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Abstract

Background During simulations, a student’s effort to perform the multiple tasks expected of them and the
emotional burden arising from the nature of the simulation can create an excessive cognitive load for the student,
negatively affecting learning results. Understanding and managing this cognitive load is crucial because it affects how
well students can process information and achieve learning objectives.

Objective The aim of this study was to collect evidence of the validity and reliability of the use of the Turkish-
adapted Simulation Self-Report Cognitive Load Measurement Tool 2.0, which measures three aspects of cognitive
load in nursing students during simulation-based experiences.

Design and methods This was a cross-sectional methodological study of instrument translation and validation. The
sample of the study consisted of 101 students in the second year of a nursing undergraduate program at a foundation
university. The Turkish-adapted version of the tool was used for data collection. It measures intrinsic cognitive load
(five items), extraneous cognitive load (five items), germane cognitive load (five items), and overall cognitive load (one
item). Language validity was ascertained via ISPOR's ten-step translation and cultural adaptation guide. Expert opinion
was obtained for content validity, and a confirmatory factor analysis for construct validity was performed. Cronbach’s
alpha coefficient, the split-half method, and item analysis were used to assess the reliability of the tool, and Pearson
correlation analysis was used to evaluate relationships between items. Significance was accepted at p < 0.05.

Results The tool measures a three-factor structure—intrinsic load, extraneous load, and germane load—and consists
of 16 items. In the confirmatory factor analysis, all the factor loadings were greater than 0.30. The fit indices for the
model were calculated as x2/df=1.423, with a root mean square error of approximation of 0.0643; the comparative

fit index was 0.950; and the standardized root mean square residual was 0.084. The Cronbach’s alpha for the tool was
0.822.

Conclusion The analysis provided evidence supporting the validity and reliability of the Turkish-adapted version of
the tool for use with a Turkish sample. The use of this tool can aid in developing and enhancing strategies to achieve
learning objectives in the design and implementation of clinical simulations.
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Introduction and background

As a teaching strategy in nursing education, simulation
provides a learning experience that supports students in
developing their psychomotor skills and clinical decision-
making abilities in a safe environment [1]. During a simu-
lation, the student is expected to perform multiple tasks,
such as applying knowledge, skills, and clinical decision-
making [2]. When the emotional load associated with the
nature of the simulation is added to the student’s effort
to meet the learning expectation, the student takes on an
excessive cognitive load [2]. An increased cognitive load
could negatively affect learning outcomes [3]. Programs
that aim to provide skills and competence in a specific
subject must therefore be evidence-based, structured
in line with learning theories, and designed to provide
repeated practice opportunities. One of the learning the-
ories that can help increase the effectiveness of simula-
tion-based learning is the cognitive load theory [4].

Cognitive load theory, developed by Sweller in 1988,
provides a conceptual framework for understanding stu-
dent learning processes and can be used as a guide for
teaching procedural skills in a simulated environment [5].
The theory focuses on techniques for managing working
memory load during the learning process and for devel-
oping teaching methods that enable learners to use their
available working memory capacity effectively. Accord-
ing to the theory, individuals use their “working mem-
ory, which has limited capacity, and their “long-term
memory, which has unlimited capacity, when processing
information [6]. Knowledge, skills, or both are stored in
long-term memory as hierarchical networks of knowl-
edge described as “schemas” [7]. Before schemas are cre-
ated in memory, information is processed by working
memory, which has the capacity to address only four to
six new information items at a time [8].

Two main types of cognitive load—internal and extra-
neous loads—affect working memory during learning
[9]. The “intrinsic load” varies depending on the learn-
er’s previous level of expertise and the complexity of the
information learned. During the explanation of a chal-
lenging topic, an individual who has seen the topic before
makes less use of working memory by instead using their
existing cognitive schemas. However, when an individual
without prior knowledge encounters the same subject,
a greater burden is placed on that individual’s working
memory capacity because of their lack of applicable cog-
nitive schemas [9, 10]. The “extraneous load” is the load
on working memory caused by the instructional design
used to transfer information. Poorly designed learning
materials and teaching methods increase the load on
working memory and reduce the resources available for

memory learning [8, 10]. Excessive extraneous loads can
cause split-attention and redundancy effects. In the split-
attention effect, students divide their attention across
multiple sources of information and must then combine
those sources to solve the problem. In the redundancy
effect, students are presented with the same information
more than once. The increased load on working memory
caused by the split-attention and redundancy effects
reduces learning. For this reason, educational materials
and methods should be designed to reduce extraneous
loads [10].

In long-term memory, another cognitive load defined
as the “germane load” ensures that the information sent
from working memory to be stored is suitable for learn-
ing [10, 11]. Under a germane load, information is pro-
cessed so that learning can actually occur. It represents
the burden imposed by the learner’s conscious use of
cognitive strategies to organize information for storage in
long-term memory [10]. This load has a positive effect on
learning and is necessary for learning to occur. To maxi-
mize the germane load, an instructional design should
assist the student in creating and automating cognitive
schemas [12].

For effective learning to occur, the total load created
by the combination of the intrinsic, extraneous, and
germane loads should not exceed the working memory
capacity [10]. Educators who want students to achieve
learning outcomes could find that reviewing the cognitive
load might lead to a better understanding of the effects of
simulation design on those students [3]. The prebriefing
standard, which is the best-practice standard published
by the International Nursing Association for Clinical
Simulation and Learning, states that the cognitive load in
a structured prebriefing can increase the effectiveness of
a simulation-based experience [13].

