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ABSTRACT This study investigated the impact of multimodal instruction on learning gains, engagement, and retention
among 240 undergraduate STEM students at a Philippine state university. Using a mixed-method quasi-experimental
design, researchers compared traditional lectures against a multimodal environment featuring videos, simulations, and
interactive tasks. The results were decisive, wherein the multimodal group achieved significantly higher post-test scores
(p<0.01), demonstrated superior four-week knowledge retention, and increased material engagement by 35 percent.
Qualitative data highlighted themes of enhanced motivation and accessibility, though some participants reported cognitive
overload from excessive multimedia. Ultimately, the study confirms that multimodal instruction effectively boosts
performance and inclusivity in STEM. These findings advocate for the strategic integration of digital pedagogies in higher
education while emphasising the need for thoughtful multimedia design to balance cognitive load.

INTRODUCTION

In recent decades, the increasing diversity of
student populations and the rapid advancement
of educational technology have triggered a shift in
how instruction is delivered in higher education,
particularly within science, technology, engineer-
ing, and mathematics (STEM) disciplines. Tradi-
tional lecture-based approaches, which rely heavi-
ly on verbal exposition and passive note-taking,
are increasingly challenged by pedagogical para-
digms that emphasise active, multimodal, and learn-
er-centred approaches. Indeed, research into mul-
timodal instruction suggests that combining ver-
bal, visual, and interactive modes of teaching en-
hances cognitive processing and may better align
with learners’ varied preferences (Arifin et al. 2025)
and with contemporary understandings of engagement
(Possaghi et al. 2025).

However, despite this promising trend, many
undergraduate STEM classrooms, especially in
state and regional universities, continue to depend
primarily on conventional formats. While multimo-
dal learning has been explored in K-12 contexts,
teacher professional development, and language
learning, there is comparatively less empirical evi-
dence within introductory science courses in the
Philippine higher education context. Systematic
reviews highlight some persistent limitations, for
example, although multimodal stimuli can increase

engagement, they can also inadvertently introduce
cognitive overload if poorly designed (Mou et al.
2023). Furthermore, recent analytics-based stud-
ies note that most research examines only behav-
ioural engagement (for example, clicks, time-on-
task) rather than integrating cognitive and affec-
tive dimensions of learning engagement (Oppa-
ghi and Cheng 2024). These gaps are especially
relevant for STEM courses like introductory biol-
ogy and physics, where abstract and complex con-
cepts require both deep conceptual understanding
and sustained retention.

Against this backdrop, there is a clear need to
investigate how multimodal instructional strate-
gies perform in the context of STEM general-edu-
cation courses in a Philippine state university.
Specifically, does blending interactive videos, sim-
ulations, infographics and traditional text create
measurable advantages in student learning gains,
engagement, and knowledge retention compared
with lecture-only instruction? Moreover, how do
students themselves perceive the affordances and
challenges of multimodal learning in this context?
Addressing these questions is vital for advanc-
ing both theory and practice. Theoretically, it helps
extend multimedia and dual-coding frameworks into
under-researched higher-education STEM set-
tings, while practically, it can inform curriculum
designers and instructors aiming to foster engage-
ment and inclusive learning in diverse classrooms.
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Therefore, this study examines the effective-
ness of multimodal instruction within introductory
biology and physics courses at a state university
in the Philippines. A quasi-experimental mixed-meth-
ods design was employed with 240 undergraduate
students to compare a multimodal instructional
condition against a traditional lecture-based ap-
proach. The key outcomes investigated include
learning gains (pre- and post-test results), engage-
ment (measured by time-on-task and interaction
metrics), and knowledge retention (delayed post-
test). Complementary qualitative data from focus
group discussions provide insight into students’
experiences of personalisation, accessibility, moti-
vation, and cognitive load. By integrating quanti-
tative and qualitative evidence, this study offers a
holistic understanding of multimodal instructional
effectiveness in a STEM higher-education con-
text. The findings are expected to contribute to the
evolving discourse on digital pedagogy and to
provide actionable guidance for implementing
multimodal strategies in resource-constrained higher
education settings.

