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Cognitive Load Theory

General

Cognitive load theory is a cognitivist learning theory introduced in mid-1980s by John Sweller, an
Australian educational psychologist. The key aspect of this theory is the attention paid to the human
cognitive architecture: characteristics and relations between long-term memory and working
memory, and how load on cognitive system affects learning. Working memory is the critical
part of this system since it enables new information to be assimilated into long-term memory. In
Sweller's words,

e “instructional designs that ignore working memory are likely to be random in their
effectiveness””,

What is cognitive load theory?

Sweller in his theory recognizes Information processing theory introduced in 1950s by George Miller
and findings that human working memory has a very limited duration® and capacity of 7+2* or even
as little as 4+1 elements®. This number is further reduced to just two or three if some manipulations
with those elements have to be performed”. He suggests that there are evolutionary reasons for that
and that such working memory could be even more efficient than a bigger one.”

Learning is according to Sweller an alteration in the long-term memory, which in humans has
practically unlimited capacity”. That capacity is used to store knowledge in schematic forms, where
schemata, according to Sweller represent

e “cognitive constructs that incorporate multiple elements of information into a single element
with a specific function”®.

Importance of the working memory in the learning process is that in order to reach long-term memory
storage, information first has to be retrieved and processed by the working memory. After acquiring a
new schema (verbal, pictorial, spoken or written”), it can be further extended and improved by
practice and finally automated (for example operation of reading). If a schema is automated,
conscious effort needed to perform a task related to it will be decreased."”
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According to the cognitive load theory, during the process of learning, a cognitive load is imposed on
the working memory. For learning to be efficient, the amount of cognitive load imposed must not
exceed the capacity available. Cognitive load theory sugggests three types of cognitive load"":

Cognitive load types

This type of cognitive load is caused by the learners own effort to construct

Germane new schemata. “Effective instructional methods encourage learners to invest
cognitive load |free processing resources to schema construction and automation, evoking
germane cognitive load.”*”.

This type of cognitive load is caused by inappropriate instructional designs
that do not take into considerations mentioned limitations and architecture of

Extraneous |human memory. Sweller and other researchers have proposed various methods
cognitive load [for improving instructional design. Since most of them is oriented on learning
from multimedia materials, they are listed and explained in the Cognitive theory
of multimedia learning section.

This type of cognitive load is caused by element interactivity or inherent
complexity of the information which needs to be processed. For example, when
translating a number of words intrinsic cognitive load is quite small, but when
translating same number of words forming part of a sentence intrinsic cognitive
load is higher since not only meanings of individual words, but also their relations
must be analyzed. Newly suggested techniques to reduce intrinsic load include
simple to complex ordering or molar instead of modular presentations.".

Intrinsic
cognitive load

Cognitive load types are additive.'¥ That means the reduction of extraneous cognitive load may
allow an increase in germane cognitive load. Also, if intrinsic cognitive load is rather low (information
to learn is not complicated), it can be learned even though extraneous cognitive load is rather high
(learning material is badly designed).

One of the problems related to cognitive load theory is measuring of cognitive load. The most
commonly used method is a one item questionnaire. In the original questionnaire introduced by Fred
Paas in which learners mark their “perceived amount of mental effort” on a 1 to 9 scale with extreme
values labeled “very, very low mental effort” and “very, very high mental effort”.*> This is the most
common way of measuring cognitive load, yet there is no standard form of questionnaire, nor labels
or scale range, which makes results difficult to compare. Other methods include neuro-imaging
techniques or physiological measures like heart rate variability or introducing a secondary task while
learning, yet non of these provided satisfying results™.
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What is the practical meaning of cognitive load theory?

Key concepts of Sweller's theory are human working memory characteristics which have to be
considered during instructional design in order to free as much capacity for learning as possible. That
will reduce cognitive load overall or enable increase in learners germane cognitive load. Both ways it
should enable more successful learning.

Various ways of reducing extraneous cognitive load have been suggested so far. Since they mostly
origin from same roots as the cognitive theory of multimedia learning, they are summarized and
explained in cognitive theory of multimedia learning section.