Cognitive load theory is used by researchers to under-
stand and manage the cognitive load associated with
simulation-based practices. This theory aims to increase
students’ learning efficiency and academic performance
by optimizing their information processing in complex
clinical scenarios [14—17]. Simulation experience in nurs-
ing education is considered an important learning tool
for students to develop their professional skills. However,
the cognitive load that students are exposed to during the
simulation experience needs to be accurately assessed. In
this context, there is a continuing need for tools that can
measure the cognitive load experienced by nursing stu-
dents during simulation in a valid and reliable manner. To
address this gap, Josephsen (2018) developed the Simu-
lation Self-Report Cognitive Load Measurement Tool, a
cognitive load measurement tool for nursing simulations
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[18]. This measurement tool was adapted to nursing
simulation experiences from a valid and reliable scale
developed by Leppink et al. (2013) to measure intrinsic,
germane, and extrinsic cognitive load [19]. The scale was
translated into English and Korean and used [16, 18, 20].

Although Leppink et al. (2013) obtained evidence sup-
porting the three-factor structure consisting of intrinsic,
extrinsic, and germane cognitive loads using factor analy-
sis, the measurement tool adapted by Josephsen has not
been subjected to comprehensive psychometric testing to
date. However, other researchers who have used this tool
in their studies have reported that the scale demonstrates
acceptable to good reliability, with Cronbach’s alpha coef-
ficients ranging from 0.67 to 0.92, providing evidence to
support its consistent use across different contexts [16,
20]. There is no Turkish version of this tool yet. This
cross-sectional methodological study aimed to adapt
the tool into Turkish and to gather validity evidence and
reliability data to support its use. The questionnaire was
specifically adapted for this study and has not been pub-
lished elsewhere. The English version of the question-
naire is provided as a supplementary file [18].

The models used in validity and reliability studies have
evolved over time, reflecting different approaches and
frameworks. These models aim to gather evidence to sup-
port the use of measurement tools in specific contexts.
They can be broadly categorized into two main groups:
classical models and modern approaches. Classical mod-
els have served as the basic framework for validity and
reliability studies for many years. These models typi-
cally categorize validity into different types (e.g., content
validity, construct validity, criterion validity) and gather
evidence for each type separately [21-23]. For reliability,
methods such as internal consistency (e.g., Cronbach’s
alpha) and test-retest reliability are emphasized. Classical
models remain valuable because of their practicality and
applicability in specific contexts [24]. In contrast, modern
approaches, such as Messick’s unified validity framework,
take a more holistic perspective. Messick (1989) con-
ceptualizes validity as an ongoing process rather than a
static property and emphasizes the collection of evidence
from five key sources: content, response process, internal
structure, relationships with other variables, and conse-
quences. This framework focuses not only on what a tool
measures but also on how the results are interpreted and
used. This approach is critical to ensuring fair, reliable
and ethical assessments, particularly in high-stakes con-
texts such as health profession education [21, 23].

In this study, classical models were adopted because of
their effectiveness in addressing certain aspects of valid-
ity and reliability, such as internal structure and rela-
tionships with other variables. As noted by Borgersen
et al. (2018), certain elements of the classical model can
be partially integrated into contemporary frameworks,
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making it a valuable approach. However, future research
may benefit from adopting Messick’s unified validity
framework to provide a broader and more comprehen-
sive assessment of validity evidence.

Methods

Study design and aim

The purpose of this cross-sectional methodological
study was to adapt the Simulation Self-Report Cognitive
Load Measurement Tool 2.0 into Turkish and to gather
evidence supporting the reliability and validity of the
adapted scale. Answers to these research questions were
therefore sought:

+ Does the Turkish-adapted Simulation Self-Report
Cognitive Load Measurement Tool 2.0 provide
sufficient validity evidence to support its use in a
sample of nursing students?

+ Does the Turkish-adapted Simulation Self-Report
Cognitive Load Measurement Tool 2.0 demonstrate
sufficient reliability evidence in a sample of nursing
students?

Participants and setting
The study population consisted of nursing students who
were enrolled at the university where the study was con-
ducted and who had prior simulation experience. First-
year nursing students were excluded because they had
not yet participated in simulation activities during the
study period, ensuring that the sample consisted of par-
ticipants with relevant experience. Simulation-based
practices are intensively applied starting in the second
year of the undergraduate nursing program. In addi-
tion, eliminating the effects that may arise from students’
varying scenarios and experiences and ensuring a homo-
geneous group in terms of cognitive load among the stu-
dents included in the sample were taken into account;
moreover, it was considered that collecting evidence from
different students in different groups might influence the
process. The study sample initially included 127 s-year
nursing students with an active simulation plan during
the data collection period. However, students who did
not attend school on the day of the scenario (n=2), those
who declined to participate in the study (n=4), and the
10 students who participated in the pilot study to assess
the scale’s applicability were excluded from the sample.
To ensure an adequate sample size and support the col-
lection of validity and reliability evidence, it was deter-
mined that 5 to 20 times the number of participants as
items in the tool would be needed [25]. Since the tool
consists of 16 items, data from at least 80 students were
needed. Ultimately, data collection was completed with
the participation of 101 nursing students who agreed
to take part in the study, providing sufficient data to
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evaluate the tool’s validity and reliability in line with con-
temporary frameworks.