The primary objective of this study was to ex-
amine the effectiveness of multimodal instruction
in enhancing students’ learning outcomes, engage-
ment, and knowledge retention in introductory bi-
ology and physics courses at a state university in
the Philippines. Specifically, this study aimed to
determine the effect of multimodal instruction on
students’ learning gains, as measured by the dif-
ference between pre-test and post-test performance
compared to traditional lecture-based instruction,
assess the level of student engagement in a multi-
modal learning environment by analysing interac-
tion frequency, time spent on learning materials,
and participation in interactive tasks and evaluate
the retention of knowledge among students ex-
posed to multimodal instruction through follow-
up assessments conducted four weeks after the
intervention. Furthermore, the study aims to ex-
plore students’ perceptions and experiences of
multimodal learning, focusing on themes such as
personalisation, accessibility, motivation, and cognitive
challenges.

METHODOLOGY

This study adopted a quasi-experimental mixed-
method design to examine the effects of multimo-
dal instructional materials on students’ learning

performance, engagement, and retention in intro-
ductory biology and physics courses at a state
university in the Philippines. The mixed-method
approach combined quantitative and qualitative
data collection and analysis to provide a compre-
hensive understanding of how different instruc-
tional modalities influence student learning out-
comes and experiences. The quantitative compo-
nent assessed measurable indicators such as learn-
ing gains, engagement metrics, and knowledge re-
tention, while the qualitative component explored stu-
dents’ perceptions and experiences with the instruc-
tional design. This design was appropriate for the
study’s objective, as it allowed both statistical vali-
dation and contextual interpretation of findings
(Creswell and Creswell 2023; Shorten and Smith 2017).

A total of 240 undergraduate students partici-
pated in the study during the first semester of Ac-
ademic Year 2024-2025. The participants were en-
rolled in introductory biology and physics cours-
es offered under the general education curriculum.
Using a cluster random sampling technique, intact
classes were randomly assigned to either the ex-
perimental (multimodal) or control (traditional)
group to prevent cross-contamination. Each in-
structional condition included 120 students, even-
ly distributed between biology and physics class-
es. All participants were aged between 17 and 21
years, representing diverse academic backgrounds.
Participation was voluntary, and informed consent
was secured prior to data collection. The study
was conducted following approval from the university’s
Institutional Research Ethics Committee.

The instructional intervention lasted for six
weeks, with both groups covering the same topics,
learning outcomes, and assessments. The multimo-
dal group received instruction through interactive
videos, digital simulations, infographics, and online
readings hosted on the university’s learning man-
agement system (LMS). These materials were de-
signed following Mayer’s (2014) principles of multi-
media learning and incorporated multiple sensory
channels to enhance understanding. The tradition-
al group, by contrast, received teacher-led lectures
supported by printed handouts and static Microsoft
PowerPoint slides. Both groups were facilitated by
the same instructors to control for teaching variabil-
ity and ensure consistency in lesson content and
assessment conditions.

To measure student learning outcomes, a 40-
item multiple-choice achievement test was devel-
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oped for each subject area (biology and physics).
The items were constructed based on the Commis-
sion on Higher Education’s (CHED) prescribed
course learning outcomes. The tests were subject-
ed to expert validation and pilot testing, resulting
in a Cronbach’s alpha of 0.89, confirming high in-
ternal reliability. The tests were administered as
pre-tests and post-tests to evaluate students’
knowledge before and after the instructional inter-
vention. To assess retention, a delayed post-test
was conducted four weeks after the completion of
the program using an equivalent test form with
parallel difficulty and content structure.

Student engagement was measured using LMS
analytics and classroom observation. For the mul-
timodal group, engagement was operationalised
as the time spent interacting with digital materials
and the frequency of logins and activity comple-
tion within the LMS. The control group’s engage-
ment was determined through attendance monitor-
ing and self-reported study logs. These data pro-
vided quantitative evidence of differences in student
involvement between instructional conditions.

To complement the quantitative findings, qual-
itative data were collected through semi-structured
focus group discussions (FGDs) involving a pur-
posive sample of sixty students drawn from both
experimental and control groups (30 per group).
Each focus group consisted of ten participants
and lasted approximately one hour. The discus-
sions explored themes such as personalisation,
accessibility, motivation, and cognitive challeng-
es experienced during learning. Sessions were au-
dio-recorded, transcribed verbatim, and analysed
using thematic analysis following Braun and Clar-
ke’s (2021) six-phase model of familiarisation, cod-
ing, theme identification, review, definition, and
reporting. NVivo software facilitated systematic
coding and management of qualitative data. Re-
searcher triangulation and participant validation en-
sured the credibility and trustworthiness of qualitative
interpretations.

