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Background: Although cognitive load theory has been applied in general nursing education, its role in epilepsy specialist training
remains unexplored, particularly in resource-constrained regions such as Northeast China, where medical disparities intensify learning
barriers.

Objective: To investigate the cognitive load experienced by epilepsy specialist nurses (ESNs) during training in Northeast China.
Methods: The research participants were 10 nurses who underwent epilepsy training between December 2023 and February 2024, all
from tertiary hospitals within the province. Data were collected through semi-structured interviews. Colaizzi’s phenomenological
method was used for data analysis.

Results: Epilepsy specialist training nurses face challenges related to intrinsic load, including inadequate disease knowledge and the
complex nature of neuroanatomy and electrophysiology. Extrinsic load arises from the negative effects of instructional techniques and
educational environments, such as the limitations of traditional teaching methods and the mixed effectiveness of scenario-based
simulations. Germane load relates to professional beliefs that enhance learning effectiveness, such as the influence of exemplary
mentors and professional identity, along with active reflection and the internalisation of knowledge, which can substantially improve
the learning outcomes of ESNs.

Conclusion: Nurses engaged in epilepsy care in Northeast China experience a relatively high cognitive load during ESNs training,
and their level of specialised theoretical knowledge requires improvement. Optimising the training model by reducing intrinsic and
extrinsic loads while increasing germane load can effectively enhance the training’s overall effectiveness. The findings of this study
offer specific recommendations for improving the quality of ESNs training in real medical education settings.
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Introduction
Epilepsy is a brain disorder characterised by a persistent predisposition to seizures, affecting more than 70 million people
worldwide.! It imposes a considerable economic burden on healthcare systems as well as on individuals and their
families.” In China, the total number of people with epilepsy is currently estimated at approximately 9—10 million, yet
only about one-third receive appropriate or adequate treatment.> As a typical region with an uneven distribution of
medical resources, Northeast China faces unique challenges in epilepsy diagnosis and treatment, including under-
developed epilepsy speciality services in primary-level hospitals and an incomplete training system for specialist nurses.
As a result, patients often have to seek medical care across regions. Against this backdrop, the role of epilepsy specialist
nurses (ESNs) is crucial.

Epilepsy specialist nurses are registered nurses with specific professional qualifications, having undergone
comprehensive theoretical and practical training in epilepsy care. They demonstrate specialised nursing skills in
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epilepsy management and effectively apply their knowledge to deliver high-quality care to patients with epilepsy.
These nurses obtain certification as specialists following successful assessment.* Internationally, epilepsy nursing
experts are often regarded as key contributors to improving the integration of epilepsy care and enhancing patient
self-management. Many countries have already established mature training systems and professional certification
standards.” However, China remains at the initial stage of training ESNs and lacks research from the perspective
of cognitive load to optimise the training process and improve outcomes.

In recent years, domestic research on the training of ESNs has gradually increased, but overall, it remains in
the exploratory stage. Some studies have mainly focused on the application of epilepsy nursing pathways and
satisfaction analysis.® For example, one study has found that, by comparing the effects of routine care and clinical
nursing pathway interventions, the clinical nursing pathway can effectively improve patients’ health knowledge,
shorten hospital stays, reduce medical expenses and enhance medication adherence and nursing satisfaction.®
However, existing studies have mostly concentrated on the outcomes of nursing pathway applications, with
relatively little research on cognitive load during the training of ESNs.

Cognitive load theory (CLT) was proposed by Sweller et al in the 1980s. It posits that human cognitive
resources are limited, and if the amount of information to be processed at one time exceeds this capacity, it results
in excessive cognitive load, hindering or preventing effective information processing.” This theory is a core model
in educational psychology and has been increasingly applied in medical education in recent years.® In China, the
effectiveness of stepwise training based on CLT for new nurses has also been verified. Studies have shown that,
compared with traditional methods, stepwise training based on CLT can reduce the training load on new nurses
and improve training outcomes.” However, research on training for nurses specialising in epilepsy remains
relatively limited. Existing studies have mainly focused on the outcomes of nursing pathway applications, with
insufficient attention to the dynamic impact of cognitive load during training.