Validity evidence

Data were collected via a sociodemographic form and the
validated Turkish-adapted Simulation Self-Report Cogni-
tive Load Measurement Tool 2.0. The socio-demographic
form developed by the researchers for descriptive pur-
poses recorded each participant’s age, gender and year
group, and was specifically designed to include only these
questions.

Simulation self-report cognitive load measurement tool
2.0

The Simulation Self-Report Cognitive Load Measure-
ment Tool 2.0 was developed by Pass et al. (2013) to mea-
sure three different cognitive loads accurately. Although
this tool helps educators better understand the differ-
ences between students or learning outcomes achieved
through instructional design, it also measures potential
environmental and instructional design hindrances to
student learning [19]. The tool was subsequently adapted
by Josephen (2018) to measure the cognitive loads expe-
rienced by students during simulation experiences. The
tool’s 16 items measure intrinsic load (five items), extra-
neous load (five items), germane load (five items), and
overall cognitive load (one item) [18]. The first 12 items
are scored between 0 and 10 (0, not at all true; 10, com-
pletely true), whereas items 13—16 are scored between 0
and 9 (items 13: 1, very, very low mental effort; 9, very,
very high mental effort; items 14 and 15: 1, very, very
easy; 9, very, very difficult; item 16: 1, a lot, very little; 9,
a lot, a lot)]. The original tool contains no negative state-
ments. The mean total score on the tool indicates the
cognitive load; an increasing score indicates an increasing
cognitive load. The Cronbach’s alpha values calculated for
the items measuring intrinsic, extraneous, and germane
cognitive loads, as well as the overall score, were found to
be 0.775, 0.358, 0.841, and 0.736, respectively [18].

Translation

The 10-step translation and cultural adaptation guide
published by the International Society for Pharmaco-
economics and Outcomes Research (ISPOR) was used
to ensure the language validity of the tool [26]. The work
carried out in the ten steps was as follows:

Preparation First, permission was obtained from the
tool owner to avoid name or copyright infringement. The
studies carried out by the tool owner on the subject were
investigated.

Translating the scale into Turkish The scale was indepen-
dently translated into Turkish by a faculty member liv-
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ing in the United States who is a linguist fluent in both
languages.

Reconciliation The original was compared with the trans-
lation to check for ambiguous expressions and inconsis-
tencies that might have occurred between languages. The
translation was considered complete when all the items
agreed. A check for spelling errors was also performed.

Back translation The Turkish form of the tool was inde-
pendently translated back into English by a native English
speaker who is a linguist living in Turkey, and the consis-
tency of the two English forms of the tool was evaluated.

Review of back translation The translated tool was sent
to the tool owner for an evaluation of its meaning and
similarity. The Turkish version was found to be faithfully
compatible with the original tool.

Adaptation The translated tool was presented for an
assessment of content validity to ten faculty members
who had completed their doctorates in various fields of
nursing and who provided simulation-based education.
These experts were asked to evaluate each item on a 1- to
4-point scale (1, not appropriate; 2, the item requires a
change to an appropriate form; 3, appropriate, but minor
changes needed; 4, very appropriate) in terms of suitabil-
ity for purpose and understandability. Their opinions on
improving the items were also sought.

Cognitive analysis The adapted tool was administered
to 10 students who agreed to participate in a pilot study.
The students who participated in the pilot study received
a brief, clear summary of the purpose of the research and
tool administration. The students then provided oral and
written feedback. During the pilot application of the scale,
students stated that they had difficulty using the 10-point
scale when evaluating the items. Considering that cultural
differences may be effective, the 10-point Likert-type rat-
ing was reduced to a 5-point Likert-type. Items 13-16 of
the measurement tool are scored between 0 and 5 (item
13: 1, quite low; 5, quite high mental effort; items 14 and
15: 1, quite easy; 5, quite difficult; item 16: 1, quite little;
5, quite a lot).

Evaluation after cognitive analysis After the pilot study,
the wording of the items was edited in line with the feed-
back received from the participating students.

Final reading The adapted tool was given to an instructor
who had not seen any version of it before it was checked
for spelling, punctuation, and reading errors.
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Final reporting All the data were recorded during the
phases of the language and cultural adaptation of the tool,
and the tool was then made ready to measure the student
cognitive loads during the simulations.

Data collection process

Evidence for validity and reliability was gathered between
April and December 2022. As part of the Internal Medi-
cine Nursing course, after a theoretical background pro-
vided about the topic, the students who made up the
sample group in this study took part in a scenario appli-
cation that required them to make clinical decisions for a
patient experiencing respiratory distress. The simulation
experience was designed and conducted by the faculty
members responsible for the pertinent course in accor-
dance with the Healthcare Simulation Standards of Best
Practice™ developed by the International Nursing Associ-
ation of Clinical Simulation and Learning (INACSL) [27].