Quantitative data were analysed using SPSS
version 26. Descriptive statistics, including mean
and standard deviation, were computed to sum-
marise pre-test and post-test results. Paired-sam-
ple t-tests were employed to determine within-
group improvements, while independent-sample
t-tests compared post-test and retention scores
between the experimental and control groups. Anal-
ysis of variance (ANOVA) was also conducted to

assess interaction effects between instructional
modality and subject area (biology vs. physics).
Statistical significance was established at the p <
.05 level, and Cohen’s d was computed to measure
the effect size of observed differences.

Throughout the research process, ethical prin-
ciples were strictly upheld. Participants were briefed
on the study’s objectives, assured of anonymity,
and informed that their participation was volun-
tary and would not affect academic standing. All
digital and written data were anonymised and se-
curely stored. The study adhered to the ASEAN
Research Organization (n.d.) and the Commission
on Higher Education (2019), which outline ethical
standards for human research in higher education
institutions in the Philippines.

To ensure methodological rigour, the study
employed multiple strategies to establish validity
and reliability. Content validity was ensured
through expert review of instruments, and internal
consistency reliability was verified through pilot
testing. Construct validity was achieved by align-
ing assessment tools with official course learning
outcomes. For the qualitative phase, credibility was
enhanced through triangulation, peer debriefing,
and participant feedback. Detailed documentation
of the procedures and contextual information sup-
ports the transferability of findings to similar
instructional settings in higher education.

Overall, this methodological framework provid-
ed a robust basis for investigating the effective-
ness of multimodal instruction in improving stu-
dent learning outcomes in science education. By
combining quantitative precision with qualitative
insight, the study offered both statistical evidence
of the benefits of multimodal learning and an in-
depth understanding of students’ lived experienc-
es within digitally enhanced environments. This
integrated approach ensures that the findings con-
tribute meaningfully to pedagogical innovations
in higher education and support evidence-based
decisions on technology integration in instruction.

RESULTS

This section presents the findings of the study
examining the effects of multimodal instruction on
undergraduate students’ learning gains, engage-
ment, and retention in introductory biology and
physics courses. Quantitative data from pre- and
post-tests and learning-management-system



MULTIMODAL LEARNING IN SCIENCE EDUCATION 275

Int J Edu Sci, 53(3): 272-281 (2026)

(LMS) analytics were triangulated with qualitative
insights from focus group discussions (FGDs) to
provide a comprehensive understanding of the
instructional impact.

Learning Gains

The pre-test and post-test analysis revealed a
statistically significant improvement in the perfor-
mance of students exposed to multimodal instruc-
tion. As shown in Table 1, participants in the mul-
timodal group achieved markedly higher post-test
scores (M = 86.42, SD = 5.38) than those in the
traditional instruction group (M = 78.35, SD = 6.12),
t(238) = 8.14, p < .001, with a large effect size (Cohen’s
d = 0.91). Both biology and physics students ben-
efited from the multimodal approach, though slight-
ly higher gains were observed among biology
students.

Learner Engagement

LMS analytics indicated higher engagement
among multimodal learners. On average, the exper-
imental group spent 34 percent more time interact-
ing with course content (M = 82.5 minutes per
week) than their traditionally taught peers (M =
61.5 minutes per week), t(238) = 5.76, p < .001. Stu-
dents frequently revisited multimedia lessons, sim-
ulations, and quizzes, all behaviours consistent
with self-regulated learning.

Knowledge Retention

Long-term pedagogical impact was assessed
through a delayed post-test administered four
weeks following the initial intervention. The data
in Table 1 revealed a striking disparity in knowl-
edge decay between the two cohorts. Students in
the multimodal group exhibited remarkable cogni-

tive stability, maintaining 92.3 percent of their im-
mediate post-test performance. In contrast, the
traditional group’s scores regressed to 85.7 percent, a
statistically significant decline t (238) = 4.32 (p<0.001).
This superior retention suggests that multimo-
dal instruction facilitates more robust long-term
memory consolidation. By providing integrat-
ed visual and auditory stimuli, the curriculum
likely utilised multiple encoding routes, creat-
ing redundant “mental hooks” for information
retrieval. As illustrated by the difference in reten-
tion rates, the multimodal approach effectively flat-
tened the “forgetting curve”. Rather than relying
on transient rote memorisation, participants in the
experimental group appeared to have integrated the
concepts into their long-term schema, confirming that
the depth of initial processing directly correlates with
the durability of the knowledge.

