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Objectives: The cognitive load scale has only been vali-
dated in non-problem-based learning settings. Hence, this
study was conducted to assess the validity of this scale in
a problem-based learning environment by testing its
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construct validity and internal consistency.

Methods: We conducted a cross-sectional study on 125
first-year medical students after a problem-based learning
session. Confirmatory factor analysis was performed to
test its construct validity using the Analysis of Moment
Structure software. The internal consistency of this in-
ventory was determined through reliability analysis using
the Statistical Package for Social Sciences software (SPSS).

Results: A total of 93 medical students completed the
inventory. The analysis showed that the three-factor scale
attained an acceptable level of goodness-of-fit indices,
indicating good construct validity. The scale’s Cronbach’s
alpha was more than 0.7, indicating a high level of in-
ternal consistency. All of the items attained a standardized
factor loading of more than 0.5, which indicated high
contributions to the respective scales. The mean levels of
students’ intrinsic load and self-perceived learning were
high, and the mean level of students’ extraneous load was
low. These findings signalled that students learned well
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during the session despite difficult instruction.

Conclusion: Because the cognitive load level is an
important outcome for the efficiency of instructional
design, we suggest that the aforementioned scale, which is
valid and reliable, should be used in the future either as a
research measurement or diagnostic feedback tool for
problem-based learning evaluation.
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Introduction

Cognitive Load Theory (CLT) is an instructional theory
that describes the occurrence of optimal learning when
instructional material is designed in a manner that fits the
function of human cognition. "The elements in CLT have been
based on a strong foundation of working memory research,” >
and its principles have been proven to result in an efficient
learning environment by dozens of empirical studies.®” '’ The
main focus of CLT is to envisage the outcome performance
of learners by taking into account the capacity and
restrictions of human cognition while designing instructional
material.'! Human cognition includes a combination of
working memory, which has a limited capacity for and
duration of information processing, and long-term memory,
which has an unlimited capacity for storing cognitive schemas
and high automaticity." >Human working memory is central to
this theory because it receives and converts information sent by
sensory memory into cognitive schema and transfers it to long-
term memory for storage.3 Because the processes of schema
construction and automation indicate learning, it is vital for
instructional material to not exceed the limited capacity of
working memory.” Hence, it is imperative for instructors to
understand the different types of cognitive loads (e.g., the
amount of information) that could contribute to working
memory overload before implementing the theory into their
instructional design.

Within the first two decades of its introduction, CLT
identified three types of cognitive load: intrinsic, extraneous
and germane loads.'””'* Intrinsic load refers to the difficulty
level of the instructional content, resulting from the amount
of inter-correlation between essential elements in the
instructional material."” However, one could have learned
some of these elements prior to instruction; hence, this load
could be affected by the learners’ prior knowledge,l(’
Extraneous load is the unnecessary load imposed by poorly
designed instruction. In other words, this load occurs when
distracting elements are introduced that are not related to
the content of instruction.'” Extraneous load refers to the
unnecessary load that is commonly associated with how a
teacher prepares and delivers the instruction.”® These two
types of loads strongly contribute to the theoretical
framework of CLT and are commonly manipulated to
produce an efficient learning environment.

By contrast, germane load, which was introduced at a later
stage of the theory, refers to the mental effort
that is consciously invested by the learners while processing
elements of the intrinsic load.'> Hence, it is the ‘good
load’ that needs to be maximized during learning. However,
there is a lack of concordance between the theoretical

explanation and empirical findings on the existence of
germane load in previous research, thus leading to the
reconceptualization of this theory.”*z] The new dimension
of CLT excludes germane load from the framework due to
its vague predictive and explanatory roles in schema
construction and automation, as reported by many
studies,”” *® and this dimension was further strengthened
by the fact that germane load could not be distinguished
from the intrinsic load and measured independently.lg