The simulation experience consisted of a prebriefing,
an experience phase, and debriefing sessions. Each sce-
nario lasted roughly ten minutes, and students took part
in it in groups of two. In the simulation scenario while
one student took on the role of a nurse, the other took
on the role of a student nurse. After every ten to eight
students’ scenario experience, they were taken to a 30-
to 40-minute group debriefing session. In this session,
the “Promoting Excellence and Reflective Learning in
Simulation” method was applied [28]. At the end of the
debriefing session, the students were asked to fill out the
“Simulation Self-Report Cognitive Load Measurement
Tool 2.0” scale in the debriefing room by researchers. To
maintain the integrity of the response process immedi-
ately after the debriefing sessions, the questionnaire was
completed by each student in a controlled and distrac-
tion-free environment.

To ensure the quality and reliability of the response
process, participants were provided with clear and
detailed information about the study’s objectives, their
role, and the data collection procedures. Before complet-
ing the tool, the participants received a brief explanation
to clarify how to use the tool, and the researchers were
present to address any questions. The tool was admin-
istered in a quiet, distraction-free setting immediately
after the simulation-based practices to minimize recall
bias and accurately capture participants’ experiences.
The participants completed the tool individually to main-
tain the authenticity of their responses. These measures
collectively ensured that the data collected reflected the
intended constructs and maintained the integrity of the
study’s findings.

Data analysis
The study data were analyzed using IBM SPSS Statis-
tics (version 24.0) and Amos software (IBM, Acibadem
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University, Turkey). Categorical variables were sum-
marized using frequencies and percentages, while
numerical variables were described using descriptive
statistics, including mean, standard deviation, median,
minimum, and maximum values. The validation process
was designed to provide evidence for the validity of the
adapted tool across multiple dimensions. Content valid-
ity was evaluated to ensure that the items adequately
represented the intended constructs. Item analyses,
including item—total correlations, were conducted to
assess the contribution of individual items to the overall
structure of the tool. Confirmatory factor analysis (CFA)
was performed to evaluate the internal structure of the
tool and its alignment with the theoretical framework
of the original version. Reliability was assessed through
internal consistency (Cronbach’s alpha coefficients), the
split-half method, and item analyses, providing evidence
for the consistency of the tool in measuring the intended
constructs. Pearson correlation analysis was conducted
to evaluate the relationships between items and subdi-
mensions, contributing to the understanding of the tool’s
internal structure and its ability to measure the targeted
constructs. Statistical significance was set at p <0.05. The
authors adhered to the Consensus-based Standards for
the Selection of Health Measurement Instruments (COS-
MIN) guidelines throughout the study, ensuring a rigor-
ous and systematic approach to the validation process
[29].

Ethics considerations

Permission via e-mail was received from the author of
the tool to adapt it to Turkish and to conduct validity
and reliability studies. Before data collection began, eth-
ics approval for the study was obtained from the Medical
Research Ethics Committee of the institution where the
study was conducted (no. 2022-03/17 dated 14 February
2022), and written institutional permission was obtained
from the university administration. The research was
conducted in accordance with the Declaration of Hel-
sinki, the institutional Code of Ethics, and complied
with all relevant guidelines and regulations. The study’s
data collection phase was carried out during the aca-
demic year, following the Internal Medicine Nursing
course’s simulation experience. The research group did
not involve the course instructors, and the study was car-
ried out entirely apart from the course. Prior to the data
collection phase, the students were given comprehensive
information by the researchers regarding the goals, pro-
cedures, and scope of the study. They were also informed
that participation was entirely voluntary, that they could
leave the study at any time without facing any repercus-
sions, and that confidentiality and anonymity would be
carefully maintained. The students were also made fully
aware that their course success evaluations would not be
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impacted by the data collection procedure. Students who
agreed to participate in the study signed informed con-
sent forms before participating in the process.

Results
The average age of the student participants was
21.98 +1.17 years (min—-max: 19-28 years).

Psychometric measurements

Content evidence

After the translation phase was complete, the translated
tool was presented to 10 academicians, experts in the
field, to test content validity. The experts assessed the
relevance, clarity, and representativeness of each item in
relation to the intended constructs. The Davis technique
was used to calculate the content validity index [29],
which was determined to be 0.80. The content validity
ratio was determined to be 1.00.Item Analysis.

The Cronbach’s alpha coefficient was used to test
the reliability of the individual subdimensions, provid-
ing evidence for the internal consistency of the tool. To
determine the contribution of each item to the overall
reliability, the “alphas if the item was deleted” values were
calculated. These values indicate the internal consistency
of the remaining items if any individual item is removed,
offering insights into the structural integrity of the tool.
For the adapted tool, a reliability value of a=0.822 was
obtained, demonstrating acceptable internal consistency.
Table 1 presents the effects of the individual items on
reliability.

The item—total correlations ranged between 0.328 and
0.719, with the highest correlations observed for items 11
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and 10, and the lowest correlation observed for item 7.
These correlations provide evidence that the majority of
the items are strongly aligned with the overall construct
being measured. Table 2 presents the item analysis for
the tool, revealing that the scores for all the questions in
the adapted tool were statistically significantly higher for
the upper 27% of the participants than for the lower 27%
(p=0.001 and p<0.01, respectively). This finding sup-
ports the tool’s ability to differentiate between partici-
pants with higher and lower levels of the construct being
measured, further contributing to its validity evidence.