Aside from reducing extraneous load, learners should be encouraged to increase their germane load,
which can be achieved with help of learning scaffolds, questions reminding them on the just learned
content and practice materials. Instructional approaches successfully increasing germane load have

shown to enhance learning”.

Criticisms

Although cognitive load theory is at this time one of the dominant learning theories, it is still criticized

for a number of reasons. Conceptual problems with cognitive load theory include™:

e Post-hoc explanations - “the fact that cognitive load is composed of three different elements
that are “good” (germane), “bad” (extraneous), or just there (intrinsic) means that every
outcome fits within the theory post-hoc.”*”

 Doubtable additivity - Ton de Jong®® also claims that intrinsic cognitive load is by itself
different from extraneous cognitive load (the first refers to cognitive processes and the second
to learning material or representations) and therefore cannot be added to the overall cognitive
load. This claim is supported by Moreno®”.

* Lack of precision in describing concepts such as cognitive load, mental load, and mental
effort””,

* Problems in definitions of each type of cognitive load*”.

Methodological problems with cognitive load theory include®:

e There is no reliable method for measuring cognitive load

e Limited value of experiments since most of them were conducted in laboratories and include
“participants who have no specific interest in learning the domain involved and who are also
given a very short study time”*. Often the results were not so supportive in real classroom
settings.

* Does not take into consideration newer cognitive research or attempt to explain role of
working memory in learning.

Keywords and most important names

¢ Cognitive load theory, long-term memory, working theory, information processing
theory, schema, extraneous cognitive load, intrinsic cognitive load, germane
cognitive load

Learning Theories - https://learning-theories.org/


https://learning-theories.org/doku.php?id=learning_theories:cognitive_theory_of_multimedia_learning
http://users.edte.utwente.nl/jong/

Last
update:
2023/06/19
15:49

learning_theories:cognitive_load_theory https://learning-theories.org/doku.php?id=learning_theories:cognitive_load_theory&rev=1315837054

¢ John Sweller, George Miller, Fred Paas
Bibliography

Plass, Jan L., Roxana Moreno, and Roland Brunken. Cognitive Load Theory. Cambridge University
Press, 2010.

Mayer, Richard E. The Cambridge handbook of multimedia learning. Cambridge University Press,
2005.

Kirschner, P. A, Sweller, . and Clark, R. E. Why minimal guidance during instruction does not work: An
analysis of the failure of constructivist, discovery, problem-based, experiential, and inquiry-based
teaching. Educational psychologist 41, no. 2: 75-86. 2006.

Theory into practise: Cognitive Load Theory (). Sweller) Retrieved May 21, 2011.

Paas, F., A. Renkl, & Sweller, J. Cognitive load theory and instructional design: Recent developments.
Educational Psychologist 38, no. 1: p1-4. 2003.

Read more

Plass, Jan L., Moreno, R. and Briinken R. Cognitive Load Theory. Cambridge University Press, 2010.

Jong, Ton. Cognitive load theory, educational research, and instructional design: some food for
thought. Instructional Science 38, no. 2: 105-134. 8, 2009.

Paas, F., Renkl, A. and Sweller J. Cognitive Load Theory: A Special Issue of Educational Psychologist.
Routledge, 2003.

1)
Sweller, J. Implications of Cognitive Load Theory for Multimedia Learning. In Mayer, Richard E. The
Cambridge handbook of multimedia learning. Cambridge University Press, p22. 2005.

2)

Peterson, L. and Peterson, M. Short-term retention of individual verbal items. Journal of Experimental
Psychology, 58, 193-198. 1959.

3)

Miller, G. A. The magical number seven, plus or minus two: Some limits on our capacity for processing
information. Psychological Review, 63, 81-97. 1956.

4)
Cowan, N. The magical number 4 in short-term memory: A reconsideration of mental storage
capacity. Behavioral and Brain Sciences, 24,87-114. 2001.

