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ABSTRACT

Background. While videos increasingly support flexible and student-centred learning in higher
education, their pedagogical potential is often limited in practice. Transient information effects
and insufficient emphasis on generative processing constrain active cognitive engagement.
Empirical evidence evaluating how specific pedagogical frameworks, such as the 5E guided
inquiry model, impact cognitive load dimensions in EFL higher education remains limited.

Purpose. To investigate how guided inquiry can foster generative processing in video-based
learning and help address the transient information effect in terms of learning outcomes and
cognitive load.

Method. A pre/post-test quasi-experiment was conducted with 135 English department
students, divided into a control group (n=65) and a treatment group (n=70). The participants
were first-year EFL students who were novices in the subject domain and reported varied English
proficiency, most commonly intermediate or upper-intermediate. Both groups studied the same
content across eight sessions. The control group used educational videos and direct instruction,
while the treatment group used educational videos combined with the 5E model of guided
inquiry. Cognitive load was measured across essential, extraneous, and generative processing,
while pre- and post-tests assessed retention and transfer.

Results. Findings demonstrate that the treatment group achieved significantly higher retention
(p < .001, r = .414). Due to a ceiling effect, transfer outcomes were deemed uninterpretable
rather than evidence of comparability. While the aggregate cognitive-load subscales did not
show between-group significance, results demonstrated a localised effect on invested cognitive
effort, with one item remaining significant after Holm-Bonferroni correction (p < .001, r = .326).
Within this context, the findings suggest that the initial increase in extraneous processing was
not sustained over time and appeared to diminish as students adapted to the guided inquiry
structure.

Conclusion. This study applies multi-dimensional cognitive load measurements to a 5E guided
inquiry intervention within an EFL higher education context. The results indicate that the original
hypothesis was supported for retention and partially supported, at the item level, for invested
cognitive effort. These findings offer a context-bound perspective for curriculum designers,
suggesting that structured inquiry prompts can support foundational knowledge consolidation
and specific facets of engagement in comparable EFL multimedia learning environments.
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INTRODUCTION

Videos have become integral to both for-
mal and informal learning (Pires et al.,
2022). With Al enabling the rapid crea-
tion of instructional content, videos have
transformed how learners access and
engage with information (Xu et al., 2024).

Modern videos support more flexible and
student-centred learning that reflects
students’ digital engagement practices
(Hassoun et al., 2023; Kerimbayev et al.,
2023). They offer rich visual and auditory
input, allowing complex concepts to be
conveyed efficiently and vividly (Mayer,
2024). Importantly, they are easily ac-
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cessed and attuned to today’s learners, who increasingly
prefer concise, visually supported, and on-demand access to
information (Pellas, 2025). However, realising the pedagogi-
cal potential of videos depends not merely on their availabil-
ity, but on their implementation (Fiorella, 2021). Decades of
research on multimedia have clarified that effective instruc-
tion must respect human cognitive architecture; it should
minimise extraneous processing, manage essential process-
ing, and foster generative processing (Mayer, 2021a, 2024).

A central difficulty with video formats is the transient infor-
mation effect, which occurs when fleeting audiovisual input
overloads working memory by limiting opportunities for
adequate processing (Jiang & Sweller, 2021). Because vide-
os continuously replace visual and auditory stimuli, learners
must simultaneously process new information while retain-
ing prior information. This often increases extraneous cogni-
tive processing when content is complex or unfamiliar (Cas-
tro-Alonso et al., 2018).

Moderating factors such as prior knowledge, expertise, and
language proficiency heavily influence how learners handle
transient information (Wong et al., 2018). For example, while
subtitles can cause split-attention for native speakers, they
reduce cognitive load for English as a Foreign Language
(EFL) learners by providing dual cues for comprehension
(Ritzhaupt et al., 2015; Pannatier & Bétrancourt, 2024). These
findings illustrate that cognitive design principles must be
contextualised rather than universally applied. This limitation
is accentuated by contemporary viewing habits that favour
immediacy and passive consumption (Hassoun et al., 2023).
Habitual exposure to fast-paced content has been linked to
reduced attentional endurance and heightened cognitive
strain (Alruwaili, 2025). Consequently, students may struggle
to maintain focus or experience diminished motivation when
instructional content demands extended concentration or
reflective processing.

Research indicates that videos must be pedagogically struc-
tured to counteract these attentional tendencies by embed-
ding inquiry, reflection, and elaboration tasks that sustain
engagement and promote generative learning (Beege &
Ploetzner, 2025; Ruf et al., 2023). Such integration aligns with
constructivist and cognitive principles, which view learning
as an active process of meaning-making. Generative pro-
cessing has been redefined as the central mechanism distin-
guishing surface comprehension from deep learning. Con-
sequently, Fiorella (2023) emphasises that research should
advance beyond optimising multimedia design principles to
examining the specific pedagogical conditions that actively
stimulate generative engagement.

Guided inquiry learning offers a viable structure for fostering
such engagement (de Jong, 2021). The efficacy of guided in-
quiry in fostering generative processing can be theoretically
understood through its activation of metacognitive mecha-
nisms, which provide the essential cognitive foundation for

meaningful learning. While the Cognitive Theory of Multime-
dia Learning (CTML) establishes that generative processing
involves the learner’s effort to organise and integrate new
information with prior knowledge, its scope is primarily cog-
nitive (Mayer, 2021a). It does not explicitly account for the cy-
clical, metacognitive processes of self-regulation strategies
that govern the initiation and multilevel execution of gener-
ative effort.

The Metacognitive Model of Multimedia Learning comple-
ments CTML and explains how generative processing is ini-
tiated and sustained (Azevedo & Dever, 2021). Theoretically,
guided inquiry is expected to scaffold this self-regulation
cycle by providing a framework that requires learners to
engage in the model’s iterative phases. The guided struc-
ture prompts learners to define goals and subgoals (initial
phase), dynamically search and filter information based on
task relevance (adaptation phase), and compare the con-
structed mental model with initial objectives (final phase).

This required self-monitoring is thought to mobilise the
learner’s limited cognitive resources toward organising and
integrating the content. Consequently, learning is elevat-
ed from superficial processing as the student actively links
new information to existing knowledge structures, a process
known as elaborative encoding (Jaeger et al., 2025). Elabora-
tive encoding, particularly through generating explanations,
requires reasoning abilities and the generation of inferenc-
es that go beyond the given content, forcing the revision of
mental models (Brod, 2020).

The advantage of these generative strategies is rooted in
the explicit generation of semantic mediators, which serve
as cues for later recall (Jaeger et al., 2025). This deepened
encoding is hypothesised to translate into enhanced gen-
erative processing, helping to allocate the learner’s limited
cognitive resources toward deep schema construction (Brod,
2020). Furthermore, elaborative encoding has been shown to
be consistently more beneficial than retrieval practice for as-
sociative memory (Jaeger et al., 2025). The integrated mental
model is less likely to decay and more structurally flexible,
leading to better retention of information and transfer of un-
derlying principles to novel problems. Under this lens, guid-
ed inquiry is theorised to serve as the external prompt that
initiates and sustains the metacognitive process, potentially
enhancing the intensity and quality of the learner’s genera-
tive processing (Azevedo & Dever, 2021).

Guided inquiry is designed to externalise generative pro-
cesses by embedding them into the learning task. Meta-an-
alytic evidence supports its benefits for conceptual under-
standing and critical thinking (Lazonder & Harmsen, 2016;
Pedaste et al., 2015). While advocates of direct instruction
contend that even guided inquiry can impose excessive cog-
nitive demands on novices (Clark et al., 2012; Kirschner et al.,
2006; Sweller et al., 2007), subsequent analyses clarify that
scaffolded inquiry, rather than minimal guidance, achieves

JLE | Vol.12 | No.1 | 2026

51



Hamza Hassoun, Naima Trimasse

| Research Paper

optimal cognitive results (Chi et al., 2021; Hmelo-Silver et al.,
2007; Ouzzine et al., 2022).