Internal structure evidence

Confirmatory factor analysis (CFA) was conducted to
evaluate the internal structure of the Turkish-adapted
tool and to determine the alignment of its items and sub-
dimensions with the original structure. Figure 1 presents
the standardized factor loadings of the items forming the
three subdimensions of the adapted tool, as identified
through discriminant function analysis. Item 13 was not
included in the subdimension structure but was retained
for inclusion in the total score. The highest factor load-
ing was observed for item 11, followed by items 10 and
14, indicating that these items strongly contribute to the
measurement of the intended construct.

To assess the model fit, several fit indices were calcu-
lated. The fit criterion of the model was x2/df=1.423, the
root mean square error of approximation (RMSEA) was
0.0643, the comparative fit index (CFI) was 0.950, and
the standardized root mean square residual (SRMR) was
0.084 (Table 3). These values indicate an acceptable to
good fit of the model to the data, providing evidence that

Table 1 Effects on the reliability of items constituting factors of the Turkish-adapted simulation Self-Report cognitive load

measurement tool 2.0

When the item is deleted Corrected Cronbach Item-total
Scale average Scale variance item-total alpha when test
correlation the item correlation
is deleted
Item 1 52.7798 297.025 0.557 0.807 0.599
[tem 2 526514 300.155 0.548 0.807 0.658
ltem 3 52.7706 309.345 0449 0816 0.551
[tem 4 53.8624 306,120 0.577 0.805 0.522
Item 5 52.3670 285457 0.625 0.801 0453
ltem 6 54.9633 354313 0,110 0.833 0.399
[tem 7 51.8532 314,626 0418 0818 0328
ltem 8 55.2018 361.237 0.342 0.835 0.393
Item 9 54.9908 328472 0.536 0.811 0.546
[tem 10 55.0734 319.309 0.658 0.804 0.715
[tem 11 55.0459 318.729 0.681 0.803 0.719
[tem 12 545505 314453 0.568 0.807 0.598
Item 13 53.8532 355.349 0.442 0.822 0.399
[tem 14 541743 348.330 0.602 0817 0.591
Item 15 54.7339 342271 0.671 0814 0.585
ltem 16 53.8349 375.621 0.255 0.836 0.383
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Table 2 Item analysis of the Turkish-adapted simulation Self-Report cognitive load measurement tool 2.0
Lower 27% Upper 27% t 4]
Mean+SD Median Mean+SD Median Value®
(min-max) (min-max)

Item 2.07+245 1(0-8) 8.05+2.55 9(2-10) 8.208 0.001
Item 2 223+2.62 1.5(0-9) 7.95+2.22 9(3-10) 7.869 0.001
Item 3 2.00+2.30 2 (0-9) 7.05+2.66 7 (2-10) 7.048 0.001
Item 4 8.87+1.48 10 (5-10) 3.89+2.79 4(0-10) 8.154 0.001
Item 5 1.87+2.00 1(0-7) 8.63+£1.34 9(6-10) 13.007 0.001
Item 6 6.40+2.37 7 (2-10) 858+2.95 9(2-10) 3.073 0.005
Item 7 6.70+2.18 6.5 (2-10) 242+243 3(0-10) 6.393 0.001
Item 8 637+187 6.5 (3-10) 7.74+29 8(0-10) 2.220 0.025
Item 9 9.33+1.56 0(4-10) 547+22 5(0-9) 7.193 0.001
Item 10 9.53+£0.94 0(6-10) 511x£247 5(0-10) 8.903 0.001
Item 11 9.53+0.86 0(7-10) 4.84+1.86 5(0-8) 11.696 0.001
Item 12 940+1.10 10 (6-10) 511+£3.28 5(1-10) 6.636 0.001
Item 13 3.33£0.55 3(2-4) 4.26+0.81 4 (3-5) 4426 0.001
Item 14 2.67+0.66 3(1-4) 4.16£0.76 4 (3-5) 7.240 0.001
Item 15 2.00£0.79 2(1-3) 3.89+0.74 4 (3-5) 8404 0.001
Item 16 3.97+0.72 4(2-5) 3.21+0.85 3(2-5) 3334 0.002

2 By Student’s t test
SD, standard deviation

the internal structure of the adapted tool aligns well with
the theoretical framework of the original tool.

Cronbach’s alpha analysis was conducted to evaluate
the internal consistency of the results obtained from the
Turkish-adapted tool, providing evidence for the reliabil-
ity of the tool. The total Cronbach’s alpha for the adapted
tool was found to be 0.822, indicating good internal con-
sistency. The Cronbach’s alpha values for the intrinsic,
extraneous, and germane cognitive load subdimensions
were 0.757, 0.572, and 0.848, respectively (Table 4).

The split-half method was used to evaluate the internal
consistency of the Turkish-adapted tool, providing evi-
dence for its internal structure. The individual items were
divided into two halves: odd and even. The Cronbach’s
alpha value for the first half was 0.635, and for the second
half, it was 0.667. The relationship between the averages
of the two halves was 0.687. The associated Spearman—
Brown coefficient was 0.800, and the Guttman split-half
coefficient was 0.796.

Scale scores of nursing students

The average scores for this student cohort were
21.11+9.84 for the intrinsic subdimension, 17.55+7.21
for the extraneous subdimension, and 34.56+8.24 for
the germane subdimension. The average total score was
76.88 +11.96.

