and psychosocial
mediators (Kao & Reynolds, 2024, p. 1). Similarly, Escalante et al. (2023) balanced learning
outcomes with student preferences, a dual focus we replicate to illuminate both what changed
in writing and how learners experienced the change (Escalante et al., 2023, pp. 2-5).

In sum, the state of the field (2020—-2025) supports a cautious but confident claim: ICT
and multimedia, deployed with instructional design and ethical clarity, can materially enhance
writing development in higher education. The newer literature complicates a simplistic “Al
beats teacher” story; rather, it maps a division of labor in which automation augments—not
replaces—pedagogy. As Karatay & Karatay (2024) put it, engagement with AWE is “complex
and multi-layered” and thus must be designed for, not presumed (Karatay & Karatay, 2024, pp.
1-2). As Kao & Reynolds (2024) demonstrate, trust can tip outcomes, with “perceived AWE
feedback” sometimes outperforming teacher-as-source in timed contexts (Kao & Reynolds,
2024, p. 1). And as Escalante et al. (2023) advise, the defensible path forward is blended,
leveraging the readability and specificity of Al feedback without abdicating the human work
of guiding genre, argumentation, and integrity: “use Al-generated feedback... without
affecting learning outcomes,” but blend it with human judgment (Escalante et al., 2023, p. 2).

This paper builds on those insights to test an ICT-driven, multimedia-integrated writing
pedagogy for engineering students, reporting measurable gains in core writing criteria and
describing how students navigated the interplay of human and automated feedback. The goal
is not merely to “add technology,” but to re-design writing instruction so that engineering
graduates can write with clarity, evidence, and professional awareness in an environment where
Al is present but governed.

2. LITERATURE REVIEW
2.1 From “tool adoption” to “pedagogical orchestration”

The last five years of research move the conversation beyond whether technology helps
into the fine grain of when, how, and for whom particular configurations of ICT and multimedia
optimize writing development. A core insight is that technology, by itself, is insufficient:
effects depend on instructional design, learner engagement, and feedback orchestration.
Synthesis work in 2024 has been especially influential. In a PRISMA-guided review of
technology-based writing interventions, Gonzalez-Laguna, Fidalgo, Lopez, and Rijlaarsdam
(2024) showed that effective programs are built around application and demonstration
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activities, explicit procedural scaffolding, and targeted feedback cycles, not just the presence
of a tool. Their componential analysis identifies the most common and effective uses of
technology for writing as practice/application, structuring, and product-focused feedback—a
blueprint for course designers working with large engineering cohorts.

In parallel, research on Automated Writing Evaluation (AWE) and Al-generated
feedback has moved from feasibility to comparative efficacy and learner perceptions. Two
conclusions recur: (1) Al feedback can match human tutor feedback on some outcomes, but (2)
learning gains hinge on blended use, trust calibration, and explicit instruction in how to use
feedback. Escalante, Pack, and Barrett (2023) ran a pair of higher-education studies comparing
Al-generated versus human-tutor feedback for ENL (L2) writers. Their headline result is
careful but decisive: “the use of Al-generated feedback can likely be incorporated into ENL
essay evaluation without affecting learning outcomes,” while recommending “a blended
approach that utilizes the strengths of both forms of feedback™ (Escalante et al., 2023, p. 2).
The article also documents the risks of uncritical reliance on generative Al (e.g., undetectable
paraphrasing, hallucinated content), which heightens the need for ethical Al literacy in writing
COUrses.

Kao and Reynolds (2024) address a subtler mediation: perceived source effects. In their
semester-long quasi-experiment on timed L2 writing, students who believed their feedback
came from an AWE system outperformed peers who believed it came from a teacher, and they
“put more trust in feedback on grammar rules and lexical choices” when it was framed as
automated (Kao & Reynolds, 2024). The study suggests that trust and source framing are not
incidental; they shape uptake and revision behaviors, especially for lower-level features
(grammar/lexis) where automation is strong. For engineering education, the design implication
is to map feedback sources to feedback types (AWE for micro-level correctness; instructor and
peers for genre, stance, and argument).

Finally, a 2024 System research synthesis by Karatay and Karatay (based on 40
classroom studies) draws together the ficld’s hard-won lessons. They emphasize that learner
engagement with AWE is “complex and multi-layered,” shaped by individual and contextual
factors, the level and type of feedback, and the roles teachers and students assume in
technology-rich classrooms. The authors catalogue four analytical categories that now orient
practical course design: (a) impact on students’ writing practices, (b) individual/contextual
factors in AWE engagement, (c) interactions with teacher feedback, and (d) limitations of
classroom AWE research. In short: to get repeatable gains, teachers must design for
engagement, not assume it.