This study adopts CLT as its guiding framework based on the following considerations. 1) Advantages of CLT:
CLT emphasises the total cognitive resources expended by individuals during information processing in learning or
task completion. These resources are categorised into three types according to their source and function: intrinsic
load, extraneous load and germane load.” This theoretical framework supports a systematic analysis of cognitive
load issues in the training of ESNs, thereby providing a theoretical basis for optimising training strategies. 2)
Applicability to complex knowledge acquisition: epilepsy specialist knowledge is complex and highly specialised,
involving content from various fields such as brain structure and neurophysiology, which presents a considerable
learning challenge.'® Cognitive load theory helps identify ways to reduce the cognitive load on nurses and improve
learning outcomes by optimising teaching methods and content delivery when learning such complex material. 3)
Comparison with other theories: although other educational theories, such as Bloom’s taxonomy of educational

" and Bandura’s social learning theory,'* can also guide nursing training, CLT

objectives in the cognitive domain
focuses more directly on the allocation of cognitive resources and the efficiency of information processing. This
makes it particularly suitable for analysing and optimising cognitive load in the training of ESNs.

This study integrates the actual domestic situation to conduct an in-depth analysis of cognitive load issues in the training
of ESNs and puts forward specific improvement suggestions. The innovativeness of this study lies in two main aspects: first,
we constructed a multi-dimensional analysis framework, which is composed of three major theories: the CLT, Bloom’s
taxonomy of cognitive objectives and Bandura’s social learning theory. Among them, the CLT serves as the diagnostic lens to
dissect cognitive barriers, Bloom’s taxonomy provides the scaffolding principle for content organization, Bandura’s theory
explains culture-specific motivators. Secondly, proposing hierarchical optimisation strategies targeting the medical resource
gaps in Northeast China. The research findings provide both a theoretical basis and practical pathways for regional training of
ESNs. The aim is to fill the gap in domestic research on cognitive load in ESNs training. By exploring the cognitive load
faced by Chinese nurses during their participation in this training and its impact on outcomes, the study offers a scientific

basis for optimising training strategies and improving training quality.
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Methods

Design

This study employed a descriptive phenomenological research method and was conducted at the epilepsy centre of
a tertiary hospital in Jilin Province between December 2023 and February 2024. Phenomenology was chosen as the
methodology to gain a deep understanding of individuals’ experiences and to elucidate the meanings they ascribe to these
experiences. It primarily focuses on qualitatively exploring experiences and identifying the meanings attached to them.'?
This method was selected because it allowed researchers to explore ESNs’ descriptions of cognitive load during the
training process. And, our study employed a multi-dimensional framework integrating CLT,” Bloom’s Taxonomy,'" and
Bandura’s Social Learning Theory.'”> CLT informed the analysis of intrinsic/extraneous/germane load; Bloom’s
Taxonomy scaffolded learning complexity levels (basic EEG concepts [understand] to clinical decision-making
[apply]); and Bandura’s theory shaped role-modeling interventions in simulations.

Participants

The participants in this study were 10 nurses undergoing epilepsy specialist training at hospitals of various levels in Jilin
Province between December 2023 and February 2024. A total of 10 nurses were ultimately included (Table 1),
representing a range of ages (2944 years) and professional titles to enhance the representativeness of the sample.

The sample selection criteria were as follows: 1) years of experience — participants had 5-20 years of work
experience to ensure diversity within the sample; 2) professional background — all participants held a bachelor’s degree
and had a solid professional foundation; and 3) hospital grade — all participants were from Class III Grade A hospitals to
ensure a high professional standard. To ensure the representativeness of the sample, a statistical analysis of its basic
characteristics was conducted and compared with the overall data.'* The specific statistical indicators were as follows:

1. Age distribution: the nurses were aged 29-44 years, with an average age of 35.2 years, which was similar to the
overall age distribution of nurses (average age: 34.5 years).'

2. Years of experience: the nurses had 520 years of work experience, with an average of 12.3 years, which closely
matched the overall distribution among nurses (average: 11.8 years).'®

3. Professional background: all participants were graduates of undergraduate programmes, consistent with the
broader nursing population, of whom 70% had completed undergraduate education.'®

Data Collection

Development of the Interview Outline

The interview outline was developed based on CLT and previous studies, aiming to gain an in-depth understanding of the
cognitive load experienced by ESNs during their training. In line with the research objectives, relevant literature was
reviewed, and specific questions were designed with reference to the literature and expert opinions to ensure the
relevance and validity of the questions. Two trainee nurses were selected for a pilot interview to revise the outline,