Measuring the cognitive loads after an instructional
process provides valuable information on the mental activ-
ities of the learners. The information obtained from this
measurement could shed some light on the issue of variability
in learning outcomes that exists between different learners
despite receiving similar instruction or different formats of
instruction.'® In general, measurement of the cognitive load
could be conducted either subjectively, by measuring the
learners’ self-rating on perceived mental effort, or objec-
tively, by investigating outcome variables, such as task per-
formance; input variables, such as task difficulty; and
process-related behavioural variables, such as psychophysi-
ological measures.'"?’ Due to its objectivity and the validity
of the measurement, the latter approach is more favoured
among cognitive researchers.'**"° However, the objective
measure of cognitive load has some drawbacks. Apart
from being a time-consuming measure, its usability is
limited to research settings because it requires the recruit-
ment of ‘suitable’ subjects who can complete the tasks to be
measured. Furthermore, the objective measure of cognitive
load does not make a distinction between the different types
of loads, of which the information is important for future
teaching and learning improvement.14 These shortcomings
are often addressed by the use of cognitive load subjective
rating scales.

There are several versions of subjective rating scales
for cognitive load measurements. The early versions of
these scales are unidimensional tools that measure either the
total cognitive load or individual types of cognitive loads
through the use of semantic differential scales, 10333738
Despite the fact that they are easy to implement and do
not interfere with other task performance, the validity of
these ratings was only based on two assumptionslz the
learners are capable of cogitating their mental load during
learning and’ there is direct correlation between the
students’ self-rating and the actual level of cognitive
load.'®33-37 Therefore, the validity and reliability of these
measures are uncertain and have been addressed in several
studies.”’*”"*! In addition, research at a later stage
revealed that the unidimensional tools, when combined to
simultaneously measure different types of cognitive load,
failed to distinguish each load as a separate entity.’;z'33
This led to a new dimension of research by Leppink at
el.,'® who introduced a three-factor with ten-item instru-
ment termed the cognitive load scale that was developed
through principal component and confirmatory factor an-
alyses. A subsequent study by Leppink at el. 1% revealed that
this scale was able to differentiate between intrinsic and
extraneous loads, but not germane load. Hence, their
findings support the reconceptualization of the CLT with
regard to the existence of germane load.

Subsequently, the cognitive load scale has been used in
several studies to measure the two different types of cognitive
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load in different academic contexts, which include linguistics,
statistics, psychology, computer science, social and health sci-
ences, and medicine.*”** The third previously unnamed factor
was termed the ‘self-perceived learning domain’ because the
four items of this domain reflect students’ perceptions of how
much the instruction enhanced their understanding of the
topic.44 Morrison et al.,* who studied the level of cognitive
loads in a computer science context, conducted a
confirmatory factor analysis on the best-fit model proposed
by Leppink et al."” and reported the same model fit. This
indicated that the cognitive load scale has good construct
validity across different academic contexts. Apart from that,
Leppink et al.l” reported the high internal consistency of
each factor, with Cronbach’s alpha ranging from 0.785 to
0.947, reflecting the high reliability of the measure.

Nonetheless, the construct validity of this scale across
different modes of instructional delivery has yet to be
explored. Since its development, this scale has been commonly
used in a lecture-based instructional setting, although its use is
not limited to this setting. One exception is a study by Berg-
man et al.,* who measured the cognitive loads of the learners
using this scale after an anatomy dissection class. The study
revealed interesting findings that might have implications
for the future role of clinically applied contexts in
learning.44 The modes of instructional design in medical
education are moving from conventional, didactic teaching
methods (e.g., lecture and tutorial) towards problem-based
learning (PBL).4’ In PBL, group members focus on the
process of discovery via clinical scenarios as triggers for
learners to identify their own learning issues, brainstorm on
key issues and perform independent learning through
research. Afterwards, the results are presented to the group
and refined in group discussions.*® In comparison to non-
PBL (i.e., conventional, didactic teaching methods), PBL
learners acquire knowledge in an active and self-directed way,
through integration of basic and clinical science subjects with
minimal guidance from PBL tutors.*>° We anticipated that
similar problems as those mentioned by Bergman et al.*
will be encountered in PBL instruction, as this type of
learning requires students to learn within a clinical context
despite being novices. As suggested by Qiao et al.*’ in their
review, cognitive load theory should be explored and its
principles should be adopted during PBL sessions to lessen
the mental burden of medical students during learning. As
they highlighted, PBL might seem to be an interesting self-
learning strategy and is accepted widely by medical educa-
tors, but these learning sessions might impose a high cognitive
load on students who lack experience in clinical reasoning.47
To verify their concern, we attempted to investigate the
construct validity (i.e., convergent and discriminant) and
internal consistency of the CLS among medical students in a
PBL setting. In addition, as preliminary data, we attempted
to measure the intrinsic load, extraneous load and self-
perceived learning after a PBL session.