2.2 Automated feedback, Al literacy, and “division of labor”

Across recent studies, AWE and LLM-mediated feedback are most reliable at
accelerating revision cycles and improving accuracy and lexical choice, especially at scale.
However, these benefits erode if learners cannot evaluate suggestions or if tasks reward surface
edits over rhetorical development. Escalante et al. (2023) summarize both promise and peril.
They note that GenAl can produce complete, passable essays, raising integrity concerns and
the need for process-focused assessment. They also report that students value clarity and
specificity in Al feedback, but require opportunities to discuss that feedback with humans to
deepen understanding and avoid over-reliance (pp. 2—4). The authors point toward a division
of labor: let AWE handle high-volume, lower-level corrective feedback, while teachers and
peers guide genre moves, argumentation, evidence, stance, and ethics.
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Kao and Reynolds (2024) push this further by demonstrating that source framing itself
can be leveraged pedagogically. If students trust AWE for grammar/lexis, instructors can
position automated feedback early in the drafting cycle (to clean language) and reserve human
effort for organization and disciplinary genre (e.g., method write-ups, design rationales, risk
reporting), typical of engineering writing. This sequencing minimizes cognitive overload and
improves time-on-task for higher-order revisions.

Complementing these experimental and synthesis studies, work at the NLP/assessment
boundary continues to iterate on neural AWE with corrective feedback, integrating
grammatical error correction (GEC) and holistic scoring in a single loop (Wang et al., 2024).
Such systems are steadily reducing friction for instructors who must process hundreds of drafts,
although they reinforce the need for calibrated rubrics and transparent guidelines so that
learners understand both the scope and limits of automated advice.

Meanwhile, the product landscape has changed quickly (2025). Tools like Grammarly
now add agentic features (citation suggester, paraphrase checker, reader-reaction predictor,
rubric-based graders). This trend is relevant to engineering communication because it nudges
students toward audience-aware and evidence-aligned writing, but also raises new governance
questions for instructors (what’s permitted? when? how is use disclosed?). The educational
press emphasizes Al literacy and “partner, not cheat” rhetoric for these tools, reinforcing the
blended paradigm.

2.3 Multimedia and multimodal composition as scaffolds for writing

Beyond corrective feedback, a second strand of literature highlights multimedia and
multimodal composition as scaffolds for genre awareness, cohesion, and audience design. Here
the focus is not on automated scoring, but on making expert moves visible and engaging
multiple channels of input.

Recent overviews of digital multimodal composing (DMC) synthesize evidence that
multimodal tasks can deepen writer identity, rhetorical flexibility, and engagement—though
they caution about implementation gaps between research and classroom practice (Yu, Zhang,
& Liu, 2024/2025). The practical challenge is translating “multimodality” into repeatable
classroom routines (e.g., video-modeled exemplars of genre moves, captioned micro-lectures
on hedging/stance, screen-recorded feedback to demonstrate cohesion repairs, checklists
aligned with rubrics).

A growing body of studies links digital storytelling (DST) and multimodal tasks to
motivation, self-regulation, and writing quality. Meletiadou (2022) reports that Educational
Digital Storytelling in higher education supports the development of 21st-century skills and
improves writing through collaborative planning, iterative drafting, and reflection. Subsequent
reviews in 2023-2025 echo these gains, noting that DST can strengthen not only language
skills but also metacognitive and affective dimensions of learning. For engineering students—
accustomed to explaining systems and processes—structured DST can serve as pre-writing for
formal documents, converting procedural knowledge into audience-ready prose.

Another multimodal tactic with strong classroom traction is video-based modeling and

feedback. Studies of video feedback in writing courses indicate that students frequently
perceive such feedback as clearer and more supportive, promoting revision planning and self-
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explanation (which are essential for coherence). This is consistent with broader findings in
multimodal instruction that demonstration (not merely explanation) improves transfer from
models to student drafts. For large engineering cohorts where teachers must prioritize feedback
time, brief, targeted screencasts that annotate organization and cohesion can provide scalable
modeling without sacrificing quality.

Recent systematic reviews of multimodal immersion in higher-education English
learning (2024) also report benefits for critical thinking, writing development, and engagement,
while urging better integration of assessment frameworks that capture process evidence
(planning, drafting, multimodal choices) alongside final text quality. For engineering writing—
where the process often matters as much as the product (e.g., safety or compliance rationales)—
this alignment is crucial.

2.4 What changes in writing? Accuracy, coherence, audience, and confidence
Across technology-enhanced programs, measurable gains cluster in four areas:
accuracy, coherence, audience awareness, and writer self-efficacy.

1. Accuracy and lexical choice. AWE/AI support rapid micro-level repairs (grammar, usage,
lexis). Kao and Reynolds (2024) show that students trust and use AWE more for these
feedback types, leading to better timed-writing outcomes. This suggests a course design
where automated checks are deployed early and often to clear surface noise so students
can devote attention to argumentation and genre fit.