Overall, prior video-based learning research has primarily op-
timised extraneous and essential cognitive processing; con-
sequently, generative processing has rarely been treated as
a primary outcome variable, especially in EFL video contexts.
While guided inquiry is conceptually indicated to foster deep
learning, empirical evidence evaluating the impact of specific
pedagogical frameworks, such as the 5E instructional model,
on multi-dimensional cognitive load components in EFL high-
er education remains limited. This gap is crucial, as research
on inquiry strategies remains largely centred on STEM disci-
plines, and relying on non-authentic or single-administration
classroom environments limits ecological validity.

Investigating the utility of the 5E guided inquiry model in
Morocco represents a relevant case study of a broader in-
ternational phenomenon. The challenges surrounding the
transient information effect, passive media habits, and the
insufficient fostering of generative processing are common
across many educational contexts. The present study propos-
es a structured approach to enhancing video-based instruc-
tion that requires minimal resources and can be applied in
low-tech environments, allowing its core design principles to
be adapted across various educational contexts.

Adopting a cognitive approach, the present study investi-
gates the use of the 5E guided inquiry model, conceptually
positioned as a generative processing activity, to comple-
ment learning from videos in EFL higher education. Specif-
ically, the study measures the impact of this framework on
learning outcomes (retention and transfer) and examines its
influence on the three dimensions of cognitive processing.
Building on this rationale, the study addresses the following
research questions:

RQ1: What is the effect of utilising the 5E guided inquiry
model with videos on learning outcomes (retention
and transfer) in EFL higher education?

RQ2: What is the effect of utilising the 5E guided inquiry

model with videos on multi-dimensional cognitive
load in EFL higher education?

The study operates under the directional hypotheses that
both the 5E treatment group and the direct instruction con-
trol group will exhibit positive cognitive processing rates and
learning outcomes due to the use of well-designed multime-
dia materials. However, the treatment group was expected
to show stronger retention and higher localised generative
engagement, while transfer was explored as a learning out-
come. These hypotheses are grounded in prior research sup-
porting the efficacy of generative strategies, the current un-
derstanding of information processing mechanisms, and the
theoretical premise that external scaffolding of the metacog-
nitive cycle is theorised to drive deeper cognitive construc-
tion.

METHOD

Research Design

The study adopted a quantitative approach, non-ran-
domised pre/post-test quasi-experimental design, to inves-
tigate the impact of guided inquiry with video on learning in
EFL higher education (Cohen et al., 2018). The pre-test/post-
test non-equivalent group design was chosen as it aligns
with the research questions and the contextual constraints.
Conducted over five weeks with 135 first-year English de-
partment students, two intact classes were used.

Because participants were not randomly assigned at the
individual level, the treatment condition was randomly as-
signed at the class level, resulting in a control group (n=65)
and a treatment group (n=70). Both groups studied the Brit-
ish Culture and Society module across eight sessions, with
the control group using educational videos and direct in-
struction, and the treatment group using educational videos
and the 5E instructional model of guided inquiry.

Adopting a repeated measures approach, cognitive load
was measured at four distinct times over the course of four
weeks. This approach allowed for tracking changes in cogni-
tive processing over time, assessing the ongoing impact of
the guided inquiry intervention on students’ cognitive pro-
cessing. The weekly measurement focused on essential, ex-
traneous, and generative cognitive processing dimensions.

The Treatment
Video Selection Criteria

The videos used in this study were selected to comply with
established design principles and avoid overwhelming cog-
nitive resources (Fiorella & Mayer, 2021; Mayer & Fiorella,
2021b). Video selection and implementation followed re-
search-based guidelines, focusing on principles that reduce
extraneous cognitive processing and manage essential cog-
nitive processing.

Educational videos, ranging from 3-5 minutes, were selected
to present and introduce key concepts and events related to
lessons’ objectives (Brame, 2016). The videos incorporated
conversational and comprehensible input, as well as light
background music and subtitles. To optimise learning, some
videos were edited to remove irrelevant content to the les-
son’s objectives or potentially inappropriate content, sup-
porting content personalisation. This approach intended to
use videos in alignment with human cognitive architecture,
minimising cognitive overload.

52

JLE | Vol.12 | No.1 | 2026



FOSTERING GENERATIVE PROCESSING

| Research Paper

The 5E Instructional Model

The study employed two distinct instructional approach-
es. The control group followed direct instruction, utilising
educational videos alongside conventional lecturing tech-
niques. In contrast, the treatment group implemented the
5E instructional model of guided inquiry (Bybee, 2015; de
Jong, 2021; de Jong & Lazonder, 2014; Ruiz-Martin & Bybee,
2022).

To support treatment fidelity, the instructor continuously
monitored phase transitions based on formative learner
outputs (e.g., responses to heuristic prompts, comprehen-
sion checks) rather than strict chronological adherence. To
maintain consistency, the instructor utilized standardized
lesson plans and detailed instructional checklists. Both
groups were exposed to the exact same educational videos,
targeted learning objectives, and comparable instructional
materials. A standard 90-minute session was structurally op-
erationalised as detailed in Table 1.

Participants

The target population consists of EFL students in higher ed-
ucation in Agadir, Morocco. Due to time, resource, and ac-
cessibility constraints, the accessible population was limited
to EFL students at the Higher School of Education and Train-
ing (ESEF). Convenience sampling was employed to select
the two groups for the study. Intact classes were used to
maintain natural classroom dynamics, as recruiting partici-
pants outside their regular courses could reduce motivation
and interfere with authentic learning behaviours.

The treatment group consisted of 70 participants. The ma-
jority were females (85.7%), with males comprising 14.3%
of the group. Most participants were 18 years old (74.3%),

Table 1
Operationalisation of the 5E Guided Inquiry Intervention

while others were 17 (7.1%), 19 (15.7%), and 20 (2.9%) years
old. In terms of English proficiency, nearly half of the partici-
pants (47.1%) rated themselves as intermediate, followed by
upper-intermediate (25.7%). Fewer participants identified as
elementary (14.3%), advanced (7.1%), beginner (4.3%), and
proficient/native-like (1.4%).

The control group consisted of 65 participants. The majori-
ty were also females (86.2%), with males comprising 13.8%
of the group. Most participants were 18 years old (64.6%),
followed by 19 (21.5%), 17 (10.8%), and both 20 and 21
years old (1.5% each). Regarding English proficiency, most
participants (43.1%) identified as intermediate, followed by
upper-intermediate (21.5%) and elementary (20.0%). Fewer
participants rated themselves as advanced (7.7%) and be-
ginner (7.7%).

The sample was mostly female and drawn from a single
institution, which limits how far the findings can be gen-
eralised to other student populations or settings. Howev-
er, there was no significant difference in age, gender, and
language proficiency between the treatment group and the
control group. Pre-test results and demographic data indi-
cate that both groups had no prior knowledge of the subject
and shared similar demographic characteristics, suggesting
their comparability.

While the use of intact groups presents limitations for gen-
eralisability, they constitute the complete accessible pop-
ulation within the English department at this institution.
Informed consent was obtained from all participants for
the use of their learning data and responses for research
purposes. All participants were from non-vulnerable popu-
lations, and confidentiality and anonymity were maintained
throughout the study.

Phase Est. Duration Instructional Activity Target Cognitive Function
Engage ~10 min Heuristic prompts used prior to video viewing. Activate prior knowledge schemas; prime work-
ing memory for new integration.