Materials and Methods
Study design and ethical clearance

We conducted a cross-sectional study at a public Malay-
sian medical school after receiving permission from the

institution’s Human Research Ethics Committee. Participa-
tion was on a voluntarily basis.

Participants’ background

This study involved 125 first-year medical students during
the 2015/2016 academic session who underwent SPICES (i.e.,
student-centred, problem-based, integrated, community-
based, elective, systematic and spiral) medical curriculum in
the School of Medical Sciences, Universiti Sains Malaysia.
The medical school has implemented the SPICES curriculum
since its inception in 1979 and was the first to offer PBL in
Asia.*® In the first year, students were divided into 15 PBL
groups (i.e., 8—9 students per group) and went through a
total of 25 PBL sessions. Each PBL session consisted of 2
small group meetings of 2 h duration, usually scheduled for
the beginning and end of each week.

Sample size and sampling method

The sample size was calculated based on the recom-
mended ratio of 5—10 subjects per item™’; consequently, 50
to 100 participants is an adequate sample size for testing
the construct validity of a 10-item scale. Purposive sam-
pling was employed to select participants, and verbal consent
was sought from the participants prior to the study. All of the
first-year medical students were invited to participate in this
study after a PBL session. None of the participants’ personal
profiles (e.g., gender, religion, ethnic groups) were obtained
to ensure their anonymity. Medical students who agreed to
participate were asked to respond to the scale immediately
after the PBL session ended.

The cognitive load scale

The CLS is a ten-item inventory that was developed and
validated by Leppink et al.'®"” Written permission was
obtained from its developer through e-mail prior to the
study. The CLS uses a ten-point semantic rating scale
ranging from ‘not all of the case’ to ‘completely the case’,
which measures participant’s subjective ratings of the listed
items: items 1, 2 and 3 measure the intrinsic load; items 4, 5
and 6 measure the extraneous load; and the remaining items
measure the students’ self-perceived learning. The inventory
is provided in Appendix 1.

The authors provided a short briefing (less than 5 min) on
the CLS and informed the participants to complete the CLS,
which was expected to take less than 5 min, immediately after
the PBL session. Participants were asked to hand over the
completed CLS form to the authors immediately after the
PBL session.

Data analysis

The psychometric properties of the CLS were evaluated
by confirmatory factor analysis (CFA) using the Analysis of
Moment Structure (AMOS) software. Goodness-of-fit
indices were assessed to support the latent constructs of the
CLS. These indices are summarized in Table 1. The latent
construct was considered to fit the model if it achieved the
acceptance level.
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Table 1: Goodness of fit indices that were used to signify model fit.

Name of category Name of index

Level of acceptance

Absolute fit"

Incremental Fit”
Tucker—Lewis Index (TLI)
Normed Fit Index (NFI)

Parsimonious fit*

Root Mean Square of Error Approximation (RMSEA)
Goodness of Fit Index (GFI)
Comparative Fit Index (CFI)

Chi Square/Degree of Freedom (Chisq/df)

less than 0.08"°
more than 0.97°
more than 0.97*
more than 0.97°
more than 0.97°
less than 577

% Absolute Fit: Measures the overall goodness-of-fit for both the structural and measurement models collectively. This type of measure
does not make any comparison to a specified null model (incremental fit measure) or adjust for the number of parameters in the estimated

model (parsimonious fit measure).

® Incremental Fit: Measures goodness-of-fit that compares the current model to a specified “null” (independence) model to determine the

degree of improvement over the null model.