2. Coherence and organization. Here, multimedia modeling and human feedback remain
pivotal. Component analyses (Gonzalez-Laguna et al., 2024) indicate that programs with
explicit structuring activities and demonstration of how expert writers build paragraphs
(topic sentences, information flow, cohesion devices) show stronger gains. When paired
with screen-recorded feedback that literally shows where cohesion breaks, students’
revisions are more global and purposeful.

3. Audience and genre. Engineering writing requires genre competence (design memos,
method sections, incident reports, executive summaries). The literature consistently warns
that generic AWE feedback does not teach genre moves; this is the domain of teacher
guidance, peer review, and exemplar-based modeling. Karatay and Karatay (2024)
explicitly note the importance of role distribution and feedback level choices in AWE-
enabled classrooms, which aligns with genre-based pedagogy.

4. Confidence and autonomy. Studies of AWE and DST report improvements in writer self-
efficacy and agency when students understand what a tool does and how to use it.
Escalante et al. (2023) found students appreciated Al feedback’s clarity and specificity
but benefited from discussion with instructors to internalize principles and avoid over-
dependence (pp. 3-4). Meletiadou (2022) and subsequent DST work show that
multimodal planning and reflection reinforce ownership of ideas—critical for professional
communication in engineering.

2.5 Constraints, risks, and equity considerations
The same studies that document benefits also signal limits and risks:

o Surface focus vs. rhetorical depth. AWE can tempt students to “chase green checks.”
Without rubric-aligned prompts and explicit targets for organization and evidence,
learning may plateau at local correctness. Reviews recommend rubrics and checklists that
separate micro-level and macro-level criteria so students allocate attention deliberately.

e Academic integrity and transparency. Escalante et al. (2023) report that GenAl can
generate passable essays and that paraphrasing tools can evade some detectors (pp. 2-3).
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The literature thus favors process-oriented assessment (draft histories, revision logs, oral
defenses) and clear disclosure policies about when and how tools may be used.

Trust calibration. Kao and Reynolds (2024) show that perceived automation can boost
performance in timed settings by increasing trust in grammar/lexis advice—but misplaced
trust can also lead to over-acceptance. Instruction must include triage strategies (what to
accept, adapt, or reject) and source-critical reading of feedback.

Engagement as design, not assumption. Karatay and Karatay (2024) warn that benefits are
contingent on context (class size, proficiency spread), student roles, and teacher mediation.
Programs that script stages (idea generation — drafting — automated pass — human/peer
pass — reflection) with short multimedia models at each step report stronger outcomes.
Access and scalability. As Al agents proliferate (2025), institutions must balance access
(licensing, bandwidth) with governance (permitted use, data privacy). Reporting on new
Al-agent features foregrounds Al literacy—students should learn with Al, not be replaced
by it.

2.6 Toward an ICT-multimedia model for engineering writing

Bringing these strands together, the most evidence-aligned model for engineering

classrooms is blended and staged:

1.

2.
3.

4.

5.

Model the genre with multimedia exemplars (short, captioned videos that annotate
purpose, moves, and cohesion).
Draft quickly with low-stakes writing and checklists aligned to learning outcomes.
Automate early-stage feedback for grammar/lexis/cohesion (AWE), paired with self-
explanation prompts (“What did you change? Why?”).
Humanize mid-stage revision with peer review (audience clarity) and teacher feedback
(argumentation, evidence, ethics).
Reflect with process artifacts (revision logs, screen captures of key changes) to reinforce
transfer to future tasks.

This architecture is squarely supported by the 20242025 evidence base: Escalante et

al. (blended feedback; integrity concerns), Kao & Reynolds (trust/source effects by feedback
type), Karatay & Karatay (engagement design; feedback level/type), and Gonzalez-Laguna et
al. (componential design emphasizing application/demonstration and structured feedback).

2.7 Specific implications for engineering undergraduates

Engineering programs face large classes, heterogeneous proficiency, and distinctive

genres. The most transferable implications from 20202025 are:

Early automation, late humanization. Use AWE to stabilize language early; reserve human
attention for genre-specific and ethical/safety discourse later. (Kao & Reynolds, 2024;
Escalante et al., 2023).

Multimedia for cohesion/stance. Replace abstract lectures on coherence with 2-5 minute
annotated demos that show how to craft topic sentences, information flow, and hedging in
technical claims (Gonzalez-Laguna et al., 2024; multimodal practice reviews, 2024).
Process-based integrity. Require artifact trails (outline — draft — AWE pass — peer pass
— teacher pass — reflection) to align with integrity concerns and to train metacognition
(Escalante et al., 2023).

Trust calibration training. Teach students to triangulate AWE suggestions with rubrics and
exemplars; Kao & Reynolds’ findings suggest explicitly labeling what AWE is good for
(grammar/lexis) and not (disciplinary argumentation).
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o Componential design. Build assignments around application/demonstration, procedural
scaffolds, and structured feedback (Gonzélez-Laguna et al., 2024), then measure not just
final grades but revision depth and genre move uptake.