Explore ~25 min Segmented viewing of educational videos accom- Manage essential cognitive processing; minimise
panied by guiding questions and performance extraneous processing.
tracking.

Explain ~15min Instructor-led structured elaboration to address  Facilitate active schema construction and link
knowledge gaps, paired with prompts requiring  new information to prior knowledge.
students to synthesise concepts.

Elaborate ~20 min Application to novel case studies using gradually  Promote schema automation and support elabo-
fading temporary scaffolds. rative encoding.

Evaluate ~10 min Scenario-based discussions and structured track-  Elicit metacognitive reflection; consolidate gener-

ing logs (e.g., student notebooks and instruc-

ative cognitive engagement.

tor-led whiteboard summaries of key terms and

concepts).
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Instruments

Pre/Post-Test

The achievement test was a researcher-developed instru-
ment designed to evaluate the intervention’s impact on
learning. Administered as an identical pre-test and post-
test, the tool measured retention and transfer outcomes in
alignment with the CTML (Mayer, 2021a; Mayer & Fiorella,
2021a).

To support content validity, test items were mapped to the
British Culture and Society module objectives. A test blue-
print was developed to map each assessment item against
the specific learning objectives and cognitive domains (re-
tention vs. transfer) of the module. The test was reviewed by
a panel of experts, including the study supervisor, a teacher
trainer, and two university professors. This panel evaluated
the instrument for subject-matter accuracy and face validity,
leading to revisions for item clarity and time efficiency.

The test was scored out of 20 points, with 8 marks allocated
to retention and 12 to transfer tasks. Retention was meas-
ured through three item types: matching historical events
(e.g., the Magna Carta) to descriptions, identifying political
institutions and their functions within given scenarios, and
multiple-choice questions. The transfer section consisted of
four open-ended tasks requiring students to apply concep-
tual knowledge to novel contexts. These included explaining
the historical evolution of British social classes, analysing
the impacts of British colonialism (e.g., the global spread of
English), and applying sociological reasoning to the influ-
ence of the British socioeconomic background and educa-
tional access.

Scoring for open-ended items utilised a point-based an-
alytic rubric. Points were awarded based on the presence
of predetermined key concepts and the logical coherence
of reasoning. Linguistic fluidity and grammatical accura-
cy were not primary criteria. Responses were required to
be coherent and demonstrate a clear understanding to be
considered correct. This method prioritised content quality
and aimed to fairly capture students’ capacity to transfer
learning. While blind scoring was not feasible due to the re-
searcher’s role as the course instructor and exam invigila-
tor, intra-rater consistency was addressed by independently
re-checking all test scores and data entries on a separate
occasion to maintain consistency and minimise errors.

Cognitive Load Measure: Self-Report Questionnaire

The cognitive load measure used in this study was a self-re-
port questionnaire developed by Krieglstein et al. (2023) to
assess perceived cognitive load within Cognitive Load Theo-
ry (CLT) (Paas & Sweller, 2021). The questionnaire differen-
tiates cognitive load into three types: essential, extraneous,
and generative, with five items for each type. The items were

rated using a 9-point Likert scale (1 = not at all applicable; 9
= fully applicable), chosen for its high reliability (Krieglstein
et al., 2022). Despite concerns about subjective self-ratings,
research shows respondents can reliably assess their per-
ceived mental effort (Ayres et al., 2021; Skulmowski, 2022).

Research Quality

Multiple measures were incorporated to support the valid-
ity and reliability of the findings. Both groups were taught
using identical content and videos, with the only difference
being the form of instruction. The treatment condition was
randomly assigned to one of the existing groups to reduce
bias. The groups consisted of first-year students from the
same major, creating comparable participant pools. The
groups studied for identical periods, and the same instruc-
tor delivered the lessons in a consistent structure to both
groups to minimise variability in teaching style and quality.
Although the classroom environment was not fully lab-con-
trolled, this strengthened ecological validity by resembling
real-life learning scenarios.

While Cronbach’s Alpha was not measured for the achieve-
ment test due to the psychometric challenge of item het-
erogeneity across the retention and transfer subscales, the
study’s overall reliability was maintained through the design
implemented to manage both participant and researcher
error. Learning outcomes were assessed using tests that
included both retention and transfer tasks, capturing dif-
ferent aspects of learning. All instruments were piloted and
assessed for face validity and potential bias. Pre-tests were
administered one week before the treatment to minimise
testing effects and verify classroom equilibrium. Data indi-
cated that both groups had minimal prior knowledge of the
target content, providing suitable conditions to assess the
intervention’s impact.

As each group studied two consecutive sessions each week,
cognitive load measurements were strategically timed at
the end of the first session to minimise potential fatigue im-
pacts on the data. Krieglstein et al. (2023) suggest conduct-
ing repeated assessments throughout the learning process
to minimise the influence of the subjective nature of self-re-
ports. In agreement with this, cognitive load was measured
at the end of the first session each week over the four-week
period. This enabled the quasi-experiment to better under-
stand cognitive load dynamics over time, providing a more
accurate assessment by minimising extraneous variables
that could bias the findings.

Although the measure was previously validated by Kriegl-
stein et al. (2023), internal consistency, Cronbach’s alpha,
was calculated after the first administration to account for
potential contextual effects. The Cronbach’s alpha values
for both groups from this initial administration are present-
ed in Table 2.
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Table 2

Cronbach’s Alpha values for Cognitive Load Measure in the First Administration

Cognitive Processing Dimension Group Cronbach’s Alpha
Essential Treatment .695
Control .788
Extraneous Treatment .837
Control .748
Generative Treatment 733
Control .706

Data integrity was addressed by carefully checking for errors
and mistakes. The instructor reviewed the self-reports upon
collection for missing data, returning them immediately to
students if items were skipped. The self-reports and tests
were corrected, entered into SPSS, and double-checked on
different days to support intra-rater consistency. Construct
validity was maintained by defining and operationalising
variables, while statistical validity was supported by verify-
ing the assumptions for parametric tests and using non-par-
ametric alternatives when necessary.

Data Collection

Due to the intact sampling method, the preassigned sched-
ule had classes for the groups at different times. The first
group had classes on Friday afternoon from 2:00 PM to 5:30
PM, with a 30-minute break at 3:30 PM. The second group
had classes on Saturday morning from 8:30 AM to 12:00 PM,
with a 30-minute break at 10:00 AM. Each week, both groups
had two sessions. The assignment of the treatment group
was determined randomly. A third party selected a wrapped
paper to designate the treatment group, which was the first
group with classes on Friday. The potential impact of this
scheduling variance on student fatigue and attention is for-
mally acknowledged as a possible confound and is account-
ed for when interpreting the results.

The quasi-experiment lasted five weeks. In the first session
of the first week, students were given a pre-test at the be-
ginning of the lesson. They were instructed to answer based
on what they already knew, with a clear emphasis that this
was a pre-course survey and that the answers would not
affect their grades. The students completed the test within
approximately 20 minutes, after which they submitted their
responses. The remainder of the first session was dedicated
to an ice-breaker activity to help the instructor get to know
the students. After the 30-minute break, the second ses-
sion consisted of an introduction to the course. The lessons
commenced in the second week. The form of instruction fol-
lowed the model and treatment outlined earlier. After four
weeks, or eight sessions of instruction, the post-test was ad-
ministered on a Saturday morning, with all groups taking
the test on the same day.