Qualitative Themes and Learner Experience

Focus group discussions enriched the quanti-
tative findings by highlighting four key themes of
personalisation, accessibility, motivation, and cog-
nitive challenges (Table 2).

Students emphasised that multimodal instruc-
tion enabled personalisation, in the form of the
flexibility to choose learning formats that matched
their preferences. This adaptability allowed self-
paced exploration and fostered confidence.

DISCUSSION

Learning Gains

The significant improvements in student per-
formance directly align with Mayer’s (2009) Cogni-
tive Theory of Multimedia Learning (CTML), which
posits that the human information-processing sys-
tem consists of two distinct, limited-capacity chan-
nels: the auditory/verbal and the visual/pictorial

Table 1: Comparison of learning performance, engagement and retention between multimodal and traditional
instruction groups

Variable Instructional group N Mean SD t(238) p Cohen’s d

Post-test Score Multimodal 120 86.42 5.38 8.14 < .001 0.91
Traditional 120 78.35 6.12

Weekly Engagement Time (minutes) Multimodal 120 82.50 10.28 5.76 < .001 0.74
Traditional 120 61.50 11.35

Retention Score Multimodal 120 79.67 6.08 4.32 < .001 0.71
Traditional 120 73.14 6.55
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channels (Mayer and Moreno 2003). By delivering
complex content through concurrent multimodal
avenues – such as narrated animations paired with
interactive simulations – the educational environ-
ment effectively bypasses the bottleneck limitations
inherent to any single cognitive channel.

From a cognitive architecture standpoint, this
dual-channel processing allows learners to split
the immediate processing demands between sepa-
rate processing loops, thereby expanding the func-
tional capacity of working memory (Mayer 2002).
Recent empirical research has heavily reinforced
this mechanism; for instance, a large-scale meta-
analysis demonstrated that strategic multimedia
design significantly reduces subjective ratings of
total cognitive load, which directly translates to
superior retention and long-term transfer perfor-
mance (Xie et al. 2017). Rather than overloading
the student, synchronized dual-coded stimuli pro-
vide structural landmarks that guide executive
attention.

As highlighted by Ceken and Taskin (2022) and
Hanifa (2025), such environments do not merely
provide superficial variety; they actively catalyze
“active processing,” wherein students must filter,
mentally organize, and seamlessly integrate incom-
ing information. Contemporary research in dis-
tance and digital environments shows that this
active process is further amplified when multime-
dia design incorporates explicit active pauses and
segmentations, preventing the passive “scrolling”
or viewing behaviours common in traditional class-
rooms (Ljubojevic et al. 2025). When instructional
elements force active mental generation, free cog-
nitive resources are successfully transformed from
an unhelpful cognitive burden into germane cog-
nitive load dedicated entirely to deep schema
construction.

Consequently, the observed conceptual mas-
tery in this study suggests that when students are
afforded both verbal and non-verbal cues, they
achieve a level of cognitive engagement that tradi-
tional text-heavy or lecture-only formats struggle
to replicate. Recent literature emphasizes that while
poorly designed digital media can induce severe vi-
sual and cognitive overload (Ljubojevic et al. 2025),
the calculated orchestration of complementary audi-
tory and visual pathways creates a highly efficient
cognitive bridge, ensuring that the limits of working
memory are treated as a canvas for schema integration
rather than a barrier to academic achievement.

Learner Engagement

The heightened engagement observed in the
LMS analytics, characterized by a 34 percent in-
crease in interaction time, strongly aligns with the
findings of Çelik and Baturay (2024). Their research
underscores that interactive and immersive envi-
ronments do more than just capture attention; they
sustain it by transforming the learner from a passive
recipient into an active participant.

When framed through Self-Determination The-
ory (SDT) (Deci and Ryan 2000), the multimodal
environment directly addresses the core psycho-
logical needs of autonomy and competence. By
providing students with the flexibility to choose
their media format and control the pace of simula-
tions, the instructional design fosters a sense of
agency. This shift from extrinsic “requirement” to
intrinsic “exploration” explains the participants’
tendency to voluntarily revisit complex modules
and quizzes. As a result, the interactivity afforded
by these digital tools serves as a motivational catalyst,
effectively bridging the gap between instructional
delivery and sustained academic effort.

