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Introduction

Abstract

Background: Cognitive Load Theory (CLT) explains how memory processes affect learning
and retention. In healthcare education, managing complex knowledge, skills, and
behaviours can overwhelm learners, underscoring the need for instructional designs that
balance cognitive demands. Faculty and course evaluation (FCE) comments offer
qualitative insights into student perceptions of instructional effectiveness. This study
applies CLT to analyse FCE comments and identify instructional practices that support
effective learning. Methods: Student FCE comments in a 3-year accelerated Doctor of
Pharmacy (PharmD) programme (2019 — 2023) were anonymised, compiled into a text
corpus, and analysed using a literature-derived CLT codebook. Three investigators
conducted qualitative analysis to identify recurring cognitive load themes.  Results:
Codes were categorised into extraneous, intrinsic, and germane load elements. The most
frequent theme involved instructional practices increasing extraneous load (400 codes),
reflecting unnecessary cognitive burden. Supportive and organised teaching practices
were linked to reduced extraneous load (321 codes). Simplified explanations and real-life
examples were associated with minimising intrinsic load. Interactive and inclusive
methods were identified as enhancing germane load (20 codes).  Conclusion: Findings
demonstrate how student experiences reflect CLT principles and offer guidance for
improving instructional design. Applying CLT in healthcare education can foster more
efficient, engaging, and meaningful learning environments.

Sensory memory acts as a temporary repository for
environmental information, receiving and briefly
storing data from visual and auditory channels (Camina

Cognitive Load Theory (CLT) is an influential framework
in educational psychology (Sweller, 2019; Ouwehand,
2025). The interplay between the human memory
system and CLT is critical to understanding how
effective learning occurs (Paas & Ayres, 2014). The
human memory system plays a crucial role in
processing, storing, and retrieving information (Camina
& Guell, 2017; Loftus & Loftus, 2019). At its core, the
system consists of three main components: sensory
memory, short-term (or working) memory, and long-
term memory (Eggen, 2020). Each component interacts
with cognitive processes, substantially influencing
learning and information retention (Tyng et al., 2017).
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& Guell, 2017). Most sensory information remains
subconscious until a learner focuses on specific
information, at which point it transitions to the next
stage (Wang et al., 2022). Working memory, where
conscious processing of information occurs, has a
limited capacity, typically holding about seven items at
a time, and retaining information for about 20 seconds
(Baddeley & Hitch, 1974). Working memory is crucial in
cognitive functions such as reasoning, comprehension,
and learning. Due to its limited capacity, working
memory can become easily overloaded, which impacts
cognitive performance and learning efficiency
(Baddeley, 2012). Consequently, information is either
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discarded or rehearsed and transferred to long-term
memory, where information is stored indefinitely.
Long-term memory is categorised into explicit memory
(personal experiences and general knowledge) and
implicit or procedural memory (skills and habits). The
information transfer from short-term to long-term
memory occurs through encoding, consolidation, and
retrieval processes. Effective learning strategies and
instructional design facilitate this transfer, ensuring
that information is retained and accessible for future
use (Widmaier et al., 2022).

The CLT is especially relevant in healthcare education,
where learners concurrently process various
knowledge, skills, and behaviours, often resulting in
information overload (Van Merriénboer & Sweller,
2010). CLT emphasises the limitations of working
memory and offers a framework for designing
instruction that balances three types of cognitive load:
intrinsic, extraneous, and germane (Jordan et al., 2020;
Sweller, 2010). Intrinsic load is tied to the inherent
complexity and interactivity of learning material
(Sweller, 2010). The level of element interactivity,
which refers to how many components of the
information material must be processed together,
drives this load (Sweller, 2010). For example, learning a
drug’s mechanism of actions or pathophysiology of a
disease imposes a higher intrinsic load than simpler
tasks. Moreover, a learner's prior knowledge affects
intrinsic load, as those with a prior understanding of the
subject matter experience lower cognitive strain than
those without it (Sweller, 1994). Extraneous cognitive
load is the unnecessary mental effort resulting from
poor instructional design and delivery, including
unclear instructions, complex presentations, and
distractions that disrupt learning (Young et al., 2014).
Reducing this load is vital for effective teaching, as it
frees up mental resources for actual learning (Van
Merrienboer & Sweller, 2005). In contrast, germane
load represents mental effort directed toward schema
construction and deeper learning, which can be
fostered through active and engaging instructional
strategies (Hadie et al., 2018; Sweller, 2010).