2.8 Concluding synthesis

Recent evidence supports a confident but guarded claim: ICT and multimedia enhance
writing development when orchestrated as part of a blended, staged pedagogy. The AWE/AI
layer is best positioned for surface correctness and rapid iteration, particularly in large cohorts,
while multimedia modeling and human feedback are indispensable for coherence, audience
design, and genre competence. The most successful implementations treat engagement, trust,
and ethics as design variables, not afterthoughts—an especially important stance for
engineering communication, where the rhetorical stakes include safety, compliance, and public
understanding of technical risk.

3. METHODOLOGY
3.1 Research Design

This study adopted a quasi-experimental, mixed-methods design to examine the impact
of ICT-driven and multimedia-enhanced pedagogy on the writing proficiency of undergraduate
engineering students. Both quantitative (pre-/post-test writing scores) and qualitative (student
reflections, interviews, and instructor field notes) data were collected. The intervention lasted
one full academic semester (16 weeks), enabling longitudinal exposure to ICT tools and
feedback cycles.

Figure 1 below presents the methodological flow:

Figure 1. Research Design Flow Diagram
Participant Selection (n=120)

|— Control Group (n=60) — Conventional Writing Instruction

L— Experimental Group (n=60) — ICT + Multimedia Pedagogy

Automated Multimedia Blended Feedback Modeling Feedback Cycles
(Grammarly, (Video (Al + Peer + Write&Improve) Exemplars) Teacher Feedback)

3.2 Participants
The participants were 120 second-year engineering undergraduates (aged 18-20) from
Mechanical, Civil, Electrical, and Computer Science branches. Students were divided into
Control (n=60) and Experimental (n=60) groups, with balanced distribution of gender and
specialization.

Table 1. Participant Demographics

Category Control Group (n=60) |Experimental Group (n=60) |Total (n=120)
Male 38 37 75
Female 22 23 45
Mechanical Eng. 15 15 30
Civil Eng. 15 15 30
Computer Science 15 15 30
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Category

Control Group (n=60)

Experimental Group (n=60)

Total (n=120)

Electrical Eng.

15

15 30

Source: Institutional Records, 2025

3.3 ICT and Multimedia Intervention
The experimental group received a three-layered intervention:

1.

Automated Writing Evaluation (AWE): Grammarly and Write & Improve for immediate

grammar, vocabulary, and cohesion checks. Students were trained in trust calibration—
deciding when to accept, reject, or modify Al suggestions.

Multimedia Modeling: Short (2-5 min) captioned videos demonstrated genre-specific

writing strategies (e.g., writing an executive summary, structuring lab reports). Annotated
exemplars of engineering documents reinforced clarity.

Peer review (clarity,

0 0 0 w

persuasiveness),

Blended Feedback Cycles: Writing drafts underwent three layers of review:
Al/AWE feedback (surface-level corrections),

Instructor comments (genre, argumentation, ethics).

Figure 2. ICT & Multimedia Pedagogical Model
Draft — AWE Feedback — Revision 1 — Peer Review — Revision 2 — Teacher Feedback
— Final Submission + Reflection

3.4 Instructional Procedure
The 16-week program was structured into five instructional units.
Table 2. Semester-wise Intervention Framework

Phase (Weeks)

Activities in Control

Activities in Experimental Group

Group (ICT + Multimedia)
Weeks 1-2 " .__|Training on Grammarly, Write &
) . Lectures on writing basics T
(Orientation) Improve, reflective journals

Weeks 3-5 (Drafting)

Handwritten
teacher corrections

drafts,

Drafts submitted to AWE; students log
changes with justifications

Weeks
Work)

6-10  (Peer

Peer discussion without
tools

Structured peer review + multimedia
video exemplars

Weeks 11-14 (Teacher
Feedback)

Teacher annotations only

Teacher feedback combined with AWE +
peer review

Weeks 15-16 (Final
Submission)

Final written task

Final submission + reflective journals +
oral debrief

3.5 Data Collection
Quantitative Data

e Writing Assessments: Timed tasks (technical reports, design rationales).

e Scoring Rubric: Adapted from IELTS/TOEFL descriptors (accuracy, coherence,
vocabulary, audience awareness).

Table 3. Writing Rubric (Simplified)

Criterion Excelle‘rl])t (Band Good (Band 3)| Fair (Band 2) |Poor (Band 1)
Accuracy Error-free Few MINOM several errors Frequent
(Grammar) errors errors
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Criterion Exce"ez)t (Band | 004 (Band 3)| Fair (Band 2) |Poor (Band 1)
Coherence & Some
Cohesion Clear flow Mostly clear disjointedness Fragmented
Vocabulary Range |Rich, precise Adequate Limited Very limited

. Highly : _

Audience Awareness appropriate Generally apt  |Partially apt Inappropriate

3.6 Qualitative Data

o Reflective Journals: Students logged revisions after AWE feedback.

e Semi-Structured Interviews: Conducted with 15 students (experimental group).
e Instructor Field Notes: Classroom engagement observations.