5)

van Gog, T., Ericsson, K., Rikers, R. and & Paas, F. Instructional design for advanced learners:
Establishing connections between the theoretical frameworks of cognitive load and deliberate
practice. Educational Technology Research & Development, 53(3), 73-81. 2005.

6)
Sweller, J. Instructional design consequences of an analogy between evolution by natural selection
and human cognitive architecture. Instructional Science 32, no. 1: 9-31. 2004.

https://learning-theories.org/ Printed on 2025/07/11 19:42


http://education.arts.unsw.edu.au/staff/john-sweller-726.html
http://www.lifecircles-inc.com/Learningtheories/IP/GAMiller.html
http://www.ou.nl/eCache/DEF/18/182.html
http://books.google.hr/books?id=mFJe8ZnAb3EC&printsec=frontcover#v=onepage&q&f=false
http://books.google.hr/books?id=mFJe8ZnAb3EC&printsec=frontcover#v=onepage&q&f=false
http://www.google.com/books?id=duWx8fxkkk0C&printsec=frontcover#v=onepage&q&f=false
http://www.google.com/books?id=duWx8fxkkk0C&printsec=frontcover#v=onepage&q&f=false
http://www.cogtech.usc.edu/publications/kirschner_Sweller_Clark.pdf
http://www.cogtech.usc.edu/publications/kirschner_Sweller_Clark.pdf
http://www.cogtech.usc.edu/publications/kirschner_Sweller_Clark.pdf
http://tip.psychology.org/sweller.html
http://www.uky.edu/~gmswan3/544/Cognitive_Load_&_ID.pdf
http://www.uky.edu/~gmswan3/544/Cognitive_Load_&_ID.pdf
http://books.google.hr/books?id=mFJe8ZnAb3EC&printsec=frontcover#v=onepage&q&f=false
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://books.google.hr/books?id=DCcSZ7GC8lAC&pg=PA12&lpg=PA12&dq=Paas,+F.,+Renkl,+A.+and+Sweller+J.+Cognitive+Load+Theory:+A+Special+Issue+of+Educational+Psychologist&source=bl&ots=3rJz3_Atn4&sig=_4oYT82NHGkrqUJCh1yL1E1Nl9g&hl=hr&ei=0cFrTeWNGNSx8QOW1_DxBw&sa=X&oi=book_result&ct=result&resnum=2&ved=0CCMQ6AEwAQ#v=onepage&q&f=false
http://books.google.hr/books?id=DCcSZ7GC8lAC&pg=PA12&lpg=PA12&dq=Paas,+F.,+Renkl,+A.+and+Sweller+J.+Cognitive+Load+Theory:+A+Special+Issue+of+Educational+Psychologist&source=bl&ots=3rJz3_Atn4&sig=_4oYT82NHGkrqUJCh1yL1E1Nl9g&hl=hr&ei=0cFrTeWNGNSx8QOW1_DxBw&sa=X&oi=book_result&ct=result&resnum=2&ved=0CCMQ6AEwAQ#v=onepage&q&f=false
http://books.google.hr/books?id=duWx8fxkkk0C&pg=PA22&dq=Instructional+designs+that+ignore+working+memory+limitations+are+likely+to+be+random+in+their+effectiveness&hl=hr&ei=6ySHTaz9LI7CswbUqcmNAw&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCgQ6AEwAA#v=onepage&q=Instructional%20designs%20that%20ignore%20working%20memory%20limitations%20are%20likely%20to%20be%20random%20in%20their%20effectiveness&f=false
http://books.google.hr/books?id=duWx8fxkkk0C&pg=PA22&dq=Instructional+designs+that+ignore+working+memory+limitations+are+likely+to+be+random+in+their+effectiveness&hl=hr&ei=6ySHTaz9LI7CswbUqcmNAw&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCgQ6AEwAA#v=onepage&q=Instructional%20designs%20that%20ignore%20working%20memory%20limitations%20are%20likely%20to%20be%20random%20in%20their%20effectiveness&f=false
http://www.ncbi.nlm.nih.gov/pubmed/14432252
http://www.ncbi.nlm.nih.gov/pubmed/14432252
http://cogprints.org/730/1/miller.html
http://cogprints.org/730/1/miller.html
ftp://ftp.cis.upenn.edu/pub/cse140/public_html/2002/Cowan.pdf
ftp://ftp.cis.upenn.edu/pub/cse140/public_html/2002/Cowan.pdf
http://institute.nsta.org/scipack_research/instruct_design_advanced_learners_establishing_connections_etrd7.pdf
http://institute.nsta.org/scipack_research/instruct_design_advanced_learners_establishing_connections_etrd7.pdf
http://institute.nsta.org/scipack_research/instruct_design_advanced_learners_establishing_connections_etrd7.pdf
http://users.cdli.ca/bmann/0_ARTICLES/CogLoad_Sweller04.pdf
http://users.cdli.ca/bmann/0_ARTICLES/CogLoad_Sweller04.pdf