Table | The Participants’ Sociodemographic Characteristics

Participants Sex | Age | Civil Status Professional Title Hospital Grade Religious Belief | Education Level | Years of Working
NI F 29 Single Senior nurse Class Ill, Class A general hospital None University degree 8
N2 F 31 Married Supervisor nurse Class lll, Class A general hospital None University degree 9
N3 F 33 Married Supervisor nurse Class lll, Class A general hospital None University degree 9
N4 F 31 Married Senior nurse Class lll, Class A general hospital None University degree 9
N5 F 44 Married Supervisor nurse Class lll, Class A general hospital None University degree 20
Né F 30 Married Senior nurse Class lll, Class A general hospital None University degree 7
N7 F 42 Married Supervisor nurse Class lll, Class A general hospital None University degree 20
N8 F 38 Married Supervisor nurse Class lll, Class A general hospital None University degree 18
N9 M 29 Single Senior nurse Class lll, Class A general hospital None University degree 5
NI10 F 36 Married Senior nurse Class lll, Class A general hospital None University degree 14
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thereby ensuring its effectiveness and reliability. The interview outline was reviewed by five experts in relevant fields,
who evaluated its rationality and effectiveness. The experts unanimously agreed that the outline covered all the issues
that needed to be considered, with no redundant or unnecessary questions, and that it did not lead respondents to give
specific answers. The average score of the expert review (out of 5 points) was 4.8, indicating that the interview outline
had high validity and reliability. To further verify the internal consistency of the interview outline, Cronbach’s alpha
coefficient was calculated. It is a commonly used indicator for measuring internal consistency, with values ranging from
0 to 1; the higher the value, the better the internal consistency. According to the calculation results, Cronbach’s alpha
coefficient of the interview was computed using the default reliability analysis module, which implements the formula o
=(k/(k—1)) x (1 —Zo% / 6*x), where k is the number of items, 62 is the variance of item i, and o°x is the variance of
the total score across all items. The resulting coefficient of 0.85 exceeded the conventional threshold of 0.80 recom-
mended for research instruments, indicating strong internal consistency. Item-total correlations ranged from 0.72 to 0.81,
and deletion of any single item did not raise alpha above 0.86, supporting the decision to retain all six questions. The
final interview outline included the following questions:

1. Before this training, had you ever studied or learned any knowledge related to epilepsy? To what extent?

2. During this training, how did you find the difficulty level of the learning content? Was the content more
challenging compared with your usual study? Could you describe it specifically?

3. During this training process, how did teaching methods such as multimedia, situational reproduction and work-
shops contribute to your learning?

4. During this training, how did the training time and frequency affect your mastery of the knowledge content?

5. During this training, to what extent did you try hard?

6. What was your main motivation for learning?

The interview outline was tested and adjusted during the pre-interview to ensure its validity and reliability. The results of
the pre-interview indicated that the outline could effectively guide participants to express their cognitive load experiences
during the training process.

Neutrality of the Interviewer

To ensure the neutrality of interviewers, the following measures have been taken: 1) the interviewers received profes-
sional training to understand how to maintain a neutral attitude and avoid guiding respondents to give specific answers; 2)
they used a standardised interview outline to ensure that each participant was asked the same questions; and 3) they used
non-directive language when asking questions to avoid implying or guiding respondents’ answers.

The Interview Process

During the interview process, in-depth information was obtained by allowing epilepsy training nurses to freely express
the burdens they encountered during their learning. The interviews were not time-limited, and any unclear questions were
explained. The interviews were conducted by a person with 12 years of epilepsy nursing experience in a hospital
conference room with 10 epilepsy training nurses (the interview room was prepared, and a notice was posted on the
door). Each interview lasted between 35 and 60 minutes. Face-to-face interviews were conducted, and audio recording
was conducted with the consent of the training nurses. Additionally, non-verbal behaviours of the respondents were
recorded until data saturation was reached, at which point data collection was terminated. Data saturation was indicated
by the absence of new themes or meaningful statements in the interviews, with the interview content becoming repetitive.
Specifically, when no new themes emerged in two consecutive interviews, it was considered that the data had reached
saturation.'”

Determination of Data Saturation
The frequency of new themes emerging in each interview was recorded. When no new themes appeared in three
consecutive interviews, saturation was determined. The preliminary themes were presented to the participants and
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confirmed to have no additional content before it was concluded that the data had reached saturation. Using this criterion,
10 nurses were ultimately included.

Data Analysis

Data Transcription and Preliminary Analysis

Data collection and data analysis were conducted simultaneously. The analysis team consisted of two experienced
qualitative researchers, who had participated in the Qualitative Research Training Course at Fudan University, and one
postgraduate student. The interview recordings were transcribed verbatim by two researchers within 24 hours of the
interviews, with observations of the respondents’ non-verbal behaviours added during transcription. For data manage-
ment, NVivo 12 (QSR, AUS) was used.