The relationships between the subdimensions and
the total score provide evidence for the validity of the
adapted tool. A statistically significant positive corre-
lation (r=0.325) was observed between the scores for
the intrinsic and extraneous subdimensions, indicating
a moderate relationship between these constructs. A

statistically significant negative correlation (r=-0.192,
p=0.001) was found between the intrinsic and germane
subdimensions, suggesting that these constructs may
represent distinct aspects of cognitive load.

The positive relationship between the scores for the
intrinsic subdimension and the total score of the Turk-
ish-adapted tool was statistically significant (r=0.659;
p<0.01), demonstrating that the intrinsic subdimen-
sion contributes strongly to the overall construct mea-
sured by the tool. Similarly, the positive relationships
between the scores for the extraneous subdimension
and the total score (r=0.562; p<0.01) and between the
scores for the germane subdimension and the total score
(r=0.520; p<0.01) further support the internal structure
and the alignment of the subdimensions with the over-
all construct. No statistically significant relationship was
detected between the scores for the extraneous and ger-
mane subdimensions (p>0.05), which may indicate that
these subdimensions measure distinct aspects of cogni-
tive load. These findings collectively provide evidence for
the relationships with to other variables, supporting the
validity of the inferences drawn from the adapted tool’s
scores in this specific context (Table 5).

Discussion

In simulation design, measuring and balancing the par-
ticipants’ cognitive load can increase the effectiveness of
the simulation-based experience, supporting participants
in achieving their learning goals and enabling them to
use their attention and information-processing capacity
efficiently [13, 18]. An examination of the national and
international literature to determine a valid and reliable
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Fig. 1 Confirmatory factor analysis for the Turkish-adapted Simulation Self-Report Cognitive Load Measurement Instrument 2.0
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Table 3 Confirmatory factor analysis results of the Turkish-adapted simulation self-reported cognitive load measurement tool 2.0

Criterion Fit ranges® Result Fit type
Good Acceptable of model observed

SRMR 0<SRMR<0.05 0.05<SRMR<0.10 0.084 Good

x>/df 0<y/df<2 2<y’/df<3 1423 Good

GFI 095<GFI<1 0.90<GFI<0.95 0.867 —

AGFI 090<AGFI<1 0.85<AGFI<0.90 0.808 —

RFI 0.90<RFI<1 0.85<RFI<0.90 0813 —

IFI 097<IFI<1 095<IFI<0.97 0.951 Acceptable

TLI 0.97<NNF<1 0.95<NNFI<0.97 0.936 —

CFl 097<CFl<1 095<CFI<097 0.950 Acceptable

RMSEA 0<RMSEA <0.05 0.05<RMSEA<0.10 0.0643 Acceptable

2 (Erkorkmaz et al., 2013)

SRMR, standardized root mean square residual; df, degrees of freedom; GFl, goodness-of-fit index; AGFI, adjusted GFI; RFI, relative fit index; IFl, incremental fit index;
TLI, Tucker Lewis index; NNF, nonnormed fit; NNFI, NNF index; CFl, comparative fit index; RMSEA, root mean square error of approximation

Table 4 Internal consistency of the Turkish-adapted simulation self-reported cognitive load measurement tool 2.0

Subdimension Included Min-max (median) Mean+SD Internal consistency
items Spearman- Guttman Cronbach
Brown alpha
Intrinsic 1,2,3,414 7-44 (25) 2425+8.15 0.548 0.626 0.757
Extraneous 567,815 17-42 (28) 2830+4.74 0.654 0.556 0572
Germane 9,10,11,12,16 13-45 (36) 34.56+824 0.845 0.737 0.848
Total 1-16 43-117(88) 87.11+£12.32 0.779 0.721 0.822
** Spearman-Brown and Guttman are values obtained via split-half methods
SD, standard deviation
Table 5 Correlations between factors
Factor 1 Factor 2 Factor 3
(intrinsic) (extraneous) (germane)

Factor 1 (intrinsic)

ré 1

p _
Factor 2 (extraneous)

ré 0.325

p 0.001
Factor 3 (germane)

ré -0.192 0.058

D 0.001 0.548
Total

re 0.659 0.562 0.520

p 0.001 0.001 0.001

@ By Pearson correlation

tool that measures cognitive load during a student simu-
lation experience led to the choice of the Simulation Self-
Report Cognitive Load Measurement Tool 2.0. In the
present study, we aimed to adapt the tool for use in Turk-
ish culture and to evaluate the validity of the inferences
drawn from its scores, as well as its reliability. There are
no studies on the adaptation of the scale to different lan-
guages and cultures. Therefore, the results of our adap-
tation study are discussed only by comparing them with
the findings of the original scale.

The content and construct validity of the tool were
analyzed to provide evidence for its ability to measure
the intended constructs. Content validity was evaluated
by consulting experts, who assessed the extent to which
each item of the tool adequately represented the con-
cept it was intended to measure [30, 31]. In this study,
10 academics were asked for their opinions. The content
validity index obtained from such a consultation var-
ies depending on the number of experts, and when the
number of experts consulted is 10, the content validity
index achieved must be at least 0.78 [32]. The content
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validity index (CVI) of all the items in the tool was found
to be 0.80, and the content validity ratio (CVR) was 1.00.
These results provide evidence that each item, subdimen-
sion, and total score of the tool adequately represent the
intended constructs, supporting the content validity of
the adapted tool.