Table 2: Summary of emergent themes from focus group discussions

Theme Description Representative statements

Personalisation Learners appreciated flexibility in selecting preferred “I can replay the animation or focus on
  media formats and pacing.   the video part when I get confused by

text.”
Accessibility Visual and interactive elements aided comprehension “Seeing the process visually helps me

  for non-native speakers.   understand even when the text is
difficult.”

Motivation Students found multimodal lessons stimulating and enjoyable. “The videos make the lesson feel alive—
it’s not just reading slides.”

Cognitive Challenges Some experienced overload when multiple visuals and “When too many things happen on
  text appeared simultaneously. screen, I’m not sure where to focus first.”
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To contextualize these metrics within modern
learning environments, recent educational data
mining studies confirm that passive time spent read-
ing text or viewing stagnant pages is a strong pre-
dictor of attention loss and user anxiety (Chiu et al.
2022). Conversely, structured multimedia interven-
tions have been shown to drastically reshape be-
havioural logs, extending voluntary, self-directed
practice time on complex topics (Lu and Hu 2025).
This aligns with the behavioural analytics captured
in this study: the 34 percent surge in interaction
time is not merely prolonged task completion, but
an indicator of high autonomous motivation.

When digital platforms adequately support a
student’s internal drive, their behavioral engage-
ment directly predicts psychological ownership
over the material, sparking a cyclical relationship
where initial curiosity translates into prolonged,
voluntary cognitive effort (Chiu et al. 2022).

Knowledge Retention

The robust retention rates observed in the
multimodal cohort provide empirical weight to Clark
and Paivio’s (1991) Dual Coding Theory (DCT).
By simultaneously engaging both the imagery
(non-verbal) and logogen (verbal) systems, multi-
modal instruction creates a redundant, intercon-
nected cognitive network. When information is
encoded through these dual pathways, the brain
constructs “alternative retrieval routes”. If one
sensory path fades over time, the cross-code, ref-
erential connections remain accessible, significant-
ly buffering against the natural decay of memory
(Sadoski et al. 1991).

This phenomenon is further corroborated by
the contemporary findings of Çelik and Baturay
(2024) and Hanifa (2025), who demonstrate that
multimodal materials do not just improve immedi-
ate performance but fundamentally enhance the
“stickiness” of knowledge. By providing a richer,
more contextualized initial experience, these instruc-
tional environments facilitate superior information
retrieval after extended intervals. Consequently,
the 92.3 percent retention rate in this study sug-
gests that multimodal learning effectively shifts
the educational focus from transient rote memori-
zation to the construction of durable, long-term
mental schemas.

While classic DCT assumes that “two codes
are always better than one,” recent empirical evi-

dence introduces an important boundary condi-
tion regarding the cognitive cost of simultaneous
inputs. Contemporary research demonstrates that
increasing visual support significantly amplifies
the retention of integrated audio-visual informa-
tion, but can inadvertently tax or fail the learner if
the visual load is mismatched with their existing
language or domain proficiency (Bali et al. 2026).

However, when visual signalling and thematic
duplication are carefully synchronized, recent stud-
ies challenge the traditional “redundancy trap” of
Cognitive Load Theory. For instance, recent evi-
dence proves that spatially and temporally integrat-
ed visual markers do not introduce harmful noise;
instead, they successfully reduce extraneous load
and explicitly foster germane (Désiron et al. 2026).

Therefore, the exceptionally high 92.3 percent
retention rate achieved in this cohort indicates that
the media did not just overlay random graphics,
but successfully achieved conjoint retention –
where the dual representations acted as structur-
ally integrated retrieval cues rather than competing
cognitive distractions.

Qualitative Themes and Learner Experience

The thematic analysis of the focus group dis-
cussions (FGDs) reveals that the impact of multi-
modal instruction extends far beyond mere test
scores, fundamentally reshaping the student-learn-
ing relationship through four distinct qualitative
dimensions.