Despite its contributions to understanding learning
processes, CLT research is hindered by the lack of a
standardised, objective metric to assess cognitive load.
Existing methods such as self-report surveys, dual-task
techniques, and physiological measures are
methodologically constrained, resource-intensive, and
rarely feasible in classroom settings (Leppink & van den
Heuvel, 2015; Ghanbari et al., 2020). This study aims to
contribute to bridging this gap by examining students’
lived experiences as a qualitative proxy for
understanding cognitive load in real-world educational
contexts. FCE comments offer a valuable but
underutilised source of data, capturing nuanced
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perceptions of instructional effectiveness, clarity of
materials, and barriers to learning that are not easily
measured by quantitative  instruments.. By
systematically analysing qualitative student narrative
data through the lens of CLT, this study seeks to
illuminate how students’ perceptions of instruction
align with intrinsic, extraneous, and germane cognitive
load. This approach not only illuminates the lived
experiences behind cognitive challenges but also offers
educators actionable insights into instructional
practices that support or hinder learning.

Methods

The study analysed written comments from a
convenience sample of 1,267 FCEs drawn from a total
of 5,760 evaluations collected from the Office of
Institutional Effectiveness and Research in an
accelerated 3-year PharmD programme. A total of 89
students across four cohorts completed FCEs between
Summer 2019 and Fall 2023, with multiple evaluations
provided by the same students over time. This subset
was selected because it represented narrative
comments, providing a manageable yet information-
rich dataset for thematic analysis. The FCE comments
were drawn from 45 courses spanning biomedical
sciences, pharmaceutical sciences, clinical sciences,
and practice-based experiences. Of these, 25 were
from the first year, 18 from the second year, and 2 from
the third year. This sample allowed for exploration of
cognitive load manifestations across multiple domains
of pharmacy education, thereby enhancing the
transferability and relevance of the findings to diverse
instructional contexts. The FCE comments were
compiled into a single text corpus that was
systematically examined to understand cognitive load
in educational settings. From these, instructors’ names
and other identifying details were redacted to ensure
confidentiality. The text comments were compiled into
a single corpus and prepared for analysis. Because
comments ranged from short phrases (e.g., “great
professor”) to longer reflections, they were segmented
into the smallest coherent “units of analysis,” defined
as single, self-contained ideas about teaching or
learning, with relevance to CLT kept in mind. This
process yielded 804 units. Segmenting by meaning
units, rather than whole comments, ensured both brief
and extended responses contributed proportionally
and allowed for more precise, consistent coding
(Kawaguchi-Suzuki et al., 2023). The text data were
organised in an Excel spreadsheet for coding and
subsequent thematic examination.
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The research team comprised two pharmacy educators
in academic leadership roles with extensive experience
in curriculum development, instructional design,
assessment, and qualitative research. The third
investigator was a PharmD candidate with formal
training in qualitative research. All three investigators
had prior publications in qualitative research. Before
undertaking the analysis, the investigators participated
in a faculty development workshop on CLT and its
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relevance to health professions education. This
training emphasised the distinctions between intrinsic,
extraneous, and germane cognitive load as defined in
Table I. Drawing on existing literature on CLT and its
relationship with teaching and learning practices, an a
priori codebook was developed to guide the coding
process (Ghanbari et al.,, 2020; Jordan et al., 2020;
Leppink & van den Heuvel, 2015; Van Merriénboer &
Sweller, 2010; Younget al., 2014).

