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WM RESOURCES FOR 
PROCESSING EL

COGNITIVE LOAD THEORY

WM RESOURCES FOR 
PROCESSING IL

EXTRENOUS LOAD (EL) (non-
beneficial instruction features for learning)

INTRINSIC LOAD (IL) (Task 
complexity & learner prior knowledge)

Limited Working Memory (WM) Capacity

Total Cognitive Load (CL)

Total cognitive load is contributed by summation 
of intrinsic and extraneous load

Total cognitive load should not exceed the 
limited capacity of the working memory

(Bannert et al., 2009; de Croock et al., 1998; Grobe & Renkl, 2006; Kalyuga, 2011; Leppink et al., 2014; 
Sweller, 1988; Van Gog et al, 2004; Van Gog et al., 2006; Van Gog et al., 2009; van Merrienboer et al., 2002)

Vorführender
Präsentationsnotizen
With the notion that learning can be compromised with insufficient working memory resources, CLT outlines that the total cognitive load should not exceed the limited capacity of the working memory (Sweller J. Cognitive load during problem solving: Effects on learning. Cognitive science. 1988;12(2):257-85)

According to cognitive load theory (Sweller, 2010; Sweller, Van Merriënboer, & Paas, 1998; Van Merriënboer & Sweller, 2005), instruction can impose three types of cognitive load (CL) on a learner’s cognitive system: task complexity and the learner’s prior knowledge determine the intrinsic load (IL), instructional features that are not beneficial for learning contribute to extraneous load (EL), and instructional features that are beneficial for learning contribute to germane load (GL). IL should be optimized in instructional design by selecting learning tasks that match learners’ prior knowledge (Kalyuga, 2009), whereas EL should be minimized to reduce ineffective load (Kalyuga & Hanham, 2011; Paas, Renkl, & Sweller, 2003) and to allow learners to engage in activities imposing GL (Van Merriënboer & Sweller, 2005).

The extent to which instructional features contribute to EL or GL may depend on the individual learner and the extent to which the individual learner experiences IL. For examples:
1. less knowledgeable learners may learn better from worked examples (i.e., worked example effect; Cooper & Sweller, 1987; Paas & Van Merriënboer, 1994; Sweller & Cooper, 1985)
2. less knowledgeable learners may learn better from completing a partially solved problem (i.e., a problem completion effect; Paas, 1992; Van Merriënboer, 1990) than from autonomous problem solving (i.e., learners are able to solve problems spontaneously).
3. More knowledgeable learners benefit optimally from autonomous problem-solving (i.e., expertise reversal effect; Kalyuga, Ayres, Chandler, & Sweller, 2003; Kalyuga, Chandler, Tuovinen, & Sweller, 2001).
     The information presented in worked examples is redundant for more knowledgeable learners who have the cognitive schemata to solve the problem 
        without instructional guidance, and processing redundant information leads to EL (i.e., a redundancy effect; Chandler & Sweller, 1991).
4. Also, when instructions are presented in such a way that learners need to split their attention between two or more mutually referring information sources they are likely to experience higher EL (i.e., split-attention effect; Sweller, Chandler, Tierney, & Cooper, 1990).

17. Kalyuga S. Cognitive load theory: how many types of load does it really need? Educ Psychol Rev 2011/03/01; 23(1): 1e19.
19. Leppink J, Paas F, Van Gog T, van Der Vleuten CP, Van Merrienboer JJ. Effects of pairs of problems and examples on task performance and different types of cognitive load. Learn Instr 2014 4; 30: 32e42.
22. Van Gog T, Paas F, Van Merrie¨nboer JJ. Process-oriented worked examples: improving transfer performance through enhanced understanding. Instr Sci 2004; 32(1e2): 83e98.
23. Große CS, Renkl A. Effects of multiple solution methods in mathematics learning. Learn Instr 2006; 16(2): 122e138.
24. Van Gog T, Paas F, van Merrie¨nboer JJ. Effects of processoriented worked examples on troubleshooting transfer performance. Learn Instr 2006; 16(2): 154e164.
25. Bannert M, Hildebrand M, Mengelkamp C. Effects of a metacognitive support device in learning environments. Comput Hum Behav 2009; 25(4): 829e835.
26. Van Gog T, Jarodzka H, Scheiter K, Gerjets P, Paas F. Attention guidance during example study via the model’s eye movements. Comput Hum Behav 2009; 25(3): 785e791.
27. de Croock MB, van Merrie¨nboer JJ, Paas FG. High versus low contextual interference in simulation-based training of troubleshooting skills: effects on transfer performance and invested mental effort. Comput Hum Behav 1998; 14(2): 249e267.
28. van Merrienboer JJG, Schuurman JG, de Croock MBM, Paas FGWC. Redirecting learners’ attention during training: effects on cognitive load, transfer test performance and training efficiency. Learn Instr 2002 2; 12(1): 11e37.