Personalization and Agency

Participants highlighted that multimodal in-
struction provided a distinct sense of agency, al-
lowing them to navigate content at a pace and in a
format – whether via interactive simulations or
narrated video – that aligned with their individual
cognitive preferences. This adaptability, as noted
by Park and Lim (2019), acts as a potent catalyst
for self-efficacy. When students feel they possess
the “tools to choose,” their confidence in tackling
complex STEM topics increases, transforming the
learning process from a passive, compliance-driv-
en requirement into a self-regulated exploration
(Zhao et al. 2021).

Recent literature extends this dynamics by ex-
ploring how agency interacts with automated learn-
ing environments. While classic self-regulated
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learning (SRL) models emphasize manual student
control, recent studies demonstrate that user agen-
cy in multimedia environments operates on a spec-
trum; completely unstructured choice can some-
times induce choice overload, whereas “scaffold-
ed agency” – where the LMS offers curated, multi-
path options – yields the highest gains in student
autonomy and material mastery (Hagan et al. 2020).

Furthermore, recent findings establish a direct
empirical link between such learner control and the
mitigation of digital fatigue, proving that when stu-
dents control media pacing, their subjective emo-
tional exhaustion drops significantly compared to
fixed-tempo video delivery (Beege  and Ploetzner 2025).

Accessibility and Linguistic Inclusivity

A significant finding was the role of multimo-
dality in lowering linguistic barriers, particularly
for non-native English speakers within the medi-
um-of-instruction framework. Visual and animated
cues provided a “universal language” that clari-
fied technical jargon and abstract scientific con-
cepts. This strongly corroborates the work of Su-
trisno et al. (2024), indicating that multimodal con-
tent serves as an essential bridge for equitable ac-
cess, ensuring that language proficiency does not
become a bottleneck for scientific comprehension.

This finding is particularly critical in contexts
characterized by systemic linguistic transitions,
such as English-medium instruction (EMI) in post-
colonial or developing higher education systems.
Contemporary research by Pun et al. (2024) high-
lights a structural contrast: while text-heavy in-
struction penalizes non-native speakers by forc-
ing them to concurrently decode syntax and com-
plex STEM theory, dual-coded multimedia offloads
the semantic processing burden.

By utilizing visual scaffolding alongside local-
ized or simplified verbal cues, multimodal instruc-
tion actively disrupts the “linguistic deficit model”
in science education, decoupling a student’s in-
nate conceptual capacity from their English language
fluency (Pun et al. 2024).

Affective Motivation

The shift from “monotonous” traditional static
slides to diverse media formats stimulated sus-
tained emotional engagement. Students described
the multimodal environment as “alive,” which, ac-

cording to Çeken and Taskin (2022), is crucial for
fostering long-term curiosity. This affective boost
suggests that the variety of stimuli does more than
just present cold facts – it creates inviting “cognitive
hooks” that sustain attention during intellectually
demanding tasks.

In the broader context of educational psychol-
ogy, this qualitative theme marks a shift from situ-
ational interest (temporary amusement) to individ-
ual interest (enduring value). Recent investigations
using facial expression analysis and biometric track-
ing during multimedia consumption reveal that stat-
ic slides cause an exponential rise in “cognitive
boredom indicators” after just 15 minutes (Li 2025).

In contrast, interactive multimedia structures
evoke a state of productive frustration followed by
high resolution satisfaction, which directly stimu-
lates dopamine-driven epistemic curiosity (Li 2025).
This confirms that the “alive” sensation reported
by participants is the subjective manifestation of
sustained emotional and physiological alertness.

The “Multimedia Paradox”: Cognitive Load

Sensory Friction: A vital caveat where text, au-
dio, and fast-paced visuals compete for limited
attentional capacity.

Despite these benefits, the emergence of cog-
nitive challenges serves as a vital pedagogical ca-
veat. Some students reported “sensory friction”
when text, audio, and fast-paced visuals compet-
ed for their limited attention. This feedback is a
textbook illustration of Sweller’s (2011) Cognitive
Load Theory, reminding instructional designers
that there is a fine line between a “rich” learning
environment and an “overwhelming” one. To max-
imize the benefits of multimodal tools, the “split-
attention effect” must be mitigated through thought-
ful design, ensuring that media elements complement
rather than compete with one another.