Table I: Definitions of cognitive load theory constructs and associated instructional practices and faculty attributes

utilised in coding student FCE comments

CLT element Definition

Instructional factors influencing CLT

Intrinsic cognitive Cognitive load inherent to the

Factors managing intrinsic cognitive load

load complexity of learning material; e Clear sequencing of concepts

determined by the interactivity
of the elements.

o Breaking complex tasks into simpler components
e Prior knowledge activation

e Scaffolding of content

Factors increasing intrinsic cognitive load

e Overly complex content without scaffolding
o Lack of alignment between learners' existing knowledge and new content
o High complexity tasks presented simultaneously

Extraneous Cognitive load imposed by the

cognitive load
contribute directly to learning
objectives.

Factors reducing extraneous load
instructional design; does not e Clear, concise, and organised materials
o Avoiding irrelevant information

e Consistent presentation formats

o Effective multimedia integration (e.g., coherent PowerPoint design)

Factors increasing extraneous load

e Unnecessary information or distractions

e Poorly organised or cluttered presentations

o Ineffective use of multimedia (e.g., excessive animations, irrelevant visuals)
e Ambiguous instructions or unclear expectations

Germane cognitive Cognitive load that contributes

Factors increasing germane load

load directly to learning and schema e Active learning techniques (discussions, case studies, problem-based learning)

construction; fosters meaningful
learning outcomes.

o Reflection and self-explanation
e Interactive learning environments

e Encouraging metacognitive strategies
e Facilitation of connections between new and existing knowledge

Factors reducing germane load

e Passive learning environments (e.g., purely lecture-based without interaction)
e Lack of opportunities for reflection or critical thinking

e Minimal application or real-world relevance of content

o |nsufficient feedback and guidance from faculty

Thematic analysis was conducted to identify recurring
themes related to cognitive load, using a deductive
approach. To minimise potential bias stemming from
the investigators’ positionality, coding was performed
independently by three investigators independently.
The data were coded by systematically reading and
tagging each unit of analysis with relevant codes, which
were then organised into categories corresponding to
the predefined themes in the codebook. Codes were
first grouped into descriptive categories (e.g., “poor
instructional quality,” “content overload”), which were
then abstracted into broader themes aligned with CLT
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elements. Any discrepancies were resolved through
discussions and consensus meetings. The consensus
coding was employed as a recognised strategy to
enhance analytic rigour, ensure interpretive
consistency, and preserve the contextual nuance of
qualitative data (MacPhail et al., 2016; Olmos-Vega et
al., 2023). The analysis was designed to interpret the
entire dataset through the CLT framework rather than
contrast specific subgroups; therefore, results are
reported as absolute frequencies to directly represent
how often particular themes appeared across all
student comments. All the data were entered in an
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Excel worksheet. To maintain methodological rigour,
the authors adhered to established qualitative research
guidelines (Kawaguchi-Suzuki et al., 2023). This study
was granted exempt status by the American University
of Health Sciences Institutional Review Board.

Results

Analysis of the students’ FCE comments revealed
patterns related to instructional quality, course
organisation, and engagement. These experiences
were not expressed by students in terms of cognitive
load constructs but were subsequently interpreted by
the research team using CLT as a guiding framework
(Table 1). Through this lens, student feedback was
coded to instructional practices associated with
extraneous, intrinsic, and germane load.

The most frequently identified theme (400 codes)
involved reports of instructional practices that
hindered learning. Students described ineffective

Cognitive load insights from student s’ comments

teaching, unclear guidance, inconsistent objectives,
disorganised delivery, conflicting materials, content
overload, unfair or poorly designed assessments, and
communication problems (Table Il). For example, one
student remarked, “Worst class ever, very unorganised
unprofessional instructor, waste of time over watching
YouTube videos without sounds, and | didn't learn
anything in this class.” Another added, “In the class he
is the solo speaker which makes the class boring. He
does not give us any break and it makes the second part
of the class even harder while he is the only one talking
in the class.” Additional concerns included
unprofessional instructor behaviour, lack of
engagement, irrelevant content, heavy workload, and
technology issues. As one student summarised, “These
unfair set of expectations left students extremely
stressed and did not foster a welcoming learning
environment.” Another commented, “This course was
poorly managed. It was more stressful and did not add
to my learning.” Interpreted through CLT, these reports
reflect instructional factors aligned with increased
extraneous load.