Confirmatory factor analysis was used to examine the
construct validity of the tool. Confirmatory factor analy-
sis verifies the factors determined in measurement tools
adapted from another language [33-35]. The indices
used in CFA are x2/df, the goodness-of-fit index (GFI),
the incremental fit index (IFI), CFI, RMSEA, and SRMR
[36, 37]. The acceptable fit value for the GFI, IFI, and CFI
is 20.90, and a value of >0.95 is considered good. The
acceptable fit value for x2/df is between 3 and 4, with
a value between 0 and 3 being considered good. The
acceptable fit value for the RMSEA is 0.05-0.08, with a
good fit value of 0-0.05. The acceptable fit value for the
SRMR is 0.05-0.10, with a good fit value of 0-0.08 [37,
38]. The fit values for the Turkish-adapted tool were x2/
df, 1.423; GFI, 0.867; IFI, 0.951; CFIL, 0.950; RMSEA,
0.0643; and SRMR, 0.084. These results indicate good
and acceptable fit indices, with a good fit for the cor-
rected chi-square value, supporting the construct validity
of the adapted tool (p=0.001; p<0,01). The fit values in
the study by Leppink et al. were CFI, 0.995; TLI, 0.992;
and RMSEA, 0.035 [19]. The differences between the fit
criteria for the original tool and the Turkish-adapted tool
were minimal and were attributed to linguistic and cul-
tural adaptations made during the translation process.
These differences reflect the influence of cultural and
contextual factors on the tool’s structure while maintain-
ing its overall validity.

The CFA of the tool revealed that the factor loadings
were 0.48-0.80 for the intrinsic load subdimension, 0.31—
0.78 for the extraneous load subdimension, and 0.30—
0.92 for the germane load subdimension. The literature
indicates that items with a factor loading of less than 0.30
should be removed from the pertinent dimension [39].
The overall load (item 13) is not included in the dimen-
sion structure because this item has a different structure
than the others. However, the score for the overall load
is added to the total score. The critical values and sig-
nificance values demonstrated that all the items in the
subdimensions were necessary. The present study deter-
mined that the factor loadings were not less than 0.30
and were within acceptable limits. In the original study,
Leppink et al. (2013) included error correlations between
some items in the germane subdimension and stated that
this could explain the effects of different teaching styles.
Accordingly, the tool can be said to have an acceptable
factor structure for the Turkish sample [19].

Reliability is defined as the ability of a tool to mea-
sure a desired characteristic consistently [40]. Internal
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consistency means that all the items and subdimensions
measure the same concept. The methods most com-
monly used to determine the internal consistency of a
tool's measurements include the Cronbach’s alpha reli-
ability coefficient and the item—total score reliability [25,
41]. The Cronbach’s alpha coefficient, which reveals the
internal consistency of measurements, is generally quite
reliable in the range of 0.60-0.80 and highly reliable in
the range of 0.80—1.00 [42]. Accordingly, the extraneous
load subdimension of the scale had a low level of reliabil-
ity (Cronbach’s a=0.572), while the intrinsic load (Cron-
bach’s a=0.757) and germane load (Cronbach’s o =0.848)
subdimensions were found to be quite reliable. When all
the items of the scale were evaluated together, Cronbach’s
a value was calculated as 0.822 and it was determined
that the scale had a high level of reliability in general.

In the correlation between the scores for each item and
the total tool score, a high correlation coefficient indi-
cates that the relevant item measures the same concept
as other items in the test. A low correlation coefficient
indicates that the relevant item measures a concept dif-
ferent from those measured by the other items in the test
[43, 44]. The item—total score correlation values for the
Turkish-adapted tool items ranged between 0.328 and
0.688. All item—total correlation coefficients were 0.30
and greater, as recommended [45]. Notably, this coef-
ficient is significant at the 95% confidence interval and
has a significant pvalue [25, 35]. The scores for all the
items in the tool were statistically significantly higher for
the upper 27% of the participants than for the lower 27%
(p=0.001; p<0.01). While the item-total score correla-
tion values for the scale adapted to Turkish vary between
0.328 and 0.688, items 6 and 8 have lower correlation val-
ues compared to other items. Although there is no defini-
tive consensus on the acceptable range of the correlation
coefficient, it is generally stated in the literature that it
should be between 0.30 and 0.50 [43, 46]. In addition, it is
emphasized that the removal of items with an item-total
score correlation coefficient below 0.30 from the scale
should be decided by evaluating the effect of these items
on the Cronbach’s alpha coefficient [35, 47]. This study
determined that items 6 and 8 would not be deleted from
the scale, as their exclusion did not result in a substan-
tial change in the Cronbach’s alpha value. The item-total
score correlation coefficients of the other items are at sat-
isfactory levels regarding reliability.