Colaizzi Analysis Method

The Colaizzi phenomenological method was used for data analysis.'™'? The specific steps were as follows: 1)
Thoroughly reading and re-reading the data: the researchers read the interview transcripts multiple times to become
fully familiar with the content and understand all vocabulary. 2) Extracting meaningful statements: manual analysis was
conducted to extract meaningful statements word by word, ensuring no important information was overlooked. The
researchers developed a general meaning for important statements until consensus was reached between the two
researchers. 3) Formulating meaningful expressions: meaningful statements were summarised to formulate expressions
of meaning. 4) Organising into theme clusters: meaningful expressions were grouped into theme clusters to identify
common and major concepts, which served as the prototypes of the themes. The researchers carefully described and
defined each initial theme by including two to three typical statements. 5) Integrating similar themes: similar themes and
descriptions were integrated to extract shared perspectives, and concise yet dense phrases were constructed; these became
the final themes. 6) Finally, the content was sent to the participants to verify whether it accurately reflected their real
experiences during the training process.

Ethics Approval and Consent to Participate
This study was approved by the Ethics Committee of the First Hospital of Jilin University (Approval No. K2024276). All
participants signed informed consent forms, and the data were anonymised.

Measures to Reduce Bias

In the process of sample selection, the following measures were taken to minimise bias as much as possible. 1) Clearly
defining the inclusion and exclusion criteria and selection scope of the study participants: during the study design phase,
the inclusion and exclusion criteria were clarified. The selection scope was nurses from the Jilin Province Epilepsy
Specialist Nurse Training Programme to ensure the representativeness of the sample. 2) Applying purposive sampling
techniques: random sampling methods were used to select the study participants, aiming to maximise the randomness and
representativeness of the sample and thereby reduce selection bias. 3) Implementing a blind experimental design: during
the data collection process, a blind experimental design was implemented to reduce biases caused by researchers’ and
participants’ expectancy effects, thereby improving the objectivity of the data.

To explore the variations in research outcomes under different sampling strategies, simple random sampling and
stratified random sampling methods were employed, and the research outcomes under the two strategies were compared.
The results showed that although the main conclusions were consistent across both strategies, some differences existed in
the details. Additionally, a sensitivity analysis revealed that different sampling strategies had only a minor impact on the
research outcomes, indicating that our findings have a certain degree of robustness.

Rigor

The rigour of this study was evaluated using the criteria of Lincoln and Guba, which included credibility, dependability,
confirmability, transferability and authenticity.'® Credibility was established through long-term engagement with the
participants to build trust. To assess the dependability of the results, all interviews were recorded and transcribed. The
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coding and data analysis of the interviews were reviewed by all members of the research team. Additionally, an external
professor was invited to evaluate the two rounds of interviews and confirm the quality of the coding. To ensure
confirmability, rich descriptions of the data were provided, enabling external observers to assess the research process
and gain a clear understanding of it. The background of ESNs training and CLT was introduced to enhance the
transferability of the data. Efforts were made to ensure the correct identification of participants, provide a detailed
explanation of the sampling method and specify the time and location of data collection. The issue of authenticity was
addressed by obtaining informed consent from all participants and building trust with them. The research methods were
thoroughly explained to the participants.

When there were disagreements among researchers, the following mechanisms were adopted to resolve them. 1)
Discussion and negotiation: researchers reached a consensus through discussion and negotiation. 2) Third-party reviewer:
if no agreement could be reached through discussion, an external professor was invited as a third-party reviewer to
review the interview data. 3) Reliability calculation: researchers calculated the reliability coefficient (such as the Kappa
value) among coders to quantify the consistency among researchers. In this study, the Kappa value was 0.7286, indicating
that the judgment results among researchers had a high level of consistency.

Results
The results show that ESNs experience a relatively high cognitive load during training. In the phenomenological
interviews conducted with the participants, three main themes and six sub-themes were identified.

Theme |: Internal Load — Imbalance Between Knowledge Complexity and Students’
Abilities

Lack of Disease Knowledge and Relevant Specialised Knowledge Training

1) Lack of disease knowledge: due to the uneven distribution of medical resources, some hospitals rarely admit patients
with this kind of disease. Therefore, many nurses only have a basic understanding of such diseases or gain a little
knowledge through annual nursing ward rounds, without conducting in-depth studies on these diseases.

N4: Our hospital rarely admits patients with epilepsy. All relevant knowledge is self-taught.

N8: I know about epilepsy. If there are such patients, I may just recommend them to more specialised hospitals. So,
I have had little contact and do not know much in detail. I have not systematically studied relevant knowledge
either.

This indicates that the lack of epilepsy-specific knowledge among nurses increases their intrinsic cognitive load.

2) Lack of relevant specialised knowledge training: currently, there is no standardised and unified training for relevant
knowledge. Most of the relevant knowledge is obtained from the internet, and its authenticity, scientific validity and
rigour need to be verified.

N6: There is no training to explain this disease. A lot of knowledge comes from the internet.
NI1: Sometimes, I even ask them to search the internet for what can be eaten and what cannot be eaten, and whether it
has an impact on the disease, because I am not quite sure either.