• Subjective
– Learner self-rating of mental effort (during the task)
– Learner self-rating of difficulty (after the task)
– Cognitive Load Scale (CLS) (measures IL, EL & 

Self-Perceived Learning)

• Objective 
– Task performance 
– Input variables, such as task difficulty
– Process-related behavioural variables, such as 

psychophysiological measures

COGNITIVE LOAD MEASUREMENT

(Galy et al., 2012; Leppink et al., 2013,2014; Plass et al., 2010; Pass, 1992; Young et al., 2014)

Vorführender
Präsentationsnotizen
Plass JL, Moreno R, Brunken R. Cognitive load theory. In: Plass JL, Moreno R, BrU¨ nken R, editors. New York: Cambridge University Press; 2010. pp. 1e5.

Galy E, Cariou M, Me´ lan C. What is the relationship between mental workload factors and cognitive load types? Int J Psychophysiol 2012 3; 83(3): 269e275.

Leppink J, Paas F, Van der Vleuten CM, Van Gog T, Van Merrie¨ nboer JG. Development of an instrument for measuring different types of cognitive load. Behav Res 2013/12/01; 45(4): 1058e1072.




VALIDITY EVIDENCE

Validity

Response 
process (the 

relationship between the 
intended construct and 

the thought processes of 
subjects or observers)

Internal structure 
(demonstrate acceptable 

reliability and factor 
structure)

Relations to 
other variables 
(correlation with other 

instrument assessing the 
same construct)

Consequences
(do scores really make a 

difference?)

Content (do 
instrument items 

completely represent 
the construct?)

(Cook & Beckman, 2006. Current Concepts in Validity and Reliability for Psychometric 
Instruments: Theory and Application. American Journal of Medicine)

Vorführender
Präsentationsnotizen
Plass JL, Moreno R, Brunken R. Cognitive load theory. In: Plass JL, Moreno R, BrU¨ nken R, editors. New York: Cambridge University Press; 2010. pp. 1e5.

Galy E, Cariou M, Me´ lan C. What is the relationship between mental workload factors and cognitive load types? Int J Psychophysiol 2012 3; 83(3): 269e275.

Leppink J, Paas F, Van der Vleuten CM, Van Gog T, Van Merrie¨ nboer JG. Development of an instrument for measuring different types of cognitive load. Behav Res 2013/12/01; 45(4): 1058e1072.







VALIDITY EVIDENCE OF CLS

CLS

Response process: 
Social & health sciences 

students (statistics; language); 
Health sciences freshman 

(statistics); Medical 
students (anatomy)

Internal structure: 
Stable Factor Structure; 

High internal consistency
Relations to 

other variables: 
Correlate with factors 

that assumed represent 
IL & EL

Consequence: 
High SPL improve 
performance; High IL & 
EL hampering learning

Content: Intrinsic 
Load; Extraneous Load; 
Self-Perceived Learning

(Bergman et al., 2015; Leppink et al., 2013,2014)

PBL?

Vorführender
Präsentationsnotizen
Plass JL, Moreno R, Brunken R. Cognitive load theory. In: Plass JL, Moreno R, BrU¨ nken R, editors. New York: Cambridge University Press; 2010. pp. 1e5.

Galy E, Cariou M, Me´ lan C. What is the relationship between mental workload factors and cognitive load types? Int J Psychophysiol 2012 3; 83(3): 269e275.