A baseline cognitive load measurement was intentionally
omitted during the Week 1 pre-treatment phase to mini-
mise survey fatigue immediately following the administra-
tion of the pre-test. The implications of this design choice
are formally acknowledged and addressed in the Limita-
tions section. The cognitive load measure was administered
starting in week two. It was consistently issued at the end
of each first session to minimise the influence of tiredness
or boredom on the data. In the first administration, items
were explained in both English and Arabic as needed, to fa-
cilitate students’ comprehension of each question. Special
attention was given to distinguishing between extraneous
and essential load. Each item was explained individually, al-
lowing students to answer at their own pace. Students were
encouraged to be honest, as their feedback was crucial for
improving instruction. By week three, students were famil-
iar with the process and responded independently, with the
instructor moderating and providing assistance as needed.
The same process was followed for weeks four and five.

Data Analysis

The analysis of the pre-post test data included checking par-
ametric assumptions. Normality was violated across all da-
tasets, requiring the use of non-parametric statistical tests.
Mann-Whitney U tests were employed to assess the differ-
ences in learning outcomes between groups, while Wilcoxon
Signed-Rank tests were utilised for within-group compari-
sons.

The cognitive load measure contained 15 items with a
9-point Likert scale. The analysis of the scale was config-
ured so that higher values consistently indicated favourable
cognitive processing, while lower values indicated harmful
cognitive load. Items 1-10, pertaining to essential and extra-
neous processing, were reverse-coded to maintain consist-
ent interpretation. Consequently, for all subscales, higher
scores indicate more favourable learning conditions: better
managed essential processing, lower extraneous process-
ing, and higher generative engagement.

Both descriptive and inferential statistics were applied to
the cognitive load questionnaire for within-subject and be-
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tween-groups analyses. The analysis was conducted at two
distinct tiers. First, a macro-level analysis was performed on
the aggregate subscale dimensions, essential, extraneous,
and generative processing, to evaluate cognitive demand.
Second, a micro-level, item-by-item analysis was executed to
provide an in-depth understanding of the specific cognitive
mechanisms activated by the 5E model, yielding insights to
inform pedagogical practice.

For within-subjects analysis, medians and interquartile
ranges (IQRs) were calculated, and the Friedman test was
applied to each subscale dimension and question within
each group to determine if cognitive load changed over the
4-week period. Since the Friedman test indicated significant
differences across the four time points, post hoc pairwise
comparisons were conducted to determine which specific
weeks differed from each other. To reduce the risk of Type
I error due to multiple comparisons, the significance level
was adjusted using the Bonferroni correction, setting the al-
pha threshold at p <.0083.

For between-subjects analysis, the ordinal data of cognitive
load were analysed for significant differences between the
two groups using the Mann-Whitney U test, significant at
0.05. For the item-level cognitive load analysis, which involved
60 distinct comparisons (15 items across 4 timepoints), a
Holm-Bonferroni sequential correction was implemented.
Unlike the standard Bonferroni method, the Holm-Bonfer-
roni approach evaluates ranked p-values against a dynamic,
step-down threshold. This sequential method was selected
because it controls the family-wise error rate across a large
volume of comparisons without overly inflating Type II er-

Table 3

ror, preserving statistical power while meeting assumptions
for multiple testing.

RESULTS

The Effect of Using Guided Inquiry with Videos
on Learning Outcomes

The data for both the treatment and control groups was
found to be not normally distributed according to the Kol-
mogorov-Smirnov and Shapiro-Wilk tests (p < .05). Due to
this violation, the Mann-Whitney U test was employed as
the nonparametric alternative.

A Mann-Whitney U test was conducted to investigate the
difference in the pre-test scores between the control and
treatment groups. The results indicated that there was no
significant difference between the two groups in terms of
retention, Z = -0.419, p = .675, and transfer, Z = 0.000, p =
1.000, at the 0.05 significance level.

For the post-test, the data was also not normally distributed.
Hence, the Mann-Whitney U test was employed as the non-
parametric alternative.

A Mann-Whitney U test was conducted to examine differ-
ences in post-test scores between the treatment and control
groups. The results showed a significant difference in reten-
tion scores, Z = -4.806, p < .001, indicating that the groups
differed at the 0.05 significance level with a medium effect
size, r = .414. However, no significant difference was found

Mann-Whitney U Test Results of The Pre-test for The Treatment and Control Groups

Groups n Median IQR Mean Rank Sum of Ranks U z p-values r

Retention Treatment 70 .00 0-1 66.79 4675.00
2190.00 -.419 .675 .036

Control 65 .00 0-1 69.31 4505.00

Transfer Treatment 70 .00 .00 68.00 4760.00
2275.00 .000 1.000 -

Control 65 .00 .00 68.00 4420.00

Note. Significant at 0.05 level. n = sample size, U = Mann-Whitney U statistic, Z = standardised test statistic, P = p-value, r = effect size.

Table 4

Mann-Whitney U test Results of the Post-test for the Treatment and Control Groups

Groups n Median IQR Mean Rank Sum of Ranks U V4 p-values r
Retention  Treatment 70 6 5-7 83.28 5829.50
1205.50 -4.806 .000 414
Control 65 5 3-6 51.55 3350.50
Transfer Treatment 70 10.62  9.25-11.5 73.09 5116.50 1918.50 -1.578 115 136
Control 65 10.25 8-11 62.52 4063.50

Note. Significant at 0.05 level. n = sample size, U = Mann-Whitney U statistic, Z = standardised test statistic, P = p-value, r = effect size.
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for transfer scores, Z = -1.58, p = .115. This non-significant
result is important because the high post-test scores, ap-
proaching the maximum possible score of 12, indicate a po-
tential ceiling effect.

Descriptive analysis of the post-transfer scores revealed a
pronounced negative skewness (-1.152) and artificially com-
pressed variance at the upper bound (Treatment Variance
= 2.85 vs. Control Variance = 4.57), indicating a significant
ceiling effect. A frequency distribution showed that 32.6%
of the total sample scored between 11.00 and 12.00 out of a
maximum of 12, with 16.3% achieving a perfect score. This
concentration of data at the upper bound indicates that the
transfer instrument lacked sufficient headroom to capture
the full range of participant variance, resulting in mathemat-
ical compression of the between-group data.

Concerning the within-subject analysis, the pre-to-post gains
provided strong evidence of overall instructional efficacy
for both conditions. The treatment group’s median reten-
tion score increased from 0 to 6, while the control group’s
median increased from 0 to 5. Wilcoxon Signed-Rank tests
demonstrated statistically significant gains for both groups
(treatment: Z =-7.32, p <.001, r =.87; control: Z=-6.82, p <
.001, r = .85).

It should be noted that the interpretation of the absolute
magnitude of these pre-to-post gains is constrained by an
observed floor effect in the baseline measurements, which
is discussed further in the Limitations. Similarly, a signifi-
cant improvement was observed in transfer scores between
pre-test and post-test (treatment: Z = -7.282, p < .001, r =
.87; control: Z = -7.020, p < .001, r = .87). The median gain
was 10.62 for the treatment group and 10.25 for the control
group, both with large effect sizes.

The directional hypothesis that the treatment group would
outperform the control group was supported for retention
outcomes. However, the hypothesis regarding superior
transfer outcomes remains statistically uninterpretable and
thus limited due to the measurement limitations.

The Effect of Using Guided Inquiry with Videos
on Cognitive Load

Within-Subjects Analysis of Cognitive Load

Friedman tests were conducted to examine whether there
were significant changes in self-reported scores across four
time points (Week 2 to Week 5) for both the treatment and
control groups (see Appendix A for the complete statistical
table). Following the Friedman tests for change over time,
Wilcoxon signed-rank tests were used to conduct pairwise
comparisons (see Appendix B for the pairwise-values and
Bonferroni corrections).