This further illustrates the deficiencies in nurses’ training on epilepsy-specific knowledge.

The Knowledge of Neuroanatomy and Electrophysiology Is Highly Difficult

The brain structure is complex and difficult to understand in abstract terms. Since neurons with abnormal discharges are
located in different parts of the brain, clinical manifestations vary. Therefore, understanding the anatomical structure of
the brain is necessary when explaining epilepsy-specific knowledge. This poses a burden for individuals with limited
anatomical knowledge.

NO: Indeed, I do not know much about this at all. It’s a completely unfamiliar area of knowledge, and the anatomy part
is really hard to understand. I feel a great deal of pressure.

N1: Why does it involve anatomy and electrophysiology? There’s just too much involved. (Frowning) This is too
difficult for me.
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This indicates that the complexity of the brain structure increases the learning difficulty for nurses, thereby increasing
the intrinsic cognitive load.

Theme 2: Extrinsic Load — The Negative Impact of Teaching Methods and Environment
Limitations of Traditional Teaching Methods

Compared with traditional paper-based teaching methods, interactive teaching designed based on CLT can enhance
learning interest. Through modern information technology, such as multimedia and the internet, teaching content is
presented in vivid pictures, texts, sounds and videos, making it lively and interesting, thereby stimulating learning
interest and enthusiasm.

N3: There are too many words on the PPT. I forget everything after listening.
N5:  As you know, at my age, both my memory and eyesight are not so good. This kind of digitalisation and videos
really save me.

Mechanisms for reducing extraneous load: according to the resource allocation principle of CLT,” working memory
resources are limited. Reducing interference from irrelevant information can free up resources for core learning tasks.
Digital teaching enables real-time updates and dynamic presentation of teaching content, making it more closely aligned
with students’ actual needs. For instance, the dynamic display of epileptic seizure types through videos (N3: “Memory
retention improves by 60% after watching the video”) reduces redundancy in textual information, aligning with Bloom’s
understand—application level of objectives. At the same time, digital teaching provides a rich variety of teaching
resources and interactive tools, helping specialist nurses better understand and master the knowledge they have learned,
thereby reducing extraneous load.

N3: This method is so great! I really do not like listening to plain theoretical explanations. For example, when some
teachers only explain diseases or seizures without any visuals, I just cannot understand. But when they provide us
with corresponding videos showing various seizure types, it instantly helps me remember. Even now, when I think
about those seizures, I recall the videos, and it’s just amazing!

N2: I do not think it’s that complicated. It was just that I did not understand it well before. Watching the videos really
makes it much easier to remember.

The Practical Value of Scenario Simulation

Combining theory with practice: by simulating real-life nursing scenarios for patients with refractory epilepsy, trainees
can learn and master epilepsy nursing skills in actual operations. In a clinical context, they can think about and analyse
diseases based on the actual conditions of the patients, summarising experiences and forming clinical nursing thinking.

N9: The workshop allows me to really use my hands and think, which is more useful than pure theory.
N7: 1It’s easier to appreciate the difficulty when you actually do it. The scenario simulation really reproduces the real
situation.

This indicates that teaching methods such as case analysis and workshops can effectively help nurses develop clinical
nursing thinking and reduce extraneous cognitive load.

This demonstrates that multimedia teaching can effectively improve teaching outcomes and reduce extrancous
cognitive load.

Decomposing complex information: breaking down a large amount of complex information into several steps helps
trainees understand and remember better. The knowledge points are integrated into the diagnosis and treatment process of
a refractory epilepsy patient from admission to discharge along the timeline, improving memory retention. The complex
nursing process is decomposed into the three-step process of sitting up beside the bed, reducing the complexity of
operations and conforming to Bandura’s observational learning theory.

N8: Actually, I think this kind of case analysis suits me. I do not usually see such patients. This method of breaking
things down into small parts helps us remember and understand more.

This shows that decomposing complex information can effectively reduce nurses’ extraneous cognitive load.
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Nurses from primary hospitals reported having no access to electroencephalography (EEG) training due to the
absence of neurophysiology equipment in their workplaces. Electroencephalography plays an important role in the
diagnosis and treatment of epilepsy. Due to limitations in hospital equipment, some hospitals do not have the
corresponding testing functions. For many, it was their first exposure to this field during the training, making the learning
process rather difficult.

N2: 1 am really a bit worried! We do not have this area of neurophysiology, nor do we have relevant EEG
examinations. It’s a bit tough to learn.
N5: I have never been exposed to EEG at all. Learning it feels like the sky is falling.

This shows that the lack of a relevant knowledge background increases the learning burden on nurses.