Leppink J, Paas F, Van der Vleuten CM, Van Gog T, Van Merrie¨ nboer JG. Development of an instrument for measuring different types of cognitive load. Behav Res 2013/12/01; 45(4): 1058e1072.







PBL: HISTORICAL OVERVIEW

1960’ 1970’ 1980’ 1990’

(Virginie Servant, 28 May 2014, The Origins of PBL, Erasmus University College. http://www.youtube.com/watch?v=iNldRmR1Aj8)

1969: McMaster 
University, School 
of Medicine, 
Canada

1972: Roskilde 
University, Denmark
1974: Aalborg 
University, Denmark
1974: Maastricht 
University, Holland
1975: Newcastle 
University, Australia
1979: Universiti 
Sains Malaysia, 
Malaysia
1975: University 
New Mexico, US

1985: Harvard 
School of Medicine, 
US
1986: Linköping
University, Sweden

1990: Tokyo 
Women’s  Medical 
University, Japan 
1992: Gadjah Mada
University, Indonesia
1997: The University 
of Hong Kong, Hong 
Kong



PBL: PROCESS

• Clarify unfamiliar 
termsStep 1

• Define problems 
to be discussedStep 2

• Brainstorm on 
the problemsStep 3

• Elaboration of 
the proposed  
explanations 

Step 4

• Formulation of 
learning objectivesStep 5

• Self-study to 
gather information in 
relation to the 
learning objectives

Step 6

• Share the results 
of self-study with the 
group members

Step 7

• Consolidation 
on the key learning 
objectives by experts

Step 8



PBL: TRIGGER

“A TRIGGER is 
problems that 

provide the key units 
for structuring 

relevant learning.”

(Davis & Harden, 1999)



PBL: TRIGGER

“The nature of student 
learning in PBL is to a 
large extend depend on 
quality of TRIGGERS 

presented to them.”

(Gijselaers & Schmit, 1990; Schmit et al., 1995)



PBL: PARTICIPANTS’ ROLES
Tu

to
r •Encourage all group 

members to 
participate

•Assists chair with 
group dynamic and 
keeping to time

•Check scribe keeps 
an accurate record

•Prevent side tracking
•Ensure group 

achieve appropriate 
learning objectives

•Check 
understanding

•Assess performance

Ch
ai

r • Lead the group 
through the process

• Encourage all 
members to 
participate

•Maintain group 
dynamics

•Keep to time
•Ensures group keep 

to tasks in hand
•Ensures the scriber 

can keep up and is 
making accurate 
record

Sc
rib

e •Records points 
made by group

•Help group order 
their thoughts

•Participate in 
discussion

•Record resources 
used by group

G
ro

up
 M

em
be

r •Follows the steps of 
process in sequence

•Participate in 
discussion

• Listens to and 
respects 
contributions from 
others

•Ask open questions
•Research all learning 

objectives
• Shares information 

with others

(Wood, 2003) 



PBL INSTRUCTIONAL VARIABLES & CL

(Gijselaers & Schmit, 1990; Schmit et al., 1995)

Task complexity and 
the learner’s prior 
knowledge determine 
the intrinsic load Instructional features 

that are not beneficial 
for learning contribute 
to extraneous load

Instructional features 
that are beneficial for 
learning contribute to 
Self-Perceived Learning

Vorführender
Präsentationsnotizen
EL should be minimized: 
to: reduce ineffective load to free the available working memory resources for processing IL.
 subsequently allow learners to engage in activities that are beneficial for learning 



Maastricht 
Experience 

on PBL



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230

Medical knowledge: 
Inconsistent results between 
PBL vs. non-PBL



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230

Medical knowledge: 
Inconsistency of results 
between PBL vs. non-PBL

Diagnostic reasoning skills: 
Consistently PBL based is 
better than non PBL based



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230

Physical examination: 
Consistently PBL based is 
better than non PBL based



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230

Cognitive skills: PBL based is 
better than non PBL based



Henk van Berkel, Albert Scherpbier, Harry Hillen, 
Cees van Der Vleuten. (2010). Lessons from 
Problem-Based Learning. New York, Oxford 
University Press, pg 229-230