The essential cognitive processing subscale was re-
verse-coded; higher scores indicate greater ease of under-
standing and manageability of essential content. Friedman
tests showed significant improvements over the four weeks
in both groups. Median scores increased from moderate lev-
els (around 4) at Week 2 to high levels (around 7) by Week 5.
The effect size, as measured by Kendall's W, was .205 for the
treatment group and .163 for the control group, indicating
a small proportion of the overall variance in cognitive load.

Pairwise Wilcoxon tests showed that gains were generally
sustained from Week 2 to Week 5. While both groups exhib-
ited significant early development in essential processing,
the control group demonstrated more consistent significant
growth in the latter half of the intervention (W4-W5) com-
pared to the treatment group, which primarily stabilised af-
ter the initial increases.

The extraneous cognitive processing subscale was also re-
verse-coded so that higher scores indicate low mental ef-
fort spent on irrelevant or distracting elements. The Fried-
man test indicated that the treatment group experienced
systematically significant positive changes in extraneous
processing, though the effect size was very small (Kendall's
W = .092). Post hoc pairwise comparisons clarified that this
variance was not evenly distributed across all timepoints;
rather, significant improvements were isolated to the ear-
ly stages of the intervention. In contrast, the control group
remained statistically stable, with no significant changes de-
tected. Item-level median scores generally rose from mod-
erate levels (around 5-6) at Week 2 to higher levels (around
7) by Week 5 in the treatment group. Kendall's W was .092,
indicating small but consistent changes over time. Hence,
by the end of the study, both groups maintained favourable,
efficient overall scores on extraneous cognitive processing.

For the final subscale, generative cognitive processing was
not reverse-coded, so higher scores indicate greater invest-
ment in organising and integrating knowledge. The Fried-
man test revealed a clear difference in changes of cogni-
tive processing between the groups. The treatment group
experienced a systematic and significant improvement for
four items. In contrast, the control group’s generative pro-
cessing remained statistically stable throughout the inter-
vention. Pairwise analysis further supported this finding,
showing that the treatment group experienced multiple pe-
riods of significant growth. Across all significant Friedman
test results, the effect sizes (Kendall's W) ranged from .066
to .235, indicating a small effect of time on the variance in
cognitive load.

Between-Groups Analysis of Cognitive Load

To evaluate the overall impact of the instructional conditions
on cognitive processing throughout the intervention, partici-
pant responses across the four timepoints were aggregated
into three primary subscales: essential, extraneous, and gen-
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Table 5

Mann-Whitney U Test Results Comparing Cognitive Load Subscales Between Groups

Week U 4 p-values r
Essential Processing 2 2673.00 1.776 .076 153
3 2359.50 0.375 .707 .032
4 2283.50 0.038 .970 .003
5 2435.00 0.717 474 .062
Extraneous Processing 2 3143.00 3.869 .000 333
3 2389.00 0.512 .609 .044
4 2341.00 0.294 .768 .025
5 2251.00 -.107 914 .009
Generative Processing 2 2221.00 -.241 .809 .021
3 1989.00 -1.276 .202 110
4 2199.50 -.337 736 .030
5 1854.50 -1.872 .061 .161

Note. Significant at 0.05 level. U = Mann-Whitney U statistic, Z = standardised test statistic, P = p-value, r = effect size.

erative processing. A series of Mann-Whitney U tests were
conducted to compare these aggregate scores between the
treatment and control groups at each week.

As presented in Table 5, the Mann-Whitney U tests indicated
that the two groups did not differ significantly in their levels of
essential processing at any point during the study. Regarding
extraneous processing, a significant difference was observed
during the first measurement, where the control group (Mdn
=7, Iqr = 2) showed significantly favourable ratings compared
to the treatment group (Mdn = 6; Iqr = 3), U =3143.00, Z=3.87,
p <.001. However, this difference did not persist, as no signifi-
cantvariations were found in the subsequent measurements.
Finally, the analysis of generative processing revealed no sta-
tistically significant differences between the groups through-
out the intervention. While the results for the last measure-
ment showed a slight trend toward significance, p =.061, they
remained above the alpha threshold of .05.

For the item-level cognitive load analysis, line graphs were
used to illustrate the progressive development and change
of cognitive load over the four-week intervention period for
each group. To address the risk of Type I error associated
with multiple comparisons across 60 data points, a Holm-Bon-
ferroni sequential correction was applied to all item-level
Mann-Whitney U test results.

For essential processing, Figure C1 in Appendix C shows the
initial uncorrected analysis of the Mann-Whitney U tests. It
indicates significant differences between the groups for Item
1in Week 2 (Z =-2.202, p = .028, r = .189), Item 5 in Week 2
(Z=-2.334, p =.020, r = .201), Item 5 in Week 4 (Z = -2.094, p
=.036, r =.180), and Item 5 in Week 5 (Z = -2.586, p =.010, r
=.222). However, following the Holm-Bonferroni adjustment,

none of these differences retained statistical significance.
This item-level parity supports the aggregate subscale find-
ings, suggesting that the baseline cognitive demand of the
multimedia content was adequately managed and perceived
equally by both groups across all sessions.

Figure D1 in Appendix D presents the initial uncorrected
analysis of the Mann-Whitney U tests. It indicates significant
differences between the groups for all extraneous process-
ing items, but only during the first measurement: Item 6 (Z =
-2.679, p =.007, r =.230), Item 7 (Z = -2.783, p = .005, r = .239),
Item 8 (Z=-3.950, p <.001, r=.340), Item 9 (Z=-2.682, p = .007,
r=.231), and Item 10 (Z = -2.265, p = .024, r = .195). However,
only Item 8 retained statistical significance post-correction.

Concerning generative processing, the uncorrected analysis
of the Mann-Whitney U tests indicated significant differenc-
es between the groups for three items: Item 11 in Week 5
(Z=-2.699, p = .007, r =.232), Item 12 in Week 3 (Z = -2.920,
p =.004, r =.251) and Week 5 (Z = -3.790, p < .001, r = .326),
and Item 14 in Week 5 (Z = -2.136, p = .033, r = .184). Howev-
er, as demonstrated in Figure 1 below, the Holm-Bonferroni
correction revealed that the differences for Items 11 and 14
no longer reached the adjusted significance threshold. Con-
versely, Item 12 remained significant at the conclusion of the
intervention in Week 5.

Overall, the within-subjects analysis demonstrated that the
treatment group experienced measurable improvements
across all cognitive load dimensions over the four weeks,
whereas the control group’s cognitive processing remained
largely stable. Nevertheless, the between-groups analysis re-
vealed that these internal gains did not reach statistical signif-
icance on the aggregate subscales.
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Figure 1

Median Generative Cognitive Load Ratings Over Four Weeks for Control and Treatment Groups Across Five Items

Note. Panels A-E display generative cognitive processing items 11-15: (A) active reflection; (B) invested cognitive effort; (C) comprehensive
understanding; (D) expanding prior knowledge; (E) knowledge application. Asterisks (*) indicate statistically significant differences
between the groups following the Holm-Bonferroni sequential correction.

While the groups demonstrated statistical parity on overall
generative processing, the item-level analysis revealed a lo-
calised advantage for the treatment group in invested effort.
It must be explicitly stated that this item-level finding should
be interpreted as a localised effect on invested cognitive ef-
fort, not as evidence of a broad improvement in generative

processing. Therefore, while the original hypothesis regard-
ing systematic differences in overall generative processing
was not fully supported, the findings indicate that the treat-
ment was associated with specific aspects of generative en-
gagement, namely invested cognitive effort.
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DISCUSSION

The aim of this study was to investigate the effect of guided
inquiry with videos on learning in EFL higher education. Spe-
cifically, it aimed at enhancing generative processing and
mitigating the transient effect of educational videos. The
study targeted learning outcomes, retention and transfer,
and cognitive processing as dependent variables to exam-
ine the impact of the treatment.

