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cognitive load in the workplace learning environment.

 List possible interventions to optimize cognitive load in the 

workplace learning environment.
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Trainee performance can be suboptimal in workplace 
environments 

 Radiology trainees make more errors when required to 

interpret studies and answer phones (Balint et al. 2014)

 Medicine trainees have lower accuracy when interpreting 

cases under time pressure (Alquatani et al. 2016)

 Low performance in skills they predominantly learn in 

workplaces (Echocardiography: Nair et al 2006, Endoscopy: Vyasa et al 2017)



How do we learn? 
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an

Echoic and Iconic
Sensory Memory

Working
Memory Long-term

Memory

Retention 25-2000

milliseconds;

large capacity Retention15-30

seconds;

capacity limited

(7 ± 2 units)

Retention and

capacity

theoretically

infinite

images
retrieval

encoding, storage
a en on

Figure 1. Aktinson–Shriffin three-stage model of human memory.

Cognitive Load Theory

373

M
ed

 T
ea

ch
 D

o
w

n
lo

ad
ed

 f
ro

m
 i

n
fo

rm
ah

ea
lt

h
ca

re
.c

o
m

 b
y
 U

n
iv

e
rs

it
y

 o
f 

T
o
ro

n
to

 o
n

 1
0
/0

4
/1

4
F

o
r 

p
er

so
n
al

 u
se

 o
n

ly
.

tactile 

Atkinson & Shiffrin 1968 

Young et al. Medical Teacher. 2014



representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long-term mem ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

mentswould close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Implications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long-term mem ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

mentswould close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Implications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. Thisoccurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long-term mem ory

Unlike WM, LTM is theoretically limitless in itscapacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

mentswould close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Implications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long- term m em ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

ments would close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Im plications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. This occurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long-term mem ory

Unlike WM, LTM is theoretically limitless in its capacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

mentswould close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Implications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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representation (or schema) and connecting this with relevant

prior knowledge activated from LTM. Thisoccurs, for example,

when we construct the schema of chicken noodle soup after

observing a bowl filled with a steaming yellow liquid with

noodles and small bits of white meat or when the student

examines the tracings of an ECG (visual images) and identifies

normal sinus rhythm with ST elevation (a cognitive represen-

tation). In each case, multiple pieces of information are re-

arranged into one representation, which can then be activated

in the WM as one single element.

Dual-channel theory places an additional constraint on

WM—the auditory and visual channels for processing sensory

information in the WM are partly independent of one another

(Mousavi et al. 1995). This means that each channel has a

predetermined limited capacity to process incoming informa-

tion, i.e. one channel may be saturated while the other is not.

It also means that limited WM capacity can be expanded

by utilizing both channels rather than only one (Sweller et al.

1998). For example, the words in an online module that also

includes multiple diagrams can be spoken rather than printed

(e.g. on a slide) in order to offload information from the visual

channel onto the auditory channel.

These limitations in WM capacity and duration are particu-

larly evident when the information is novel to the learner—the

absence of pre-existing ‘‘chunks’’ in LTM with which to

organize the information means the learner’s WM can easily be

overwhelmed. In assessing a patient with angina, the new

student’s WM will be fully taxed simply by processing the

different possible permutations or interactions of the patient’s

key symptoms: sub-sternal chest pain with shortness of breath

and nausea that radiates to the left shoulder/arm and only

occurs with exertion in the absence of fever or cough. A more

experienced student will recognize the pattern and be able to

‘‘chunk’’ all of this information into the schema of ‘‘angina’’—a

single element in WM rather than seven individual symptoms.

Long-term mem ory

Unlike WM, LTM is theoretically limitless in itscapacity to store

information. LTM holds cognitive schemata that vary in their

degree of complexity and automation (van Merriënboer &

Sweller 2005, 2010). Schemata are domain-specific knowledge

structures. A schema organizes multiple elements of informa-

tion according to how those elements relate to each other

and/or will be used. Illness scripts represent a type of

schemata (Bowen 2006; Boshuizen & Schmidt 1992); for

example, the illness script for a major depressive episode

organizes the various symptoms and signs into one construct.