The observation of a statistically significant negative
correlation (r = -0.192, p<0.001) between the “intrinsic”
and “germane” subdimensions is an unexpected finding
and points to problems in defining the concepts or to spe-
cific effects in the context of the Turkish sample. Theo-
retically, a positive relationship between the intrinsic load
and the germane load is expected, but this negative cor-
relation suggests that intrinsic load may hinder cognitive
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processes rather than support the germane load. This
result can be evaluated in the context of individual differ-
ences. Although the general intrinsic load average of the
group is at a moderate level, students with lower prior
knowledge may have difficulty in creating germane load
by perceiving intrinsic load higher. This situation shows
that individual prior knowledge levels may affect the rela-
tionship between intrinsic and germane load. It is also
known that the scales used to measure different subdi-
mensions of cognitive load do not always work perfectly
[19]. These results indicate that the Turkish-adapted tool
is strong in terms of both content validity and construct
validity and is suitable for making a reliable assessment of
the cognitive load of nursing students.

The split-half method was used to test the reliability
of the measurements obtained via the Turkish-adapted
tool. A high reliability coefficient indicates that the origi-
nal and Turkish-adapted tools are both reliable; an insuf-
ficiently high coefficient indicates that the reliability of
both tools is low [48]. Because no other scale that mea-
sures the three types of cognitive load in simulation-
based education within nursing education is available,
the criterion-related validity method was not employed.
The Cronbach’s alpha for the first half was 0.635, and for
the second half, it was 0.667. The relationship between
the averages of the two halves was 0.687, indicating a
moderate level of consistency between the halves and
supporting the internal structure of the tool. Addition-
ally, the Spearman—Brown coefficient of 0.800 and the
Guttman split-half coefficient of 0.796 provide evidence
for the internal consistency and reliability of the tool,
supporting its ability to measure the intended constructs
with a high degree of precision.

Our results demonstrate that the Turkish-adapted tool
is valid and reliable for measuring three different cogni-
tive loads in nursing students during simulation prac-
tices. Researchers can therefore use this tool in relevant
research. The tool is recommended for use, especially in
students with simulation experience; however, its use in
students with no previous simulation experience might
be premature given the anxiety and stress specific to a
first simulation practice. These factors must therefore
be taken into consideration during the application of the
tool.

Limitations

The inclusion of second-year nursing students from a sin-
gle foundation university in Turkey should be considered
when generalizing the findings of this study. This tool is
a self-assessment instrument, and students may vary in
their ability to perform accurate self-evaluations. Such
variability could influence the reliability and validity of
the results. The findings may be influenced by differences
in students’ prior knowledge levels, the instructional
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design of the simulation, and the self-reported nature
of the tool. Variations in prior knowledge among stu-
dents could lead to inconsistent perceptions of extra-
neous cognitive load, while differences in instructional
design may have shaped how students experienced cog-
nitive demands during the simulations. Additionally, as
a self-report tool, individual differences in how students
perceive and interpret their cognitive load may contrib-
ute to response variability, potentially affecting internal
consistency. Although the sample size (n=101) was suf-
ficient for statistical analyses, the fact that participants
were drawn from a single institution may limit the gen-
eralizability of the findings. Differences in curriculum,
instructional methods, and student demographics across
institutions could further influence cognitive load per-
ceptions. These contextual factors underscore the impor-
tance of interpreting reliability and validity estimates
within the specific context of the study.

Future research with larger and more diverse student
samples is recommended to enhance external validity
and ensure broader applicability of the results. Such stud-
ies could provide additional evidence for the tool’s valid-
ity and reliability across different educational settings and
student populations.

Conclusion and recommendations

The Turkish-adapted Simulation Self-Report Cognitive
Load Measurement Tool 2.0 demonstrated acceptable
psychometric properties, providing evidence supporting
its use in assessing the cognitive load of nursing students
during simulation practices. The tool consists of three
factors and 16 items, encompassing intrinsic, extrane-
ous, and germane cognitive load, as well as total cognitive
load. On the basis of these findings, the Turkish-adapted
tool is recommended for measuring various aspects of
cognitive load among nursing students engaged in simu-
lation practices.

The validation process was guided by a framework
that emphasizes the importance of evaluating the infer-
ences drawn from the tool’s scores rather than the tool
itself. This approach ensures that the tool’s validity is
context-specific and supported by evidence from mul-
tiple sources, including internal structure and relation-
ships between subdimensions. This study, within the
context of external evidence, provides additional evi-
dence for the validity of the tool developed to measure
cognitive load and support the development of cognitive
load theory and contributes to making the model more
comprehensive and universally applicable. Future studies
should consider correlating the tool’s scores with exter-
nal indices, such as objective measures of cognitive load,
to strengthen the validity evidence. Although the sam-
ple size (n=101) was sufficient for the statistical analy-
ses performed, the fact that participants were selected
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from a single foundation university in Turkiye may limit
the generalizability of the findings. Differences in cur-
riculum, teaching methods, and student demographics
across institutions may influence students’ perceptions
of cognitive load. To enhance external validity and ensure
broader applicability of the results, future studies should
test the tool with larger and more diverse sample groups.

The use of this tool may contribute to the development
of strategies aimed at improving the design and imple-
mentation of simulation practices in nursing education.
By assessing students’ perceptions of cognitive load dur-
ing simulation applications, the tool can help identify
areas where students may experience excessive cogni-
tive strain, enabling instructors to adapt their teaching
strategies accordingly. Additionally, the tool can be used
to evaluate the effectiveness of different simulation-
based teaching methods, optimize scenario complexity,
and enhance the overall learning experience of nursing
students.
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