Table Il: Mapping students’ learning experiences to elements of cognitive load theory

Themes Categories Codes Frequency
Elements Poor instructional quality Ineffective teaching, poor teaching, unclear guidance, inconsistent learning 152
increasing objectives, teaching method confusion, fast paced or rushed delivery, unprepared,
extraneous no guidance, need improvement in sharing materials, poor slides, bad slides, slides
load for unorganised
students Poor course organisation Poor design, conflicting materials, design problem, disorganised, unorganised, 57
(N=400) and management unorganised delivery, poor organisation, confused-unprepared, poor course
management
Content overload Content overload, overloaded materials, overload and rushed 52
Assessment issues Insufficient assessment, inappropriate assessment, poor assessment, unfair 45
assessments, poor assessment planning
Communication issues Poor communication, bad communication, lack of communication, language 25
barrier, difficulty understanding, hard to understand
Unprofessional instructors Lack of professionalism, behaviour issues, rude behaviour, dismissive behaviour, 20
attitude and professionalism, lack of empathy
Lack of student Lack of engagement or interactions, minimal class interactions, extraneous talking, 15
engagement unclear course objectives
Unrelated or Irrelevant Unrelated course content, irrelevant assignments, relevance issues 15
content
Workload management Workload, schedule changed, inconvenience, unsupportive. 14
Learning environment Poor learning environment, poor environment 5
Elements Great personal attributes Amazing professor, best professor, caring professor, great professor, good teacher, 168
reducing of professors approachable and flexible, knowledgeable, knowledgeable & caring, knowledgeable
extraneous & passionate, experienced, humble and caring
IoNac;u Effective teaching style Effective teaching, excellent teaching. organised teaching. great teaching, enjoyable 100
(N=321) teaching, engaging teaching, energetic & focused, positive learning experience,
excellent delivery
Enjoyable learning enjoyable learning, enjoyable learning environment, positive attitude, positive 36
experience feedback, helping students, positive learning experience, great environment
Organised course Organised, organised and focused, great materials, excellent slides and materials, 17
materials slides organised, great course organisation, great content and materials
Pharmacy Education 26(1) 116 - 126 119
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Themes Categories Codes Frequency
Elements Simplify complex content Everything was easy to follow, interdisciplinary approach bridges the gap between 58
minimising presentation theory and application, incorporating cases/scenarios in the lectures, presented it
intrinsic in @a manner that was understandable, emphasise main points, clarify difficult
load (N=67) concepts, examples and lot of practice questions to understand the concept, easy
to understand, explain details, elaborates on topic, focus main concept
Instilling interest using bring real life experience into the class, making the class very interesting 9
real-life examples
Elements Engaging and interactive Engaging, interactive, focused, increased attention, enjoyable learning, inclusive 15
increasing learning experience learning environment, positive learning environment, understand better, energy
germane and enthusiasm
load (N=20) . )
Helpful materials and Clear homework or worksheet, understand everything thoroughly 3
instructions
Constructive feedback Constructive feedback 2

In contrast, 321 codes highlighted practices that
students perceived as supportive and well-structured.
Personal attributes of faculty (168 mentions)—
described as caring, approachable, knowledgeable, and
passionate—were frequently praised for creating a
positive environment. For example, one student wrote,
“Not only does she demonstrate a deep understanding
of the subject matter, but her approach to teaching is
both engaging and effective. | thoroughly enjoyed her
class and found her to be an excellent educator. Her
commitment to students' learning and her
professionalism are truly commendable.” Effective
teaching style (100 mentions) also emerged as a key
factor, with students valuing clear explanations,
organisation, and engaging methods. One noted,
“Professor is very organised and uses the most effective
study methods to help incorporate student interaction
in the classroom.” Another shared, “She offers excellent
PowerPoints with all the information that is needed by
her students. She explained the topics extremely well.
She goes above and beyond explanation during her
lecture.” These elements were interpreted as factors
that reduce extraneous load by easing unnecessary
cognitive strain.