¢ Parsimonious Fit: Measures goodness-of-fit representing the degree of model fit per estimated coefficient. This measure attempts to
correct for any “overfitting” of the model and evaluates the parsimony of the model compared to the goodness-of-fit.

The contributions of the observed variables (i.e., the items
of CLS) to the latent variables (i.e., constructs) were esti-
mated by standardized factor loadings — high factor loadings
indicate a high contribution of the item to the construct.”’
Modification Indices (MI) were created that estimated the
correlations between variables, and a reduction of chi-
square values was seen if these correlations added to the
model  fit.”’ Any observed variables should have
standardized residual covariance (SRC) values of less than
2 to signify that the model is correct.’™! Therefore,
observed variables were retained in the model if they met
the acceptable values of MI, SRC and standardized factor
loading.m Observed variables should only be removed
based on a theoretical basis or with a literature review.” >*

Cronbach’s alpha coefficient measured reliability with
Statistical Package for Social Sciences (SPSS) software to
signify the internal consistency. Cronbach’s alpha values of
more than 0.7 were considered to be high internal consis-
tency, and values between 0.6 and 0.7 were considered to be
satisfactory internal consistency.””

Construct validity was assessed through the assessment of
convergent validity and discriminant validity, which reflected
the internal structure of any constructs.”® Convergent
validity was checked with the size of factor loading,
average variance extracted (AVE) and composite reliability
(CR). The item factor loading values should be reasonably
high (0.5 or more) on respective constructs to signify
convergent validity.’ " The authors calculated AVE and CR
manually based on the recommendations of previous
studies.”’*® Convergent validity was achieved if the AVE
values were more than 0.5 and the CR values were more
than 0.6.°*°" Discriminant validity of a construct was
tested by comparing its shared variance (SV) and AVE
values. SV is given as the square of the correlation between

Table 2: The results of confirmatory factor analysis of CLS.

two constructs.”” AVE values higher than SV wvalues
signified an acceptable level of discriminant validity.5 S A
correlation between constructs of less than 0.85 was
considered to be good discriminant Validity.so

Results

Table 2 summarizes the results of the CFA. The analysis
revealed that one-factor model of CLS failed to achieve a
model fit, indicating that CLS has multiple constructs. The
results showed that the original three-factor model with 10
items achieved acceptable values on the goodness-of-fit
indices, suggesting a good model fit. In addition, the corre-
lation values between the constructs were less than 0.85,
indicating good discriminant validity, as illustrated in
Figure 1. The correlation between the intrinsic load and self-
perceived learning was 0.17, between the intrinsic and
extraneous loads was 0.13, and between the extraneous load
and self-perceived learning was —0.31.

The reliability analysis confirmed that the final model
showed a high level of internal consistency, as the Cron-
bach’s alpha was greater than 0.7 (Table 3). The composite
reliability values of the CLS constructs ranged between
0.83 and 0.95, as shown in Table 4, indicating a high level
of convergent validity. All of the standardized factor
loadings were more than 0.5, suggesting an adequate level
of convergent Validity.57 In addition, the AVE value of
each construct was more than its SV value, indicating a
good level of discriminant validity.

Table 5 shows the mean and standard deviation of each
construct. The intrinsic load score was more than average,
indicating that a high level of PBL content complexity was
perceived by the students. The extraneous load score was

Variable X° — statistic (df) p-value Goodness of fit indices

ChiSq/df RMSEA GFI CFI NFI TLI
One-factor model” 295.003 (35) <0.001 8.429 0.284 0.619 0.650 0.625 0.549
3-factor model” 36.885 (32) 0.253 1.153 0.041 0.929 0.993 0.953 0.991

% The original construct of the CLS was supported for a model fit.
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Figure 1: Standardized factor loading of the CLS constructs based on the final model.

Table 3: The reliability analysis of the 10 items of the CLS based on the final model.