General academic skills: PBL 
based is better than non PBL 
based

Perception of the quality of 
the curriculum: PBL based is 
perceive more positive than 
non PBL based



ANTICIPATED CL IN PBL

Task complexity and the 
learner’s prior knowledge

IL

Instructional features that 
are not beneficial for learning

EL

Instructional features that 
are beneficial for learning

SPL

Moderate 
to High

Low to 
Moderate

Moderate 
to High

Vorführender
Präsentationsnotizen
EL should be minimized: 
to: reduce ineffective load to free the available working memory resources for processing IL.
 subsequently allow learners to engage in activities that are beneficial for learning 



RESEARCH QUESTIONS

• To what extent does CLS distinguishably 
measure IL, EL & SPL in PBL setting?

• Does CLS is a reliable measurement tool 
of cognitive loads in PBL setting?

• To what extent does CLS score reflect the 
anticipated cognitive loads in PBL?

3 Questions



MATERIALS & METHODS

• A cross sectional for a validation study.

Study Design

• Calculated sample size: 50 to 100 sample is 
adequate (10 item self-rating; 5-10 samples per item) 
(Costello & Osborne, 2005).

Sample Size

• Purposive sampling method.

Sampling



MATERIALS & METHODS

• 125 first year medical students in 2015/2016 
academic session.

• SPICES (student-centred, problem-based, 
integrated, community-based, elective, systematic 
and spiral) medical curriculum.

• 15 PBL groups (8-9 students per group).
• 25 PBL sessions. 
• Per PBL, 2 meetings, 2 hours per meeting, usually 

scheduled at the beginning and end of each week.

Participants



MATERIALS & METHODS

• CLS was administered the medical students 
immediately after the first PBL meeting.

• CLS was immediately collected after the first PBL 
meeting.

• Participation was voluntary.
• A short briefing (less than 5 min) on the CLS was 

provided to the participants and completion of 
CLS was expected to take less than 5 min.

Data Collection



(Modified from Leppink et al., 2013,2014)

Intrinsic load

Extraneous load

Self-perceived 
learning

MATERIALS & METHODS

Figure 1: The 
Cognitive Load Scale

Interpretation of the 
mean score of each:

Low level = 0-4

Moderate level = more 
than 4 and less than 7

High level = 7 and more

A ten-point semantic rating scale

Measures participant’s subjective ratings



MATERIALS & METHODS

• CFA was performed by AMOS 22 to examine its 
internal structure:
– Construct validity: Goodness of Fit Indices (Table 1)

Data Analysis



MATERIALS & METHODS

• CFA was performed by AMOS 22 to examine its 
internal structure:
– Construct validity: Goodness of Fit Indices (Table 1)
– Convergent validity: 1) Factor loading (more than 

0.5); 2) Average variance extracted (AVE; more than 
0.5); 3) Composite reliability (CR; more than 0.6) (Hair et al., 
2009; Streiner & Norman, 2008; Zainudin, 2012).

– Discriminant validity: 1) AVE value higher than SV 
values (Fornell & Larcker, 1981) ; 2) A correlation between 
constructs of less than 0.85 (Brown, 2006).

Data Analysis



MATERIALS & METHODS

• Reliability analysis was performed by SPSS 22 
to examine its internal consistency –
Cronbach's alpha value more than 0.7 is 
considered as high internal consistency (Streiner & 

Norman, 2008). 

Data Analysis



RESULTS

• The original three-factor CLS with 10 items 
achieved acceptable values on the goodness-of-
fit indices, suggesting a good model fit.

Construct Validity



RESULTS

• CLS achieved high internal consistency, 
indicated by Cronbach’s alpha more than 0.7.

Reliability



RESULTS

• CLS achieved good convergent validity, 
indicated by factor loading and AVE more than 0.5, 
and CR more than 0.5 (Hair et al., 2009; Streiner & Norman, 2008; Zainudin, 2012).

Convergent Validity



RESULTS

Figure 2: Correlation between 
three CLS constructs based on 
the final model.