A smaller set of 67 codes emphasised faculty efforts to
make challenging material more accessible. Students
valued clear explanations, practice problems, and real-
life examples that clarified difficult concepts. For
instance, one student commented, “[Professor] really
gave an impressive breakdown of calculations’ skills
that ease and clarify the concepts.” Another wrote,
“[Professor] stands out as one of the best professors I've
had. Despite teaching one of the challenging subjects,
her well-structured and detailed slide presentations
make the material much easier to understand.” Real-
world illustrations were also praised: “[Professor] does
a great job teaching this course. He explains everything
very well and always gives examples from real life
professional situations at different pharmacy settings.”
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Interpreted through CLT, these practices represent
strategies that help manage intrinsic load.

Finally, 20 codes described instructional practices that
students associated with active and meaningful
learning. These included interactive teaching,
constructive feedback, inclusive environments, and
opportunities for collaboration. For example, students
reported that “The course material was presented in a
very organised manner, which helped me follow along
and understand better” and “His teaching methods
encouraged active student participation in activities
and discussions.” Others highlighted the value of
scaffolding and group activities: “Group assignments
offer a welcome relief, allowing us to redirect our focus
towards the course material itself.” Another noted, “He
makes the class very interactive, and an inclusive
learning environment to ask questions and be more
involved.” These patterns were interpreted as practices
that can foster germane load by supporting deeper
engagement and schema construction.

Discussion

This study analysed students’ FCE comments on their
learning experiences and interpreted them through the
lens of CLT. While students did not directly reference
CLT, their feedback was aligned with its constructs to
provide insights into intrinsic, extraneous, and germane
cognitive load. Most student experiences were coded
under the theme of increasing extraneous load, with
subsequent coding capturing elements that reduced
extraneous load, minimised intrinsic load, and
promoted germane load.

In the current study, most student experiences coded
to increased extraneous load reflected perceptions of
poor instructional quality, including ineffective
teaching, inconsistent objectives, unclear guidance,
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disorganised delivery, conflicting materials, and
content overload. Collectively, these issues contributed
to a stressful and unwelcoming learning environment,
often compounded by perceptions of unfair
expectations and poor course management that
further detracted from learning. The student
experiences coded to this theme align with earlier
studies demonstrating how instructional inefficiencies
and poor course organisation contribute to increased
extraneous load (Jordan et al., 2020; Sweller et al.,
2019). Moreover, research has shown that extraneous
cognitive load is amplified also by interpersonal
distractions from instructors and peers (Frisby et al.,
2018; Myers et al., 2015). Such interruptions hinder
learning by diverting attention away from essential
content and obstructing the processes necessary for
schema construction (Van Merrienboer & Sweller,
2005; Frisby et al., 2018).

Conversely, students’ positive experiences, interpreted
by the authors as indicators of reduced extraneous
load, represented the second most common theme.
Positive  feedback highlighted approachable,
knowledgeable, and supportive professors, along with
clear explanations and organised materials; these were
categorised as elements reducing extraneous load.
Drawing from recent literature, various instructional
approaches have been proposed and validated to
balance and control cognitive load (Sweller & Van
Merrienboer, 2013; Paas & Sweller, 2014). The present
study findings align with studies showing that a
supportive and structured instructional approach
enhances cognitive capacity by reducing unnecessary
burdens (Feldon et al.,, 2019; Fisher & Frey, 2021).
Reducing extraneous cognitive load by limiting
distractions, streamlining lecture materials, and
refining instructional delivery enables students to
concentrate on essential content without unnecessary
cognitive burden (Jordan et al., 2020). When learning
environments are free from disruptions, students can
more  effectively sustain  attention, integrate
information, and construct schemas, which in turn
enhances overall learning outcomes (Choi et al., 2014;
Rajesh & Reena, 2015). Additionally, instructional
clarity is essential in reducing cognitive strain and
ensuring students can easily grasp and retain new
information(Bolkan & Goodboy, 2020; Martin & Evans,
2019).