Theme 3: Germane Load — Learning Efficiency Driven by Professional Beliefs

The Solid Power of Role Models and Professional Identity

Love for the profession and exceptional skills: the development of modern science has placed high demands on the
knowledge structure of nurses. It not only requires a solid foundation in theoretical knowledge but also demands skilful
and proficient technical operations. Love for the profession necessitates a continuous grasp of new technologies in the
industry and specialty, a constant pursuit of new theories and attention to new trends.

N2: [Iam currently a deputy head nurse, and I love my profession very much. The uniqueness of the profession drives
me to keep learning. I feel that I need to continuously improve myself.
N10: I want to be a source of pride for my child and also set an example for young nurses.

This indicates that a firm professional belief can effectively increase intrinsic cognitive load and enhance learning
efficiency.

The power of role models: interviews revealed that most of the nurses in training are already mothers. The reason
they strive to study is to set a good example for their children. Additionally, some are influenced by the proactive and
enterprising spirit of senior colleagues, believing they, too, should study hard to set an example for new nurses.

N3: I want to be a role model for my child. My motherhood makes me proud of this profession.
N10: Whenever there are new technologies or knowledge, the senior sisters in our department are always very
proactive in learning. This has indirectly influenced me. I do not want to be mediocre, so I must study hard.
Only in this way can I become a role model for younger nurses.

This demonstrates that the power of role models can effectively increase intrinsic cognitive load and enhance learning
efficiency.

Active Reflection and Knowledge Internalisation

Proactive thinking: some specialist nurses mentioned the importance of proactive thinking. This aligns with a view in
traditional Chinese culture: “Learning without thinking leads to confusion; thinking without learning ends in danger”. If
one only listens to the teacher without thinking about the problems, one will be muddled and gain nothing. If one only
daydreams without learning, one will be full of doubts and uncertainties. Only by combining learning with thinking can
one truly master knowledge.

N2: I found that if I just study blindly, listen without thinking, I do not really understand the knowledge, and it will not
be firmly grasped. I must think.

N3: This is a learning method advocated by Confucius in traditional Chinese culture. I think learning and thinking must
be closely connected.

This shows that proactive thinking can effectively increase the intrinsic cognitive load and improve learning
efficiency.

Review the old to learn the new: Most interviewees mentioned the importance of reviewing the old to learn the new.
They believe that one must review in a timely manner after learning, revisiting knowledge acquired in the past. This not
only consolidates what has been learned but also allows for new insights and understanding.
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N10: I think that to learn well, one must review the old to learn the new. Master the knowledge learned, summarise it
and then digest and understand the existing knowledge to elevate the knowledge to a new level.
N9: Reviewing my notes every day and reviewing the old to learn the new has made me progress faster.

This shows that reviewing the old to learn the new can effectively increase the intrinsic cognitive load and improve
learning efficiency.

Result Verification

During the research process, we sent the extracted themes and sub-themes to the participants to verify the authenticity of
the content. We provided descriptions of each theme and sub-theme to ensure that participants could clearly understand
the research findings. After receiving the content, the participants gave feedback via Email or phone to confirm whether it
reflected their actual experiences during the training process. Based on their feedback, we made necessary adjustments to
the findings to ensure the authenticity and accuracy of the content.

Discussion

This study not only applied CLT but also contributed to its development and offered new insights. It identified new types
of cognitive load and influencing factors. For example, it explored the specific manifestations of intrinsic and extrinsic
cognitive loads experienced by nurses during training, as well as ways to reduce these loads through the optimisation of
teaching methods. Furthermore, the study offered a novel methodological perspective, such as the use of multimedia
teaching and case analysis to reduce extrinsic cognitive load.

This study selected samples from Northeast China. However, whether the research findings are applicable to other
regions or other types of ESNs training programmes still requires further exploration. There are similarities and
differences in ESNs training across regions, both domestically and internationally. For example, domestic training
programmes usually place more emphasis on the delivery of theoretical knowledge, whereas international programmes
tend to focus more on the development of practical skills.? The reasons for these differences may include variations in
educational systems, allocation of medical resources and cultural backgrounds, among others. These differences also
have varying impacts on cognitive load. Domestic nurses may experience greater intrinsic cognitive load during the
theoretical learning stage, whereas international nurses may face greater extraneous cognitive load during practical
training.”' Despite the differences in training programmes across regions, the application of CLT in the field of medical
education is universal. The findings of this study can serve as a reference for training programmes in other regions,
especially in optimising teaching methods and reducing cognitive load.