Retention and Transfer

As hypothesised, the findings revealed that both groups
achieved significant learning gains. However, the treatment
group demonstrated significantly higher retention, yield-
ing a moderate-to-large effect size. This magnitude indi-
cates substantial practical significance, suggesting that the
5E model may have facilitated active schema construction,
which enhanced retention of core cultural concepts more
effectively than direct instruction. According to CTML, mul-
timedia materials that combine words and visuals reduce
extraneous processing and optimise essential processing,
thereby promoting meaningful learning (Mayer, 2021a). Yet,
even well-designed videos often leave generative process-
ing insufficiently addressed. Guided inquiry is theoretically
expected to compensate for this gap by explicitly stimulat-
ing generative engagement. Learners in the treatment con-
dition were required to question, hypothesise, and reflect
while interacting with videos, a process that can be inter-
preted as transforming potentially passive observation into
active cognitive construction (Azevedo & Dever, 2021).

This process aligns with recent evidence showing that in-
quiry prompts significantly enhance encoding and long-term
retention by promoting elaboration and retrieval-based pro-
cessing (Fiorella, 2023). The findings are also consistent with
the benefits of elaborative encoding retrieval practice (Jae-
ger et al., 2025). Therefore, guided inquiry can be interpret-
ed as an instructional mechanism that may support schema
construction and semantic integration in long-term memory
by encouraging more focused cognitive engagement during
the learning process (Brod, 2020; Schneider et al., 2021).

While these outcomes are consistent with theoretical frame-
works emphasising the benefits of elaborative encoding and
metacognitive regulation (Azevedo & Dever, 2021; Jaeger et
al., 2025), these specific underlying mechanisms were not
directly measured in this study. Therefore, the activation of
the metacognitive cycle must be treated as an inferential in-
terpretation rather than a confirmed empirical mechanism.

The findings not only support the global relevance of estab-
lished multimedia principles and the necessity of fostering
active engagement in learning but may also suggest the
generalisable value of self-regulation strategies and elabo-
rative encoding for significantly enhancing retention across
diverse instructional contexts. The results also contribute

to the long-standing pedagogical debate between direct
instruction and inquiry-based learning (Clark et al., 2012;
Kirschner et al., 2006; Sweller et al., 2007). While direct in-
struction remains efficient for declarative knowledge acqui-
sition, recent meta-analyses and classroom-based studies
demonstrate that guided inquiry, when structured with cog-
nitive scaffolds, supports deeper conceptual retention with-
out sacrificing efficiency (de Jong et al., 2023). The current
findings reinforce this perspective, showing that guided in-
quiry effectively complements well-designed multimedia to
support the consolidation and retention of learning.

Concerning transfer, the between-groups null result cannot
be interpreted as evidence of comparability between the
conditions. While both groups scored relatively high com-
pared to the pre-test, this finding is confounded by an ob-
served ceiling effect on the transfer instrument. A frequency
distribution analysis reveals that 32.6% of the total sample
scored at or near the maximum threshold. This compres-
sion of variance invalidates the measure as a discriminating
instrument for between-group comparisons, rendering the
transfer results uninterpretable and leaving the research
question unresolved.

Regarding the potential cause of this measurement lim-
itation, the significant within-subjects gains across both
groups suggest that the baseline multimedia materials, de-
signed according to established multimedia principles, were
effective at promoting foundational knowledge abstrac-
tion (Mayer, 2021b). Because these core materials provid-
ed such an adequate baseline of understanding across all
participants, the transfer assessment lacked the necessary
difficulty threshold to differentiate performance between
the groups. Future research must utilise calibrated, uncon-
strained transfer instruments to accurately assess any po-
tential effects of the 5E model on knowledge transfer.

Essential Cognitive Processing

Across the four-week intervention, both groups demonstrat-
ed significant favourable improvements in essential cogni-
tive processing, reflecting increased ease and manageabil-
ity of the learning content. This pattern suggests that the
videos effectively managed essential processing, allowing
learners to allocate cognitive resources to deeper genera-
tive and schema construction rather than surface decoding.
However, no significant differences were observed between
the treatment and control groups at either the cognitive
processing subscales or item level.

Interpreted within the measurement constraints outlined in
the limitations, the findings suggest that the cognitive de-
mands were controlled and perceived equally across both
conditions. Consequently, the addition of the 5E guided in-
quiry scaffolds did not appear to overwhelm the treatment
group’s perceived difficulty or artificially inflate their es-
sential cognitive load. From a pedagogical standpoint, this
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demonstrates that the effective management of essential
cognitive processing does not entail minimising difficulty by
handing learners information, but rather involves structur-
ing cognitive challenge through guidance.

In traditional video-based environments, essential process-
ing often remains a passive act of comprehension. However,
the guided inquiry cycle transforms this process by inten-
tionally placing learners in active epistemic roles that require
hypothesis generation, questioning, and meaning construc-
tion (Azevedo & Dever, 2021). Theoretically, because the
foundational multimedia materials effectively supported in-
itial decoding, learners had the available cognitive capacity
to allocate toward complex self-monitoring, regulatory be-
haviours, and active reflection (Baker et al., 2020; Behrendt
et al., 2024; Kaldaras et al., 2024). This suggests that the 5E
model can facilitate a crucial shift from passive reception to
generative engagement while maintaining a balanced cog-
nitive load.

Extraneous Cognitive Processing

In the first measurement, the control group showed signif-
icantly more favourable extraneous processing scores than
the treatment group, yielding a medium effect size. Howev-
er, this difference disappeared in subsequent sessions, with
both groups maintaining consistently efficient, focused cog-
nitive engagement.

Accounting for the scheduling limitation, the transient spike
in the treatment group indicates an adaptation phase as
learners adjusted to the procedural demands of the guid-
ed inquiry structure. This initial elevation aligns with find-
ings from Beege and Ploetzner (2025), who reported that
prompts and guiding questions can initially inflate perceived
extraneous processing. However, because their study uti-
lised a short-term, single-session laboratory design, it like-
ly captured only this early adaptation phase rather than a
stable cognitive pattern. The present longitudinal findings
extend this line of research by illustrating that what appears
as transient overload can, over longer exposure, resolve into
efficient regulation of cognitive effort. These results under-
score that early, temporary increases in extraneous pro-
cessing can be a common feature when introducing novel
inquiry-based strategies.

This observed pattern highlights the importance of dis-
tinguishing between poor multimedia design and tempo-
rary procedural unfamiliarity. When learners first navigate
structured inquiry, the unfamiliar mechanics of task man-
agement can temporarily act as an extraneous source of
cognitive load. However, the convergence of extraneous
processing scores after the first week reflects the learners’
development of procedural fluency. As the mechanics of the
5E inquiry cycle became familiar and automated, this extra-
neous noise disappeared.

Finally, the overall favourable ratings of extraneous process-
ing across both groups suggest that transient information
effects may be mitigated under specific conditions, includ-
ing short, segmented videos, subtitles, and guided inquiry
prompts in this EFL context. Theoretically, well-structured
videos can mitigate transient load through signalling and
segmentation, while inquiry prompts further support cogni-
tive pacing by encouraging elaboration and self-explanation
(Mayer, 2021a). Consistent with previous research, the use
of subtitles, typically considered a source of split-attention
in CTML, did not appear to have a detrimental effect on cog-
nitive load, providing supporting evidence for their benefits
among EFL learners (Pannatier & Bétrancourt, 2024).