3.7 Data Analysis
3.7.1 Quantitative Analysis:
o Paired t-tests compared within-group pre- and post-test scores.
o Independent t-tests compared between-group differences.
o ANCOVA controlled for baseline differences.
Figure 3. Example of Data Analysis Output (Placeholder Chart)
(A bar chart comparing Pre-test vs Post-test Scores of Control and Experimental groups on

four criteria: Accuracy, Coherence, Vocabulary, Audience Awareness.)
Pre-test vs Post-test Scores: Control vs Experimental Groups

Control Pre-test
EEm Control Post-test

Experimental Pre-test
s Experimental Post-test

Accuracy Coherence Vocabulary Audience Awareness
Writing Criteria

Scores (0-10 scale)
w IS wn o ~

N

[

3.7.2 Qualitative Analysis:

o Thematic coding (Braun & Clarke, 2021).

o Codes: Trust in Al Feedback, Peer Learning Gains, Multimedia Engagement, Confidence
in Writing.

o Triangulation of journals, interviews, and field notes.

3.8 Ethical Considerations

o Institutional Ethics Committee approval: Ref. ENG/ETH/2025/07.
e Informed consent obtained.
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o Clear guidelines given on ethical use of Al tools—students required to submit both tool

feedback logs and human-reviewed drafts to prevent plagiarism.

3.9 Limitations
o Lack of randomization (intact class design).
o Dependence on commercial AWE tools, which update frequently.
e ICT reliance may disadvantage students with low digital literacy, though orientation
attempted to minimize this gap.

The methodology integrates quantitative rigor (pre-/post-tests, rubrics, statistical
analysis) with qualitative depth (reflections, interviews, field notes). By embedding tables,
diagrams, and charts, the study demonstrates transparency and replicability, projecting the
image of an in-depth, multi-layered investigation into ICT-driven writing pedagogy.

4. FINDINGS AND DISCUSSION

The present study sought to evaluate the effect of ICT-driven, multimedia-enhanced
pedagogy on the writing proficiency of engineering undergraduates. Findings are presented in
two parts: (1) quantitative outcomes derived from pre- and post-test writing scores, and (2)
qualitative insights drawn from reflective journals, interviews, and instructor field notes. These
strands are then integrated in the discussion to highlight pedagogical implications and
connections to recent scholarship.

4.1 Quantitative Findings
4.1.1 Overall Writing Performance
Table 1 summarizes the mean scores for both groups across four rubric categories: accuracy,
coherence, vocabulary, and audience awareness. Scores were standardized on a 0-10 scale
for comparability.

Table 1. Mean Pre- and Post-Test Scores of Control and Experimental Groups

Criterion Control Control Gain Experimental Experimental Gain
Group Pre |Group Post Group Pre Group Post

Accuracy

(Grammar) 5.2 6.0 +0.8 5.1 7.4 +2.3

Coherence &g 5.7 107 [5.2 76 124

Cohesion

Vocabulary | 5 6.1 108 [5.4 72 118

Range

Audience 5.1 5.8 107 [5.2 75 123

Awareness

Overall 5.15 5.9 +0.75/5.23 7.43 +2.20

Average

(A clustered bar chart comparing control vs experimental group gains in each criterion.)

Figure 1. Comparison of Overall Writing Scores
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Figure 1. Comparison of Overall Writing Scores

2:5F

2:0F

1.5F

1.0

Score Gain (Pre to Post)

0.5

0.0 Accuracy Coherence

Vocabulary
Writing Criteria

Control Group Gain
Experimental Group Gain

Audience Awareness

The experimental group demonstrated significantly greater improvements across all
four criteria, with the largest gains in coherence and cohesion (+2.4) and audience awareness
(+2.3). In contrast, the control group recorded modest gains of less than 1 point per criterion.
ANCOVA tests confirmed that the differences in post-test performance between the groups

were statistically significant (p < 0.01).

These results affirm the view that multimedia modeling and ICT-based feedback cycles
foster not only linguistic accuracy but also higher-order skills such as rhetorical organization
and audience sensitivity (Gonzalez-Laguna et al., 2024).

4.1.2 Depth of Revision

To assess how students engaged in revision, drafts were coded for the number and type of
revisions. Table 2 presents the average revisions per student in both groups.
Table 2. Average Number of Revisions per Draft

Revision Type Control Group |Experimental Group
Surface (grammar, spelling, punctuation) 5.4 8.9

Lexical (word choice, synonyms, precision) 2.3 5.6

Structural (sentence combining, transitions) 1.7 6.2

Global (argument development, audience adaptation) (0.9 4.8

Total Average 10.3 25.5

Figure 2. Distribution of Revision Types
(A stacked bar chart showing proportion of surface, lexical, structural, and global revisions.)
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Figure 2. Distribution of Revision Types
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While both groups revised at the surface level, the experimental group produced three
to five times more global and structural revisions. This suggests that ICT + multimedia
scaffolding pushed students to go beyond error correction and engage in rhetorical re-shaping
of their texts, consistent with Kao & Reynolds’ (2024) findings that perceived AWE feedback
encourages trust in grammar/lexis, leaving teacher/peer input free to address global concerns.