Building on these student experiences, it is important
to consider specific instructional strategies that can
help minimise extraneous cognitive load. To manage
extraneous cognitive load, instructors should provide
clear and concise instructions while maintaining a
consistent structure and format throughout the lesson
(Cowan, 2010; Van Merriénboer & Sweller, 2010; Qiao
et al., 2014; Van Merriénboer & Kirschner, 2017).
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Sequencing content logically minimises unnecessary
strain and supports knowledge building (Van
Merriénboer & Kirschner, 2017). Well-designed
presentation materials—such as simplified slides with
limited text, bullet points, relevant visuals, and periodic
summaries—help students focus on essential content
(Clark, 2008; Costley et. al, 2024). Reducing
redundancy, integrating information across modalities,
and optimising delivery further lessen extraneous load
(Jordan et al., 2020). Instructor performance also plays
a critical role: clear speech, confident presence,
purposeful eye contact, and controlled gestures sustain
attention while minimising nonverbal distractions
enhances learning. Effective use of multimedia and a
well-prepared lecture environment further engage
students and reduce disruptions (Jordan et al., 2020;
Khuman, 2024).

Beyond extraneous load, student comments were
coded to factors related to intrinsic load, reflecting how
the inherent complexity of course content and the
instructional approaches shaped their ability to engage
and learn effectively. In health profession education,
basic and clinical science courses are inherently
complex and impose a high intrinsic cognitive load (Van
Merriénboer & Sweller, 2010). In this study, faculty
practices such as clear explanations, real-life examples,
interdisciplinary approaches, and practice questions
were coded to the theme of minimising intrinsic load.
Students especially valued efforts to clarify difficult
concepts and apply real-life pharmacy scenarios, which
enhanced engagement and connected coursework to
authentic practice. Recognising the limits of working
memory, educators can apply CLT principles to design
effective strategies that help students master these
demanding subjects. Current literature on cognitive
load theory provides insights into instructional
techniques that support effective learning and
knowledge retention by managing intrinsic load
(Siregar, 2024; Van Merriénboer & Sweller, 2010).
Strategies include breaking down complex concepts
into smaller components (Gooding et al., 2017), using
step-by-step tutorials that progress from simple to
complex tasks (Cutting & Saks, 2012), and limiting the
number of elements introduced at once through
isolated, interactive components  to avoid
overwhelming cognitive demands (Leppink & Duvivier,
2016; Sweller, 2010).

Germane cognitive load is the mental effort directed
toward constructing and automating schemas, which
are  mental structures that organise and
integrateknowledge (Paas et al., 2004; Moreno & Park,
2010). Schema construction involves processes such as
organisation, interpretation, classification, inference,
and differentiation (Mayer, 2002). In this study, fewer
student comments were aligned with germane load,
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though interactive and engaging strategies,
constructive feedback, and well-structured materials
were noted as supportive. Literature highlights
approaches that enhance germane load by directing
learners’ attention to essential processes, including
active learning, case studies, contextualised examples,
and self-explanation (Catrambone & Yuasa, 2006;
Gerjets et al., 2006; Papadopoulos et al., 2009; Costley
& Lange, 2018). Chunking, scaffolded , peer teaching,
reflection and collaborative activities reinforce schema
construction (Ten Cate & Durning, 2007; Demetriadis et
al., 2008; Kirschner et al., 2009; Costley, 2021). Visual
tools and real-world applications further promote
integration, comprehension, and long-term retention
(Cook, 2006; Kolfschoten & Brazier, 2013; Schindler &
Burkholder Jr, 2014; Woo, 2014; Sweller et al., 2019;
Kassam et al., 2024; Greenberg & Zheng, 2023; Zhong,
2024).

At AUHS School of Pharmacy, FCEs are triangulated
with other assessment measures—including learning
outcomes mapping, embedded assessments,
curriculum reviews, and AACP surveys—so that student
feedback is interpreted within multiple evidence
streams. Applying a CLT lens to these comments has
provided faculty with clearer insight into how their
teaching practices influence intrinsic, extraneous, and

Cognitive load insights from student s’ comments

germane load. These insights have been incorporated
into faculty workshops to foster reflective practice and
guide strategies that minimise cognitive overload and
enhance student learning. Over the past four years, this
approach has contributed to tangible curricular
reforms, including credit-hour realignment, content
streamlining to reduce overload, and the introduction
of practice-readiness and licensure preparation courses
(Islam & Yang, 2023).