Generative Cognitive Processing

The results revealed no significant differences between the
groups at the aggregate subscale level for generative pro-
cessing. While the treatment group consistently exhibited
significant within-subject improvements over time, the ag-
gregate between-group difference at Week 5 fell short of
statistical significance (p =.061). Following the Holm-Bonfer-
roni correction, only one specific item pertaining to invested
cognitive effort demonstrated a statistically significant ad-
vantage for the treatment group, yielding a moderate effect
size (r =.326).

Accounting for these limitations and the strict statistical
data, the findings describe a localised effect on invested cog-
nitive effort, not evidence of a general improvement in gen-
erative processing. The 5E model did not comprehensively
transform the students’ overall generative processing. The
moderate magnitude of the single item-level effect suggests
that the 5E model acts as a scaffold for stimulating invested
cognitive effort, rather than a broad remedy for generative
underperformance. Therefore, claims of broad instructional
superiority regarding generative processing are not empir-
ically supported.

This localised increase in invested cognitive effort con-
ceptually aligns with meta-analytic evidence supporting
inquiry-based learning structures (Lazonder & Harmsen,
2016; Pedaste et al.,, 2015). Furthermore, it counters the
argument that inquiry approaches inherently impose an
excessive cognitive load on novices (Kirschner et al., 2006;
Sweller et al., 2007), reinforcing the consensus that scaffold-
ing is the critical moderating factor (Chi et al., 2021; Hme-
lo-Silver et al., 2007). However, the precise psychological
mechanisms driving this effort remain unmeasured. While
the guided approach is theorised to externalise generative
processes and prompt learners to reflect on constructed
mental models (Azevedo & Dever, 2021), this study did not
explicitly measure metacognitive regulation or elaborative
encoding. Therefore, the theoretical link between the ob-
served increase in invested effort and the activation of a
metacognitive self-regulation cycle must be treated as infer-
ential rather than empirically confirmed.
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While the within-subjects shifts in cognitive load were sta-
tistically significant, the effect sizes representing this tem-
poral change were small (0.066 to 0.235). This indicates
that repeated exposure over the four weeks accounted for
only a modest proportion of the variance in cognitive pro-
cessing. In authentic educational settings, cognitive load is
multi-determined by factors such as prior knowledge, mo-
tivation, and working memory capacity. Therefore, a small
time-based effect size is expected, further underscoring that
time alone does not substantially alter cognitive load with-
out targeted instructional intervention, and that claims of
broad instructional superiority must be tempered.

The original hypothesis was supported only for retention
and partially, at the item level, for invested cognitive effort.
The study presents a data-driven contribution by systemat-
ically measuring all three components of cognitive process-
ing within an EFL higher education context. The findings
provide preliminary classroom-based evidence that guided
inquiry may support selected aspects of generative engage-
ment, particularly invested cognitive effort. Hence, guided
inquiry offers a practical, evidence-based strategy to adapt
video-based learning for contemporary digital habits, sup-
porting the transition of multimedia instruction from pas-
sive information delivery to active knowledge construction.

Limitations

The current study’s findings, while offering meaningful the-
oretical and empirical contributions, should be interpreted
with consideration of specific methodological and contextu-
al limitations. One key limitation of the study is the use of
convenience sampling and the lack of random assignment.
This limits the internal validity of the study and the broad
generalisability of the findings, making it difficult to attrib-
ute differences solely to the intervention. Furthermore, the
sample was predominantly female and drawn from a sin-
gle institution. Future research should consider participant
characteristics, as well as the gender of the instructor or vid-
eo presenter, as explicit variables.

Regarding measurement constraints, the absence of a
baseline cognitive load measurement and the structur-
al confounds associated with class scheduling limit causal
inference. Time-of-day effects and end-of-week fatigue in-
troduce uncontrolled variance that limits causal attribution
regarding this initial spike in extraneous load (Anderson et
al., 2014). Additionally, a constraint was observed in the pre-
test knowledge assessment. Both the treatment and control
groups exhibited a median pre-test retention score of 0 (IQR
= 0-1). While this reflects a genuine absence of prior knowl-
edge regarding the novel foreign-language content, this
compressed distribution mathematically constitutes a floor
effect. This lack of instrument sensitivity at the lower bound
restricts the interpretability of the absolute magnitude of
the pre-to-post learning gains. Furthermore, the transfer
subscale produced a significant ceiling effect, which ren-

dered the between-group transfer findings uninterpretable.
The study design also lacked a delayed post-test, preventing
conclusions regarding the long-term durability of the ob-
served retention gains.

Regarding the measurement of cognitive load, Krieglstein
et al. (2023) acknowledge that the theoretical separation of
load types may not always be evident in practice. The self-as-
sessment approach relies on learners’ metacognitive abili-
ties to accurately reflect on their experiences (Klepsch et al.,
2017). Consequently, the mental effort measured via Likert
scales provides only a partial picture of the actual cognitive
demands (Paas et al., 2008). This reliance on self-reporting
was necessitated by the constraints of the large sample size,
making physiological or detailed behavioural indicators
logistically infeasible. Therefore, future studies should en-
rich the interpretation of cognitive load by incorporating ob-
jective, direct measures alongside qualitative data to offer
more precise insights.

While the study’s theoretical framework relies on metacog-
nitive engagement, the research lacked direct measures of
metacognitive regulation, meaning the mechanisms driv-
ing the observed effort remain inferential. Future research
should acknowledge that guided inquiry may concurrently
influence the development of critical thinking, collaborative
skills, and self-regulated learning.

CONCLUSION

The purpose of this study was to investigate the integration
of the 5E instructional model within video-based EFL multi-
media learning. The findings indicate that 5E-based guided
inquiry can support retention of foundational knowledge
and localised invested cognitive effort. These results sug-
gest that instructional design in multimedia environments
benefits from activities that scaffold active effort alongside
the traditional optimisation of essential and extraneous pro-
cessing.

Regarding cognitive demands, the study indicates that these
outcomes can be achieved without creating a sustained in-
crease in extraneous cognitive load. As novice EFL learnersin
the treatment group did not experience detrimental extra-
neous load compared to the control group, guided inquiry
appears to be capable of prompting engagement without
imposing additional cognitive strain. These results highlight
the utility of an initial adaptation period when implementing
inquiry strategies, during which instructors should provide
temporary scaffolds and monitor cognitive load to adjust
pacing as learners develop procedural fluency.

Furthermore, the findings suggest that the effective man-
agement of cognitive processing may not entail minimising
difficulty by providing information; rather, it may involve
balancing information delivery with structured engagement
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activities. The findings suggest that guided inquiry may also
have relevance for declarative learning tasks in EFL multime-
dia contexts. Because the 5E model is adaptable and does
not require extensive technological resources, it remains a
practical alternative for educational settings where learners
may rely heavily on passive video viewing.