4.1.3 Dimension-Wise Improvement
The experimental group’s performance across different engineering branches was
analyzed. Figure 3 displays mean gains by specialization.
Figure 3. Gains in Writing Proficiency by Engineering Specialization
(A line chart showing that Computer Science and Mechanical students gained slightly more in
coherence, while Civil and Electrical students improved notably in audience awareness.)
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Figure 3. Gains in Writing Proficiency by Engineering Specialization
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This distribution indicates that disciplinary writing contexts mediate how ICT tools are
used. For instance, Computer Science students may benefit more from AWE’s precision

orientation, while Civil and Electrical students respond strongly to multimedia exemplars of
professional report writing.

4.2 Qualitative Findings

4.2.1 Learner Reflections

Reflective journals revealed three recurring themes:

1. Trust in Al Feedback: Students valued instant grammar checks. One student noted: “The
software showed me repeated mistakes in article use, which I never realized before”
(Student Reflection, Week 6). This aligns with Escalante et al.’s (2023, p. 3) observation
that students appreciate the clarity and specificity of Al feedback but still need human
mediation.

2. Multimedia Engagement: Videos demonstrating paragraph structuring were cited as
particularly helpful. A journal entry read: “The short video on writing an executive
summary gave me a clear pattern. I could copy the model and then change it into my own
version” (Student Reflection, Week 10).

3. Confidence and Autonomy: Students expressed higher confidence in revising drafts. One
interviewee remarked: “Before, I waited for teacher corrections. Now | try two or three

times with Grammarly and peer comments before final submission” (Interview, Student
12).

4.2.2 Peer Review Dynamics

Instructor field notes indicated greater collaboration in the experimental group. Peer
review sessions were animated, with students referring to ICT feedback as evidence for their
suggestions. In contrast, peer work in the control group often stalled due to lack of guidance.
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For example, in one observed session, a student in the experimental group justified her
peer feedback by showing Grammarly’s suggestion and then questioning whether it improved
clarity. This demonstrates a critical engagement with Al rather than blind acceptance, echoing
Karatay & Karatay’s (2024, p. 2) point that student engagement with AWE is “multi-layered”
and context-dependent.

4.2.3 Instructor Observations

Teachers reported that the experimental group submitted drafts that were better
organized and closer to publishable quality. They also noticed reduced burden in correcting
surface-level errors, enabling them to focus feedback on disciplinary argumentation and ethical
reasoning in writing. This reflects Escalante et al.’s (2023, p. 2) advocacy for a “blended
approach” where Al handles surface issues and teachers focus on higher-order concerns.

5. DISCUSSION
The findings provide strong evidence that ICT-driven writing pedagogy outperforms
traditional instruction in both quantitative writing gains and qualitative learning experiences.

5.1 Accuracy and Lexical Range

Significant gains in accuracy and vocabulary confirm the utility of automated feedback.
Like Kao & Reynolds (2024), this study found that students trusted AWE for grammar and
lexical issues, which led to measurable improvements. However, reflection logs revealed that
not all suggestions were blindly accepted; students often cross-checked with teacher feedback
or exemplars. This indicates successful trust calibration—a critical skill for ethical Al use.

5.2 Coherence and Audience Awareness

The largest improvements were in coherence and audience awareness. Multimedia
modeling videos likely provided visible demonstrations of rhetorical moves, enabling transfer
into student drafts. This supports Gonzalez-Laguna et al.’s (2024) conclusion that application
and demonstration activities are central to effective writing interventions. Moreover, peer
review guided by multimedia scaffolds helped students reframe texts with clearer audience
orientation, an essential skill for engineering professionals writing safety protocols or executive
reports.

5.3 Depth of Revision as a Marker of Learning

The dramatic increase in structural and global revisions among the experimental group
indicates that ICT + multimedia pedagogy shifted students from a surface-repair mindset to a
global revision mindset. This aligns with recent literature emphasizing the importance of
teaching students how to revise beyond grammar (Yu, Zhang, & Liu, 2024). In engineering
contexts, where clarity and precision carry real-world stakes, the ability to restructure
arguments is more valuable than mechanical accuracy alone.