2025/07/11 19:42 5/6 Cognitive Load Theory

7)

Cowan, N. What are the differences between long-term, short-term, and working memory? Progress in
brain research 169: 323-338. 2008.

8) 14)

’

Paas, F., A. Renkl, and J. Sweller. Cognitive load theory and instructional design: Recent
developments. Educational Psychologist 38, no. 1: 1-4. 2003.

9)

Mayer, Richard E. Multimédia learning, p21. Cambridge University Press, 2001.

10)

Sweller, J. Visualisation and instructional design. In Proceedings of the International Workshop on
Dynamic Visualizations and Learning, 1501-1510, 2002.

11)

The earlier versions of the theory (1988-1998) included only two types of the cognitive load:
extraneous and intrinsic. Germane cognitive load was introduced in Sweller, J., van Merriénboer, J. J.
G. and Paas, F. G. W. C. Cognitive architecture and instructional design. Educational Psychology
Review, 10, 251-296. 1998.

12)

Merriénboer, Jeroen J. G. and Sweller, ). Cognitive Load Theory and Complex Learning: Recent
Developments and Future Directions. Educational Psychology Review 17, no. 2: 147-177. July 2005.

13)

For example see: van Merrienboer, Jeroen J. G., Paul A. Kirschner, and Liesbeth Kester. Taking the
Load Off a Learner’s Mind: Instructional Design for Complex Learning. Educational Psychologist 38, no.
12003: 5. 2003. or Gerjets, Peter, Katharina Scheiter, and Richard Catrambone. Designing
Instructional Examples to Reduce Intrinsic Cognitive Load: Molar versus Modular Presentation of

Solution Procedures. Instructional Science 32, no. 1/2: 33-58. January 2004.
15)

Paas, Fred G. Training strategies for attaining transfer of problem-solving skill in statistics: A
cognitive-load approach. Journal of Educational Psychology 84, no. 4: 429-434. 1992. cited by Jong,
Ton. Cognitive load theory, educational research, and instructional design: some food for thought.
Instructional Science 38, no. 2: 105-134. August 2009.

16)

Jong, Ton. Cognitive load theory, educational research, and instructional design: some food for
thought. Instructional Science 38, no. 2: 105-134. August 2009.

17)

Clarke, T., Ayres, P. and Sweller, J. The impact of sequencing and prior knowledge on learning
mathematics through spreadsheet applications. Educational Technology Research & Development,
53(3), 15-24. 2005.

18)

Holton Doug. EdTechDev: developing educational technology. Cognitive Load Theory: Failure?
19) 20) 22) 23) 25)

Jong, Ton. Cognitive load theory, educational research, and instructional design: some food for
thought. Instructional Science 38, no. 2: 105-134. 8, 2009.

21)
Moreno, Roxana. Cognitive load theory: more food for thought. Instructional Science 38, no. 2:
135-141. 11, 2009. cited by Holton Doug. EdTechDev: developing educational technology. Cognitive

Load Theory: Failure?
24)

Holton Doug. EdTechDev: developing educational technology. Cognitive Load Theory: Failure?