No Item Standardized *Domain “Cronbach’s ‘AVE dCR
factor loading Alpha
1 The topics covered in the PBL were very complex. 0.76 Intrinsic load 0.88 0.73 0.89
2 The PBL covered terminologies that I perceived 0.95
as very complex.
3 The PBL covered concepts and definitions that I 0.84
perceived as very complex.
4 The instructions and explanations during the PBL 0.87 Extraneous 0.82 0.62 0.83
were very unclear. load
5 The instructions and explanations during the PBL 0.84
were full of unclear language.
6 The instructions and explanations during the PBL 0.63
were, in terms of learning, very ineffective.
7 The PBL really enhanced my understanding 0.77 Self-perceived 0.95 0.84 0.95
of the topics covered. learning
8 The PBL really enhanced my understanding 0.91
of the terminologies covered.
9 The PBL really enhanced my knowledge of 0.97
concepts and definitions.
10 The PBL really enhanced my knowledge and 0.99

understanding of the subject.

# Reliability analysis; Cronbach’s alpha coefficient.
® Domains were predetermined based on a previous study. i
¢ AVE (Average Variance Extracted) was calculated manually based on formula given by Fornell & Larcker.’’

n_ )2
AVE = % A = standardized factor loading #» = number of item

4 CrR (Composite Reliability) was calculated based on formula given by Fornell & Larcker.’’

(Z?:Ji)z
( =1 1:')2 + (ZLJ 5:‘)

CR = A = standardized factor loading, 0 = error variance
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Table 4: AVE and SV of the CLS based on the final model.

Factors AVE SV by factor

IL EL SPL
Intrinsic load 0.73 1 0.017 0.029
Extraneous load 0.62 0.017 1 0.096
Self-perceived learning 0.84 0.029 0.096 1

Table 5: The mean and standard deviation of the CLS scores.

CLS domain N Mean Std. Deviation
Intrinsic load 93 6.33 1.83
Extraneous load 93 3.72 2.06
Self-perceived learning 93 7.05 1.89

below average, indicating minimal exposure to distracting
elements during the PBL session. The self-perceived
learning score was more than average, indicating that the
students perceived the PBL as an interesting session, which
motivated them to learn.

In summary, our results showed that the three-factor CLS
achieved an acceptable level of construct (i.e., convergent
and discriminant) validity with a high level of internal con-
sistency. The psychometric credentials and usability of this
scale as well as the future implications of the CLT on PBL
instruction are discussed in the next section.

Discussion

Since its establishment as a means to measure cognitive
loads, the psychometric properties of CLS in lecture-based
instruction have been evaluated in several studies.'®'"*
These studies reported that CLS has good construct
validity with a high level of internal consistency.l&l‘)“l2 Our
study, although conducted in a different context of
instruction, revealed similar findings; thus, our study
strengthened the psychometric credentials of this inventory
across different modes of instructional delivery.

The three-factor model of CLS has an appropriate latent
construct to measure cognitive loads as the goodness-of-fit
indices were attained — indicating an acceptable level of
construct Validity.5 ° The reliability analysis showed that there
was high internal consistency of CLS components, as
the Cronbach’s alpha values were greater than 0.7.%
Similar to Leppink et al.,'®!” we found that the correlations
between CLS constructs were independent, as the
correlation coefficients were less than 0.85, suggesting good
discriminant validity.”” This finding demonstrates that CLS
successfully measured the different types of mental loads
and thus supports the multidimensional concept of CLT.

Our preliminary data showed that the PBL session
imposed a high intrinsic load and a low extraneous load to
the students. In addition, the students’ self-perceived
learning scores were noted to be high. These results suggest
that the students invested more mental effort processing the
intrinsic load than the extraneous load. Aligned with the
reconceptualization of germane load, the invested mental
effort might be consciously allocated by students during the

PBL session, as evidenced by their high self-perceived
learning score.!” These findings fit the concept of PBL in
medical school because students were exposed to difficult
clinical-based triggers despite being novices,”’°! students
have autonomy in learning because they were able to
decide the content of their discussion and deliver
information in a manner that could be easily understood
by their peers,(’2 and students could learn at their own pace
with the appropriate use of available resources.”’