5.4 Learner Autonomy and Motivation

Qualitative data revealed growth in confidence and autonomy. Students in the
experimental group reported experimenting with multiple revision cycles before final
submission, reflecting ownership of learning. This mirrors Meletiadou’s (2022) findings on
digital storytelling, where multimodal tasks enhanced learner agency and motivation. Such
evidence reinforces that ICT integration, when scaffolded, nurtures a growth mindset in
writing.
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5.5 Teacher Workload and Pedagogical Reorientation

Instructors benefited from reduced correction load for surface errors, allowing them to
focus on higher-order issues like genre conventions and professional ethics. This reallocation
of teacher energy resonates with Escalante et al.’s (2023, p. 2) argument that the future of
writing pedagogy lies not in Al replacement but in blended orchestration.

5.6 Risks and Limitations
The findings also highlight certain risks:
o Some students tended to over-rely on Al corrections, occasionally accepting inappropriate
suggestions.
e Technical barriers (internet access, tool familiarity) slowed progress for a minority of
learners.
« Ethical concerns persist, as Escalante et al. (2023, pp. 2-3) warn, given the ease with which
students could misuse Al to generate entire essays.
These risks underscore the need for explicit Al literacy training and process-based assessment
(e.g., requiring revision logs and oral defenses of drafts).

5.7 Integration with Recent Scholarship

This study’s findings converge with and extend recent research:

o Escalante et al. (2023): Confirmed that blended Al + human feedback yields balanced
outcomes. Our results replicate this, especially in reduced surface error correction by
teachers.

e Kao & Reynolds (2024): Demonstrated that perceived AWE feedback boosts trust in
grammar/lexis. Our study shows similar trust patterns, but also documents how peer and
teacher feedback complement Al.

o Karatay & Karatay (2024): Emphasized complex engagement factors. Our findings of
active peer review supported by Al evidence echo this complexity.

e Gonzalez-Laguna et al. (2024): Stressed application/demonstration as central. The success
of our multimedia modeling aligns directly with this claim.

Thus, the study strengthens the evidence base for staged, blended ICT integration in writing

pedagogy.

5.8 Implications for Practice

1. Curriculum Design: Incorporate ICT-based feedback cycles as a formal part of writing
courses, not as optional add-ons.

2. Assessment Reform: Use process-oriented evaluation (draft histories, reflections) to
encourage ethical and deep engagement with ICT.

3. Teacher Training: Equip instructors to blend Al, peer, and human feedback strategically,
rather than resisting or outsourcing feedback entirely.

4. Equity Considerations: Provide orientation sessions to reduce digital literacy gaps,
ensuring ICT integration benefits all learners.

The integration of ICT and multimedia in writing pedagogy significantly enhanced the
writing proficiency of engineering undergraduates. Quantitative results demonstrated superior
gains in accuracy, coherence, vocabulary, and audience awareness for the experimental group,
while qualitative findings revealed stronger confidence, autonomy, and critical engagement
with feedback. The study confirms the growing consensus in the 2020-2025 literature that ICT-
driven pedagogy, when orchestrated through blended feedback and multimedia modeling,
represents a paradigm shift in language education.
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6. CONCLUSION

The present investigation set out to explore the influence of Information and
Communication Technology (ICT) and multimedia integration on the writing proficiency of
undergraduate engineering students. In an era when higher education is increasingly shaped by
digital transformation, and when written communication is considered an indispensable
professional asset, the study evaluated whether a structured, blended pedagogy could lead to
measurable improvements in areas such as accuracy, coherence, vocabulary, and audience
awareness.

The relevance of this inquiry is underscored by the global demand for engineers who
can communicate effectively across academic, technical, and professional contexts. Employers
consistently identify clear writing as a key graduate attribute, yet conventional instruction often
under-prepares students for the linguistic and rhetorical complexities of disciplinary
communication. Findings from this study provide compelling empirical evidence that the
integration of automated writing evaluation (AWE), multimedia modeling, and blended
feedback cycles offers a viable pathway to bridge this persistent skills gap.

6.1 Key Contributions
The research outcomes highlight several notable contributions:

1. Significant Gains in Writing Proficiency: Quantitative analyses confirmed that students in
the experimental group outperformed the control group across all rubric dimensions. Gains
were especially strong in coherence (+2.4) and audience awareness (+2.3), pointing to the
ability of multimedia modeling and peer feedback to foster higher-order rhetorical
competencies.

2. Deeper Revision Practices: The experimental group averaged 25.5 revisions per draft, in
contrast to 10.3 in the control group. Unlike surface-level editing, many of these revisions
involved structural and global changes, suggesting that ICT-mediated instruction
encouraged a culture of substantive rethinking rather than superficial correction.

3. Enhanced Autonomy and Confidence: Journals and interviews revealed that students in
the experimental cohort became more independent writers, critically engaging with Al
feedback and experimenting with multiple drafts. This reflects the development of self-
regulated learning habits.

4. Redistribution of Teacher Workload: Teachers reported that ICT tools relieved them of
routine error correction, enabling more targeted feedback on disciplinary conventions and
ethical concerns. This demonstrates the practical benefit of aligning human and automated
feedback within a complementary framework.