• CLS achieved acceptable discriminant validity, 
indicated by 1) correlation between IL, EL & SPL construct less than 
0.85 (Fornell & Larcker, 1981) and 2) AVE values more than SV values (Brown, 2006)

Discriminant Validity

0.13 0.17

-0.31



RESULTS

Task complexity and the 
learner’s prior knowledge

IL

Instructional features that 
are not beneficial for learning

EL

Instructional features that 
are beneficial for learning

SPL

Moderate

Low

High



DISCUSSION

• CLS has good:
 construct validity
 convergent validity
 discriminant validity

• Cronbach's alpha values of 
CLS constructs ranged from 
0.82 to 0.95.
Leppink et al (2013) reported the 

Cronbach’s alpha ranged from 0.75 
to 0.82 (statistics).

Leppink et al (2014) reported the 
Cronbach’s alpha ranged from 0.79 
to 0.95 (statistics & language)

INTERNAL STRUCTURE



DISCUSSION

• These facts suggest CLS has a stable validity 
with high internal consistency across 
datasets of different population: Social & health 
sciences students (lecture in statistics & language); Health sciences 
freshman (lecture in statistics); Medical students (PBL).

INTERNAL STRUCTURE



DISCUSSION

PBL & CL

Task complexity and the 
learner’s prior knowledge

IL

Instructional features that 
are not beneficial for learning

EL

Instructional features that 
are beneficial for learning

SPL

Moderate 
to High

Anticipated

Moderate

Finding

PBL imposed a moderate intrinsic load



DISCUSSION

Task complexity and the 
learner’s prior knowledge

IL

Instructional features that 
are not beneficial for learning

EL

Instructional features that 
are beneficial for learning

SPL

Moderate 
to High

Low to 
Moderate

Moderate

Low

Finding

PBL imposed a low extraneous load

Anticipated

PBL & CL



DISCUSSION

Task complexity and the 
learner’s prior knowledge

IL

Instructional features that 
are not beneficial for learning

EL

Instructional features that 
are beneficial for learning

SPL

Moderate 
to High

Low to 
Moderate

Moderate 
to High

Moderate

Low

High

Finding

PBL imposed a high self-perceived learning

Anticipated

PBL & CL



DISCUSSION

• These findings suggest that the students invested more 
mental effort processing the IL than the EL.

• These findings fit the concept of PBL because:
 students were exposed to complex clinical-based triggers 

despite being novices;
students have autonomy in learning because they were able 

to decide the content of discussion and deliver 
information in a manner that could be easily understood by 
their peers;

students could learn at their own pace with the appropriate 
use of available resources.

• This suggests consequence validity of CLS scores in 
PBL setting  the score reflects the anticipated CL of PBL.

PBL & CL



DISCUSSION

• This study was conducted at a medical school, the findings 
might not be generalizable to other institutions.

• This study was conducted after one PBL session, which 
might not completely reflect the respondents’ judgments
regarding “the PBL”.

• These data assessed the construct validity of the 
questionnaire merely of its internal structure without 
manipulation of PBL elements that is known to make 
difference in term of either the IL or EL.

• The sample size was relatively small, so the findings should 
be interpreted with caution.

LIMITATIONS



DISCUSSION

• CLS should be used as a diagnostic feedback measure 
before making any improvisations to PBL instruction.

• Future research should contribute towards a better 
understanding of how CLT could be adopted in PBL without 
jeopardizing the concept of PBL.

• Students’ cognitive loads should not be limited to one or 
several PBL sessions, but should be measured 
longitudinally across different durations.

• 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 IL or EL.

IMPLICATIONS



• This study supports the construct validity, reliability, 
feasibility and significance of the CLS as a tool to 
measure cognitive loads of medical students during 
PBL.

• This study warrants the need for more research to 
explore students’ mental workload during PBL 
session for improving PBL instruction for future 
implementation.

CONCLUSION

Hadie SNH, Yusoff MSB. Assessing the validity of the cognitive load scale in a 
problem-based learning setting. J Taibah Univ Med Sc, 2016;11(3):194-202.  
http://dx.doi.org/10.1016/j.jtumed.2016.04.001
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