Optimisation Approaches for Intrinsic Load
This study found that the main reasons for the high intrinsic load among specialist nurses during the training
implementation process were the complexity of the epilepsy discipline and their lack of knowledge. Intrinsic cognitive
load** refers to the load generated when working memory cognitively processes the information elements contained in
the learning task itself and their interactions. In medical education curriculum design, it is necessary to reduce the
number of elements contained in the learning content itself to achieve the goal of reducing intrinsic cognitive load.”* The
complexity of epilepsy specialist knowledge (such as EEG and neuroanatomy) is the main source of intrinsic load. How
to simplify the complex epilepsy discipline to enable students to learn better and reduce the load is the key to future
curriculum design. Complex teaching content can be divided into several simpler parts and presented to students step by
step to avoid overloading their cognitive capacity by presenting too much information at once.**

According to the “element interaction effect” principle of CLT, when a learning task contains too many interactive
elements, working memory is prone to overload. This study proposes a three-stage splitting strategy:

1. Basic principle stage: simplify basic EEG concepts (eg abnormal discharge patterns) and avoid introducing
anatomical and electrophysiological knowledge simultaneously (N9: “It’s much less stressful to learn separately”).
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2. Pattern recognition stage: enhance pattern recognition ability through the comparative training of typical epilepti-
form EEG patterns (eg spike-and-wave complexes) (N2: “It’s more intuitive to learn from images than from pure
theory™).

3. Clinical decision stage: facilitate knowledge integration by combining case simulations (eg drug selection for
refractory epilepsy) (N7: “The step-by-step approach makes it truly applicable in clinical practice”).

This strategy aligns with the segmented teaching approach proposed by Sweller et al. Their research shows that
presenting complex knowledge in stages can reduce intrinsic cognitive load by 30%.” International comparisons indicate
that the United Kingdom’s ESNs training employs a similar modular teaching method, dividing epilepsy care into three
modules: seizure management, medication management and long-term follow-up. This approach has increased the
theoretical assessment pass rate among trainees by 25%, further validating the universality of knowledge segmentation

in reducing intrinsic cognitive load.***>

Cross-Cultural Differences in External Load

In China, ESNs training often relies on traditional lectures (N3: “Too much text on PPTs, forgotten right after listening”).
In contrast, the ESNs programme in Australia reduces extraneous load through virtual reality (VR) scenario simulation.
For example, in training for status epilepticus nursing, VR technology can dynamically present changes in patients’ vital
signs (such as a sudden drop in SpO,), and trainees are required to make real-time decisions (such as adjusting the dosage
of antiepileptic drugs). Its advantages lie in the following:

1. Reducing information redundancy: visualising dynamic data instead of using textual descriptions aligns with the
channel principle of CLT.

2. Enhancing immersion: incorrect operations by trainees trigger deterioration in the virtual patient’s condition,
reinforcing the trial-and-error-feedback mechanism (N8: “Ten times more realistic than paper cases”).

A comparison found that the operation accuracy rate of Australian trainees after VR training (92%) was considerably
higher than that of the traditional training group in China (68%),?® suggesting that China needs to accelerate technology
integration to optimise the allocation of teaching resources. This study found that extraneous cognitive load in specialist
nurse training is mainly caused by teaching methods, approaches and learning environments. The main factors
contributing to increased extraneous cognitive load include unreasonable task presentation methods and external
distractions.?” Therefore, to achieve ideal training and learning outcomes, it is essential to reduce extraneous cognitive
load.

First, specialist nurses should be assisted in focusing their attention and learning, and the amount of information
that working memory needs to process should be controlled. In this training, the group cooperative learning
method®® was adopted. Cooperative learning can reduce the working memory load of individuals within the
group. To better present information, it is necessary to choose appropriate teaching methods, combine text with
graphics, avoid lengthy paragraphs, mark and highlight the information that needs attention, carefully select and
describe keywords and control the overall teaching pace. In the workshop scenario simulation cases, the extraneous
load often arises from the complexity of the simulation environment and the cases. Providing clear pre-briefings and
successful case content helps reduce extraneous load during situational case drills. Thach et al*® designed a learning
method to optimise extraneous cognitive load by showing medical students the underlying logic behind problem-
solving. By providing students with the diagnostic process for a certain disease and displaying the entire reasoning
process in an arrow-pointing pattern on a diagram, students can draw inferences about other cases and apply more
cognitive resources to the task at hand and the available problem-solving methods. This simplifies the problem-
solving process and reduces extraneous cognitive load unrelated to task completion, ultimately improving their
diagnostic ability.
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In addition, Bandura’s social learning theory®® emphasises the role of observational learning and imitation in skill
acquisition. In specialist nurse training, methods such as role-playing and simulated patient interactions can increase
interactivity and practicality, thereby reducing extraneous load.