Table Il presents a framework of best teaching
practices grounded in CLT, outlining strategies to
manage intrinsic load, reduce extraneous load, and
enhance germane load. Mapping student evaluations
to CLT constructs provides a feasible strategy to detect
when instructional design may inadvertently increase
extraneous load (e.g., disorganised delivery, unclear
expectations, excessive content density, rapid pacing).
Conversely, identifying comments aligned with
germane load helps educators recognise when
students are engaging in deeper schema construction.
Embedding CLT-informed coding into routine course
review can therefore function as an early warning
system—highlighting instructional practices that
compromise learning efficiency while reinforcing those
that promote effective learning.

Table Ill: Best teaching practice recommendations informed by CLT

Optimisations area (CLT
elements)

Recommended teaching practices

Managing intrinsic load e Break down complex topics into smaller, sequentially organized components.

e Introduce foundational knowledge before advancing to complex concepts.

e Use scaffolding techniques such as worked examples and guided practice.

e Relate new information to students’ prior knowledge to reduce complexity.

e Gradually increase task complexity as learners build expertise.

Reducing extraneous load e Provide clear, concise instructions and maintain consistent course structure.

e Avoid redundant or irrelevant information that may distract learners.

o Simplify presentation slides by using minimal text and clear visuals.

e Use signaling (highlighting, bolding, arrows) to direct learners’ attention to key elements.

e Ensure alignment between objectives, activities, and assessments.

e Eliminate unnecessary jargon or overly complex wording.

Enhancing germane load e Encourage active learning strategies such as group discussions, problem-solving, and case studies.

e Incorporate retrieval practice, self-explanations, and reflection activities.

e Provide constructive feedback that promotes schema development.

e Use real-world examples and contextualized cases to foster deeper understanding.

e Promote metacognitive strategies, including planning, monitoring, and evaluating learning.

e Foster a positive learning environment that supports motivation and engagement.

Overall integration e Balance intrinsic, extraneous, and germane load to match learners’ cognitive capacity.

e Regularly assess student feedback to adjust teaching strategies.

e Incorporate multimodal instruction (visual, auditory, kinesthetic) to enhance comprehension.

o Design learning activities that progressively build expertise while avoiding overload.
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This study has several limitations. First, the data were
collected from a single institution, which may not
capture the diversity of institutional cultures, student
demographics, and instructional methods across
different settings. Additionally, the reliance on self-
reported FCE data introduces inherent subjectivity. The
study period also spans the COVID-19 era, during which
shifts in instructional modality, assessment practices,
and student stressors may have influenced the tone
and content of evaluations. Although three
investigators independently coded using an a priori
CLT-informed codebook, no formal inter-rater
reliability statistics were calculated; consensus was
instead reached through discussion, which enhances
trustworthiness but limits reproducibility. Because the
same students often evaluated multiple courses,
repeated measures may have influenced code
frequencies, meaning results should be interpreted as
descriptive patterns rather than independent
observations. Finally, the analysis does not provide a
direct measure of cognitive load but interprets student
perceptions through the lens of CLT constructs, serving
as an applied theoretical framework rather than a
validated instrument. Despite these limitations, the
dataset offers unique longitudinal insights into student
learning experiences in an accelerated PharmD
programme and highlights opportunities for future
studies to integrate perception-based analyses with
validated CLT measures and more diverse institutional
contexts.

Conclusion

This study emphasises the connection between
students' perceived learning experiences and CLT,
offering suggestions to improve faculty teaching
practices. In healthcare education, where the volume
and complexity of information are particularly high,
educators can create more effective and meaningful
learning experiences by applying CLT principles. By
identifying  strategies that effectively reduce
extraneous load and enhance germane load, educators
can optimise teaching practices and create more
supportive learning environments. The model provides
a replicable framework for other pharmacy
programmes seeking to align student perceptions with
evidence-based educational enhancement.
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