Despite the fact that the PBL method is constructed based
on a solid framework consisting of several learning theories
and approaches,(’o“ﬁ47(‘6 there were some concerns raised by
educators with regard to the outcome of PBL, particularly
regarding the inadequate self-perceived knowledge acquisi-
tion demonstrated by students who underwent PBL curric-
ulum.®**” In addition, some authors highlighted the lack of
empirical evidence to support the effectiveness of the PBL
approach on improving the knowledge base, clinical
competency and clinical consultation.®®®” There are issues
addressed by cognitive researchers with regards to the
implications of minimal guidance during PBL instruction
because the information searching strategies conducted by
students imposes heavy mental loads on their working
memory.”’ Due to the use of fully occupied working
memory resources for information searching, schema
acquisition would be hampered; hence, less information is
stored in long-term memory.”’ Although their assumption
was supported by empirical evidence in cognitive research,
it has been disputed by constructivists who favour PBL.”
These arguments could only be resolved by conducting a
well-designed experimental study that compares all of the
outcome variables measures, including the cognitive load
levels, between PBL and other types of instruction, as sug-
gested by Berkson (1993) in her review:

“Because no one has yet been able to characterize, and,
therefore measure, the cognitive components that make up
problem solving, a direct answer to the question of whether
PBL teaches problem solving better that traditional school
is unavailable.”

Hence, this study supports the need for more research to
explore students’ mental workload during PBL session.
Understanding students’ cognitive load level would provide
better insight for PBL tutors on how to manage the cognitive
loads of their students without jeopardizing the concept of
PBL.

Future research should contribute towards a better un-
derstanding of how CLT could be adopted in a constructivist
framework of PBL. Measuring the cognitive loads of stu-
dents during PBL sessions using the CLS could be a good
start toward implementing this work. Measuring students’
cognitive loads should not be limited to one or several PBL
sessions, but should be measured longitudinally across
different durations, and the CLS should be used as a diag-
nostic feedback measure before making any improvisations
to PBL instruction. The fact that medical students needed
less than five minutes to complete the CLS indicates the
feasibility of administering this measure after a PBL session.

We acknowledge several limitations of our study. First,
this study was conducted at a medical school in Malaysia, so
the findings might not be generalizable to other institutions.
A multi-centre study is recommended to verify the present
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findings. Second, this study was conducted after one PBL
session, which might not completely reflect the respondents’
judgments regarding “the PBL”. “The PBL” could refer to a
session as well as to respondents’ experiences with PBL in a
broader context. Moreover, the fact that respondents were
nested within learning groups may have influenced their re-
sponses to some extent; it is known that students from the
same group tend to yield more similar responses than
random students from different groups. Therefore, future
research should measure cognitive loads longitudinally
across different PBL sessions to verify the psychometric
credentials of the CLS constructs. Third, these data assessed
the construct validity of the questionnaire in terms of its
internal structure with regard to the convergent and
discriminant validity of the measured constructs. Further
study would benefit from an additional randomized
controlled experiment that uses the current questionnaire
and manipulates an element in the PBL session (experimental
vs. control condition) that is known to make a difference in
terms of either the intrinsic or extraneous cognitive load.
This will help to establish empirical support for the validity
of the questionnaire that might help the field and advance the
theory. Finally, the sample size was relatively small, so the
findings should be interpreted with caution. Future research
should involve a larger study cohort.

Conclusions

This study supports the construct validity, reliability,
feasibility and significance of the CLS as a tool to measure
cognitive loads of medical students in a PBL setting. We
believe that the CLS could be used as a PBL evaluation feed-
back tool. By measuring medical students’ cognitive loads
together with other outcome variables of PBL, educators could
provide high-quality evidence on the strengths and weaknesses
of PBL as well as a strong justification for improving PBL
instruction, if required, for future implementation.

Practice points

e The cognitive load level is an important outcome for the
efficiency of instruction.

e Cognitive load measurements during PBL provide insight
into how much students learned during the session.

e The strengths and weaknesses of PBL can be determined
through the cognitive load measure.

e Cognitive loads can be measured using the cognitive load
scale.

e The cognitive load scale is a construct-valid and reliable
tool.
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