This tension uncovers what contemporary the-
orists call the Multimedia Paradox: the exact tools
designed to maximize engagement can simulta-
neously paralyze processing if poorly managed.
Recent empirical studies introduce a sharp con-
trast to classic multimedia optimization. While ear-
ly frameworks (Mayer 2009) recommended strict
minimalism to avoid split attention, recent 2024-
2026 eye-tracking studies indicate that modern
“digital native” students possess different visual
scanning patterns; they tolerate higher visual com-
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plexity if the interface utilizes explicit visual signal-
ling, such as dynamic color-coding or synchronized
call-out text (Mutlu-Bayraktar et al. 2022).

Thus, the “sensory friction” reported by this
cohort was likely not caused by the volume of
media, but by a systemic lack of temporal synchro-
nization between the auditory narrative and visual
animations, causing the channels to clash rather
than converge.

Taken together, the quantitative results (im-
proved scores, engagement, and retention) and
qualitative themes (enhanced motivation, accessi-
bility, and personalization) converge to indicate
that multimodal instruction significantly enhances
both cognitive and affective learning outcomes.
This integration suggests that technology-en-
hanced learning environments can promote deep-
er understanding, inclusivity, and sustained en-
gagement when designed with appropriate cognitive
load considerations.

Contextual Impact on Philippine Higher
Education

These findings underscore the transformative
potential of multimodal learning in Philippine high-
er education, particularly within STEM disciplines
where abstract visualization is paramount. Instruc-
tors should integrate multimedia resources, like
videos, simulations, and interactive modules,
aligned strictly with Mayer’s design principles to
enhance visualization and conceptual comprehen-
sion. Institutions are encouraged to provide sus-
tained professional development for faculty in dig-
ital pedagogy and to leverage LMS analytics for
data-driven instructional improvement.

Beyond classroom pedagogy, these results
offer strong empirical support for the Commission
on Higher Education’s (CHED) initiatives on flexi-
ble, technology-integrated learning. By establish-
ing multimodality as a core equity strategy, Philip-
pine HEIs can effectively address diverse learner
needs, bridge linguistic disparities, and promote
democratic, equitable access to high-tier science
and technology education nationwide.

CONCLUSION

This study demonstrates that multimodal in-
struction is a powerful catalyst for academic suc-
cess in undergraduate biology and physics. The

convergence of a 92.3 percent knowledge reten-
tion rate and a statistically significant increase in
post-test scores (p<.001) provides empirical evi-
dence that integrating visual, auditory, and inter-
active elements transcends traditional lecture-
based boundaries. By leveraging Dual Coding
Theory and Mayer’s Cognitive Theory of Multi-
media Learning, the multimodal approach effec-
tively flattened the “forgetting curve” and fostered
deeper conceptual mastery. Qualitatively, the tran-
sition from passive listening to active, self-paced
exploration empowered students through per-
sonalisation and accessibility, particularly bridg-
ing linguistic gaps for non-native English speak-
ers. However, the findings also highlights a critical
“Multimedia Paradox”, wherein while diverse me-
dia stimulates intrinsic motivation, excessive or
poorly synchronised stimuli can lead to cognitive
overload. Ultimately, the study concludes that
while technology-enhanced environments signifi-
cantly boost performance and inclusivity, their
success is contingent upon a balanced instruc-
tional design that respects the limits of human
working memory.

RECOMMENDATIONS

Drawing from both empirical evidence and stu-
dent feedback, this study offers several strategic
recommendations for educators and institutional
leaders. First, instructors should transition toward
research-based multimedia design by applying
Mayer’s Design Principles (2014), such as signal-
ling, segmenting, and temporal contiguity, to en-
sure that visuals and text function complementari-
ly rather than competing for cognitive resources.
To support this, institutions should leverage LMS
analytics for early intervention, using the observed
34 percent increase in engagement as a benchmark
to identify and assist students with low interac-
tion levels. Furthermore, prioritising inclusivity
through Universal Design, including closed cap-
tions, transcripts, and interactive diagrams, is es-
sential to fulfill CHED’s mandate for flexible learning
and equitable STEM education.

This shift requires Higher Education Institu-
tions (HEIs) in the Philippines to invest in faculty
professional development focused on Digital Ped-
agogy, equipping educators to create simulations
that foster active processing over passive con-
sumption. Finally, given the superior four-week
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retention rates observed, multimodal modules
should be integrated into the core curriculum of
foundational science courses to provide students
with a durable knowledge base as they progress
to advanced major subjects.
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