Learning Theories - https://learning-theories.org/


http://web.missouri.edu/~cowann/documents/Cowan2008progressinbrainresearchSTMLTM.pdf
http://web.missouri.edu/~cowann/documents/Cowan2008progressinbrainresearchSTMLTM.pdf
http://www.uky.edu/~gmswan3/544/Cognitive_Load_&_ID.pdf
http://www.uky.edu/~gmswan3/544/Cognitive_Load_&_ID.pdf
http://books.google.hr/books?id=ymJ9o-w_6WEC&printsec=frontcover&dq=Mayer,+Richard+E.+Multim%C3%A9dia+learning&hl=hr&ei=XMNrTeSmG43ItAbaprn3DA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCcQ6AEwAA#v=onepage&q&f=false
http://www.cmu.edu/teaching/trynew/sweller-visualinstructionaldesign.pdf
http://www.cmu.edu/teaching/trynew/sweller-visualinstructionaldesign.pdf
http://www.scribd.com/doc/47751/Sweller-Cognitive-Load-Theory-and-Instructional-Design
http://www.scribd.com/doc/47751/Sweller-Cognitive-Load-Theory-and-Instructional-Design
http://www.scribd.com/doc/47751/Sweller-Cognitive-Load-Theory-and-Instructional-Design
http://elkedagopendag.nl/Docs/Expertise/OTEC/Publicaties/jeroen%20van%20merrienboer/VanMerrienboerSweller.pdf
http://elkedagopendag.nl/Docs/Expertise/OTEC/Publicaties/jeroen%20van%20merrienboer/VanMerrienboerSweller.pdf
http://ou-nl.academia.edu/PaulKirschner/Papers/281917/Taking_the_Load_Off_a_Learners_Mind_Instructional_Design_for_Complex_Learning
http://ou-nl.academia.edu/PaulKirschner/Papers/281917/Taking_the_Load_Off_a_Learners_Mind_Instructional_Design_for_Complex_Learning
http://ou-nl.academia.edu/PaulKirschner/Papers/281917/Taking_the_Load_Off_a_Learners_Mind_Instructional_Design_for_Complex_Learning
http://www.springerlink.com/index/JL14Q60710WN5088.pdf
http://www.springerlink.com/index/JL14Q60710WN5088.pdf
http://www.springerlink.com/index/JL14Q60710WN5088.pdf
http://psycnet.apa.org/index.cfm?fa=buy.optionToBuy&id=1993-13061-001
http://psycnet.apa.org/index.cfm?fa=buy.optionToBuy&id=1993-13061-001
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://institute.nsta.org/scipack_research/impact_sequencing_prior_knowledge_on_learning_etrd2.pdf
http://institute.nsta.org/scipack_research/impact_sequencing_prior_knowledge_on_learning_etrd2.pdf
http://institute.nsta.org/scipack_research/impact_sequencing_prior_knowledge_on_learning_etrd2.pdf
http://edtechdev.wordpress.com/2009/11/16/cognitive-load-theory-failure/
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://www.springerlink.com/content/4060516n357576j7/fulltext.pdf
http://edtechdev.wordpress.com/2009/11/16/cognitive-load-theory-failure/
http://edtechdev.wordpress.com/2009/11/16/cognitive-load-theory-failure/
http://edtechdev.wordpress.com/2009/11/16/cognitive-load-theory-failure/

Last
update:
2023/06/19
15:49

learning_theories:cognitive_load_theory https://learning-theories.org/doku.php?id=learning_theories:cognitive_load_theory&rev=1315837054

From:
https://learning-theories.org/ - Learning Theories

Permanent link:
https://learning-theories.org/doku.php?id=learning_theories:cognitive_load_theory&rev=1315837054

Last update: 2023/06/19 15:49

https://learning-theories.org/ Printed on 2025/07/11 19:42


https://learning-theories.org/
https://learning-theories.org/doku.php?id=learning_theories:cognitive_load_theory&rev=1315837054

	Cognitive Load Theory
	General
	What is cognitive load theory?
	What is the practical meaning of cognitive load theory?
	Criticisms
	Keywords and most important names
	Bibliography
	Read more