These findings offer a context-bound framework for inte-
grating segmented videos with structured inquiry prompts
in EFL higher education. The approach provides an evi-
dence-based alternative to passive multimedia consump-
tion, indicating that instructional scaffolding can support
the consolidation of learning in specific academic settings.
However, the pedagogical implications regarding knowl-
edge transfer remain unresolved. Practitioners should
therefore consider these strategies primarily for support-
ing retention and foundational understanding until further
evidence regarding transfer is established. Future research
should utilise more sensitive transfer metrics and direct
metacognitive measures to delineate the boundary condi-
tions and specific mechanisms of this instructional approach
in comparable multimedia learning contexts.
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APPENDIX A

DETAILED FRIEDMAN TEST RESULTS FOR COGNITIVE LOAD ITEMS

Table A1
Median Scores and Friedman Test Results for Cognitive Load Items Across Four Weeks

ftem S n Week2 Week 3 Week 4 Week 5 Chi-Square of p- Ke'n-
Mdn (Iqr) Mdn (Iqr) Mdn (Iqr) Mdn (Iqr) (x*) values dall’sW

Essential Treatment 70 4 (3) 6 (4) 5 (2.5) 7 (3) 43.11 3 .000 .205

Processind control 65 5 (3 6 @ 6 @ 8 (3 317 3 000 163

1 Treatment 70 4 (2.5) 6 (4.25) 6 (4.25) 7 (4) 38.52 3 .000 183

Control 65 5 (2.5) 6 (4.5) 6 (4) 8 (4) 45.85 3 .000 .235

2 Treatment 70 5 (3) 7 (4.25) 6.5 (3) 8 (4) 25.41 3 .000 121

Control 65 7 (4) 7 (5) 7 (3) 7 (4) 9.7 3 .021 .050

3 Treatment 70 4 (5) 5 (4) 5 (4) 7.5 (3) 39.53 3 .000 .188

Control 65 4 (3) 6 (4) 6 (4) 6 (3) 20.73 3 .000 .106

4 Treatment 70 4 (3) 5 (4) 5 (4) 7 (4) 24.33 3 .000 116

Control 65 4 3) 6 (3) 5 (4) 7 3) 25.1 3 .000 129

5 Treatment 70 4  (425) 5 (6) 5 (4) 5 (4) 7.44 3 .059 .035

Control 65 5 (4) 5 (5) 6 (4) 7 (4.5) 7.51 3 .057 .039

Extraneous Treatment 70 6 (3) 7 (4) 7 (3) 7 (4) 19.35 3 .000 .092

Processing Control 65 7 (2) 7 (4) 7 (4) 7 (3.5) 3.54 3 315 018

6 Treatment 70 5 (3) 5 (5) 5 (3) 7 (4) 17.71 3 .001 .084

Control 65 6 (3.5) 6 (4) 7 (3) 7 (3) 12.04 3 .007 .062

7 Treatment 70 6 (3) 7.5 (4) 7 (4) 7 (4) 16.22 3 .001 .077

Control 65 7 (3) 7 (4) 8 (4.5) 7 (4) 2.20 3 .532 .011

8 Treatment 70 5 (5) 7 (4) 6 (3) 7 (4) 20.5 3 .000 .097

Control 65 8 (3.5) 7 (3.5) 7 (4) 7 (3) 4.57 3 .206 .023

9 Treatment 70 6 (4.25) 7 (4.25) 7 (4) 7 (4) 15.6 3 .001 .074

Control 65 8 (3.5) 7 (4.5) 7 (5) 7 (4) 1.7 3 .640 .009

10 Treatment 70 6 @4 75 (4 65 (325 7 (4) 13.9 3 .003 .066

Control 65 7 (3.5) 7 (4) 6 (5.5) 7 (4) 8.5 3 .037 .043

Generatjve Treatment 5, 5 (3) 7 3) 6 @) 7 3) 24.87 3 .000 118
Processing

Control 65 5 3) 6 (3) 5 (3) 6 (4) 3.18 3 .365 .016

11 Treatment 5, 5 3) 6 (4) 5 ) 6.5 3) 9.8 3 .020 .047

Control 65 5 (3 5 () 5 45 5 () 3.95 3 267 .020

12 Treatment 70 6 (5) 8 (4) 7 (3) 8 (4) 13.89 3 .003 .066

Control 65 5 (5.5) 7 (4) 5 (5) 5 (4) 4.89 3 .180 .025

13 Treatment 70 5 (2) 6 (4.25) 5 (3) 7 (2) 27.67 3 .000 132

Control 65 5 (3) 6 (3) 6 (4.5) 6 (4) 1.45 3 693 .007
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Week2 Week 3 Week 4 Week 5

Item Groups n S S df p- e
Mdn (Iqr) Mdn (Iqr) Mdn (Iqr) Mdn (Iqr) (x?) values dall’s W

14 Treatment 70 5 (4) 6 (3.25) 5.5 (3) 6 (3) 17.83 3 .000 .085

Control 65 5 (4) 6 3) 6 (4) 5 (4) 5.16 3 161 026

15 Treatment 70 5 (4) 6 (4) 5 (3) 6 ) 3.56 3 312 017

Control 65 5 (4) 6 2) 5 3) 5 (3) 4.63 3201 024

Note. n = sample size, Mdn = Median, P= p-value, W= effect size. Significant at 0.05 level.
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APPENDIX B

DETAILED PAIRWISE COMPARISONS OF COGNITIVE LOAD ACROSS WEEKS

Table B1

Significant Pairwise Comparisons from Wilcoxon Signed-Rank Tests Across Four Weeks

Item Group W2-Ww3 W2-w4 W2-W5 W3-w4 W3-W5 W4-W5
Essential Treatment .000* .000* .000* .698 .014 .019
Processing Control .018 .006* .000* .837 .004* .001*
1 Treatment .000* .000* .000* .606 .015 .004*

Control .001* .002* .000* .672 .003* .000*
2 Treatment .010 .038 .001* .605 .209 .023
Control .628 114 .007* 193 .048 .270
3 Treatment .006* .003* .000* .642 .002* .001*
Control .001* .002* .000* .893 140 .029
4 Treatment .005* .001* .000* .642 .018 .100
Control .003* .007* .000* 458 .032 .004*
5 Treatment 244 .099 .018 .765 .303 .500
Control 717 127 .004* 181 .018 219
Extraneous Treatment .003* .002* .008* .941 .571 495
Processing Control .251 .073 .183 484 .789 .228
6 Treatment .186 .038 .001* 453 .012 .069
Control 439 123 .003* .307 .032 .083
7 Treatment .010 .010 .020 .888 .810 746
Control .293 .388 .170 .805 .679 .887
8 Treatment .003* .036 .002* 174 .389 .039
Control .616 232 .097 .345 .362 .801
9 Treatment .037 .010 .022 .628 .366 .762
Control 425 .336 .631 .924 722 719
10 Treatment .003* .008* .016 .630 .578 .627
Control .755 .091 .938 .035 .606 .005*
Generative Treatment .000* .160 .000* .004* .632 .000*
Processing Control .025 .298 .070 .084 .353 .343
I Treatment .062 232 .012 433 .283 .061
Control 451 .920 455 414 .343 272
12 Treatment .001* .042 .010 .051 .692 .109
Control .531 .654 .239 77 .023 .378
13 Treatment .003* 135 .000* .102 197 .000*
Control 102 .390 .316 .220 466 .623
14 Treatment .001* .086 .000* .046 324 .001*
Control .004* .045 122 .208 .070 .870
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Item Group w2-w3 W2-w4 W2-W5 WwW3-w4 W3-W5 W4-W5
15 Treatment 123 448 132 .266 932 155
Control .011 .074 .010 .380 .936 233

Note. Asterisks (*) indicate significance at Bonferroni-corrected alpha level (.0083).
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APPENDIX C

UNCORRECTED BETWEEN-GROUP ITEM-LEVEL TRENDS IN ESSENTIAL COGNITIVE LOAD
Figure C1

Note. Asterisks (*) indicate raw, uncorrected statistical significance (p < .05). These figures are provided for exploratory visual reference
only and should not be interpreted as confirmatory after Holm-Bonferroni correction.
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APPENDIX D

UNCORRECTED BETWEEN-GROUP ITEM-LEVEL TRENDS IN EXTRANEOUS COGNITIVE LOAD
Figure D1

Note. Asterisks (*) indicate raw, uncorrected statistical significance (p < .05). These figures are provided for exploratory visual reference
only and should not be interpreted as confirmatory after Holm-Bonferroni correction.
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