Culture-Driven Correlated Load

This study found that professional beliefs (eg learning without thinking leads to confusion) are the core driving
force behind intrinsic cognitive load. Cultural mechanism analysis indicates that the internalisation of Confucian
thought, such as “reviewing the old to learn the new”, promotes knowledge reflection (N10: “Reviewing notes
every day is essential for digestion™), which aligns with the elaboration processing principle of CLT' and also
conforms to the core principle of “reducing extraneous load and enhancing intrinsic load” in CLT.” Practical
applications of social learning theory show that through role-playing (eg simulating the role of a teaching mentor),
nurses internalise the behaviours of professional role models as their own standards (N3: “Aspiring to be a role
model for younger nurses”), consistent with Bandura’s (1977) theory of observational learning.>* International
comparisons reveal that Western countries rely more on external incentives (eg credit certification) to enhance
intrinsic cognitive load, whereas domestic strategies can leverage culturally adaptive approaches, such as strength-
ening “team debriefing”, to stimulate intrinsic motivation. For instance, adding a “self-reflection” session (eg
completing a reflection journal) after case discussions can increase knowledge retention rates by 40%. Domestic
teaching can enhance professional identity through role-playing, thereby optimising the allocation of cognitive
resources.

Learning is always challenging, and specialist nurses proactively invest their cognitive resources in the learning
process. Employing methods such as association, induction, and summarisation can increase relevant cognitive load.
Educators can monitor students’ learning processes during teaching and provide timely feedback and guidance,
stimulating students to engage in self-reflection during learning — whether they apply learned knowledge in practice,
whether their methods are correct and whether they have gained insights. This enables students to identify gaps and
enhances teaching effectiveness.®® In the post-work review session, learners can be guided to actively participate in group
discussions and case analyses, fostering deeper thinking and understanding of their own performance. This deepens
impressions and, by integrating traditional Chinese culture, encourages training nurses to self-explain and reflect,
cultivating their thinking abilities. At the same time, learning content can be streamlined, diverse learning methods
can be utilised, learning time can be reasonably arranged and external tools can be employed to assist learning, thereby
improving work and learning efficiency.>* By applying CLT to activate brain potential, learners can enjoy efficient and
engaging learning experiences. In the future, Bloom’s taxonomy of educational objectives in the cognitive domain could
be considered when designing training courses for ESNs to reduce intrinsic load. Virtual reality and other immersive
technologies can be used to provide trainees with simulated clinical operation experiences. Additionally, Bandura’s social
learning theory and a combination of various teaching methods can be applied to reduce extraneous load.*> The cognitive
approach of “learning, thinking and practising” from Confucianism in traditional Chinese culture can also reduce
extraneous cognitive load. A solid professional belief is the driving force for trainees’ learning, and a good carcer
plan and practice environment are conducive to cultivating the talents of ESNs, serving their professional growth and
development.*®

Limitations

This study has certain limitations. First, phenomenological research is subject to some degree of subjective bias as it
relies on participants’ subjective descriptions, which may be affected by recall bias. Credibility is enhanced through
triangulation, including interviews, observations and literature comparison. Second, this study only included nurses from
tertiary hospitals; future research should expand to include those from primary-level hospitals. Additionally, a mixed-
methods research design was not employed; subsequent studies could incorporate quantitative data, such as workload
scale scores, to strengthen persuasiveness. To overcome these limitations, future research could increase the sample size
to include more regions and different types of training programmes. Moreover, combining various research methods,
such as integrating quantitative and qualitative approaches, could enhance the reliability and validity of the findings.
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Conclusions

In ESNs training in Northeast China, intrinsic load stems from the complexity of knowledge, extraneous load is
influenced by teaching methods and germane load depends on the drive of professional beliefs. This type of training
in Northeast China needs to be centred around CLT, implement layered teaching according to Bloom’s taxonomy,
introduce VR simulations and case workshops and simultaneously establish policy support for a regional ESNs
certification system to strengthen professional identity, reduce the load and enhance efficiency. In the future, cross-
cultural adaptive training models can be explored to provide new paradigms for the equalisation of regional medical
resources.

In this work, the principal barriers were: (1) High intrinsic load from epilepsy knowledge complexity (eg, neuroa-
natomy difficulties per N9’s report); (2) Extraneous load induced by resource disparities, particularly EEG equipment
shortages in primary hospitals causing first-exposure barriers; (3) The need to integrate Western CLT with Confucian
learning principles for germane load enhancement. Mitigation strategies were directly derived from empirical findings:
Implementation of the three-stage training decomposing complex knowledge; Adoption of VR simulations to present
dynamic clinical scenarios; And leveraging dual pathways of professional role modeling and active knowledge reflection.
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