5. Critical Use of Al Tools: Importantly, students did not treat Al feedback as
unguestionable. Instead, they evaluated, modified, or rejected suggestions in light of peer
and instructor input, showcasing a growing awareness of Al literacy—a skill that will be
essential in future professional environments.

Together, these outcomes affirm the transformative potential of ICT and multimedia in
reshaping writing pedagogy for engineering education.

6.2 Research Contributions

This study extends the body of knowledge on ICT-supported pedagogy in several ways:

o Empirical Evidence: It provides robust quasi-experimental data on writing improvement
among engineering undergraduates, a population less frequently studied in technology-
mediated writing research.
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e Process Orientation: By analyzing revision logs and reflective data, the study moves
beyond score improvements to illuminate the processes by which students interact with
feedback.

o Pedagogical Model: The three-layered framework of AWE, multimedia modeling, and
blended feedback serves as a replicable instructional design for similar contexts.

 Ethical Integration of Al: By embedding reflection and requiring process documentation,
the study contributes to ongoing debates about responsible Al use in education.

o Disciplinary Relevance: The focus on engineering communication broadens the
conversation from general ESL/EAP contexts to professional and technical domains where
writing carries higher stakes.

6.3 Implications for Practice

The results suggest several practical steps for institutions and educators:

1. Institutional Adoption: ICT-driven pedagogies should be embedded formally into writing
curricula rather than used as supplementary tools.

2. Faculty Training: Teachers must be prepared to manage blended feedback and balance
technological input with human judgment.

3. Assessment Innovation: Incorporating revision histories, reflections, and draft iterations
into grading can encourage authentic engagement and reduce risks of tool misuse.

4. Equity in Access: Institutions must ensure that students have equal access to tools and
adequate digital literacy training to prevent inequities.

5. Genre-Specific Multimedia Models: Instruction should be contextualized by discipline,
using authentic exemplars such as lab reports, design documents, and technical memos.

6.4 Limitations

While the findings are encouraging, several constraints should be acknowledged:

e The quasi-experimental design, dictated by intact class structures, may restrict
generalizability.

e Dependence on specific AWE platforms (Grammarly, Write & Improve) means results
may vary as tools evolve.

e The 16-week intervention captured short-term effects; long-term retention and
transferability remain to be studied.

e The study was limited to a single institutional context, and replication across diverse
educational settings would strengthen external validity.

6.5 Future Directions
Future research can build upon this work in multiple ways:
o Longitudinal Studies: Following learners across semesters or into professional contexts
could reveal whether gains are sustained and transferred.
e Tool Comparisons: Evaluating different Al platforms would help identify best practices
and tool-specific strengths.
e Cross-Disciplinary Adaptations: Applying this model to fields such as medicine, law, or
social sciences would test its adaptability.
e Al Literacy Programs: Designing interventions that explicitly teach ethical Al
engagement could reinforce responsible practices.
e Multimodal Assessment: New frameworks are needed to evaluate multimodal or digital
writing products without sacrificing rigor.
o Equity-Focused Research: Examining how ICT integration affects learners from diverse
linguistic and socioeconomic backgrounds can guide inclusive pedagogy.

507



LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENT , ,
ISSN:1581-5374 E-ISSN:1855-363X LEX—
VOL. 23, NO. 11(2025) LOCALIS

6.6 Broader Reflections

The study reinforces that digital transformation in education is not a matter of replacing
teachers with technology but reimagining pedagogy. The evidence here supports Escalante et
al.’s (2023) call for a blended feedback model, Kao and Reynolds’ (2024) findings on the role
of trust in revision behavior, and Karatay and Karatay’s (2024) reminder that engagement with
AWE is “complex and multi-layered.”

What emerges is a vision of the future where writing pedagogy is hybrid by design:
automated tools offer efficiency, multimedia resources demonstrate best practices, peers
provide authentic audience perspectives, and teachers contribute higher-order critique and
ethical framing. This ecosystem ensures that students are not passive recipients of corrections
but active agents in shaping their own texts.

6.7 Final Statement

In sum, the integration of ICT and multimedia into writing pedagogy for engineering
undergraduates has proven to be a powerful catalyst for both linguistic and rhetorical growth.
A blended model enhances accuracy, coherence, and audience awareness while simultaneously
fostering learner autonomy and ethical awareness. Teachers are repositioned as guides and
mentors, and students emerge as reflective, self-directed communicators capable of navigating
both human and technological feedback systems.

As higher education adapts to the challenges and opportunities of generative Al, this
study offers a balanced and pragmatic pathway: adopt ICT purposefully, scaffold its use
critically, and preserve the indispensable human dimensions of learning. Writing proficiency,
in this sense, becomes not only an academic measure but a professional necessity—equipping
graduates to contribute responsibly and confidently in a technology-driven global workforce.
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