This reduces the number of individual information elements

from nine or more (symptoms and signs) to one schema or

chunk and helps the learner differentiate a major depressive

episode from similar illnesses such as dysthymia. Thus,

schemata organize knowledge in LTM and substantially

reduce WM load because even a highly complex schema

can be retrieved and processed as one information element in

WM.

The analogy of a computer illustrates this concept. The

computer’s hard drive or its cloud-based server functions as

LTM—it can store vast amounts of information. The amount of

information that a computer can process at any given time is,

however, determined by its random access memory—like WM

in human memory. A computer’s random access memory has

much less capacity than its hard drive. If a computer was

designed to mimic human memory, the computer’s random

access memory (WM) would be limited such that only seven

documents could be open at once. When you opened an

eighth document, one of the seven previously open docu-

mentswould close. Each document stored on the hard drive or

in the ‘‘cloud’’ is a schema—the quality and quantity of the

information contained within each document varies. Some

documents contain a large amount of information in a highly

organized and precise format while others contain little

information or information that lacks structure.

Figure 2 illustrates how WM manages three elements of

information simultaneously while working to combine them

into one chunk of information (bounded by the red circle),

which is a schema or, in the setting of medical education, a

special type of schema called an illness script. Meanwhile, the

figure makes clear that two separate elements in LTM have

been activated to link to the new piece of information. Each of

these two has been composed in the past of several separate

elements of information and stored in LTM.

Implications for expertise

Expertise does not come from a superior ability to analyze

multiple pieces of novel information, from general problem-

solving skills or from better WM. Rather, expertise is an
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Atkinson & Shiffrin 1968 

Young et al. Medical Teacher. 2014

Working memory is the bottleneck for learning and retrieval 



We work in a world that can overwhelm 
working memory 



Young et al. Medical Teacher. 2014

Experts “chunk” information into schemas to avoid overwhelming working 
memory



How can we help novices?

 Cognitive Load Theory

 Cognitive load – working memory demands imposed by 

performing a task

 3 subcomponents of cognitive load 

- Intrinsic, extraneous, germane

 Main principle: avoid overwhelming working memory by 

addressing 3 subcomponents of cognitive load 
Sweller, van Merrienboer & Paas. Educational Psych Review. 1998 

Young et al. Medical Teacher. 2014



Cognitive Load Theory 

 Intrinsic load – cognitive demands 

required to complete a task

van Merrienboer & Sweller. Medical Education. 2010

Sweller, van Merrienboer & Paas. Educational Psychology 2019



Cognitive Load Theory 

 Intrinsic load – cognitive demands 

required to complete a task

 Extraneous load- cognitive load not 

essential to task completion

van Merrienboer & Sweller. Medical Education. 2010

Sweller, van Merrienboer & Paas. Educational Psychology 2019



Cognitive Load Theory 

 Intrinsic load – cognitive demands 

required to complete a task

 Extraneous load- cognitive load not 

essential to task completion

 Germane load- processing to retain new 

information/create or modify schemas
van Merrienboer & Sweller. Medical Education. 2010

Sweller, van Merrienboer & Paas. Educational Psychology 2019



Cognitive Load Theory 

van Merrienboer & Sweller. Medical Education. 2010

Sweller, van Merrienboer & Paas. Educational Psychology 2019

 Intrinsic load – cognitive demands required 

to complete a task

 Extraneous load- aspects not relevant to 

task completion 

 +/- Germane load- processing to retain 

new information/create or modify schemas



Avoid overwhelming working memory 

Working memory overloaded

Learning is impaired

Young et al. Medical Teacher. 2014



Avoid overwhelming working memory 

instructional techniques can inadvertently impose extraneous

load by, for example, providing insufficient guidance and

thereby forcing learners to employ weak problem-solving

methods such as trial and error or to search for information

needed to complete the task. Similarly, when information

necessary for learning is distributed in space (e.g. requiring

multiple textbooks or with the physical separation of the

written text from the accompanying pictures) or time (e.g.

across different lectures), scarce WM resources are used to

search for the information and bring it together. A teacher

provides visual overload when he shows full text slides but

allows too little time for the learners to read them; if, in

addition, he gives simultaneous verbal information that does

not align with the (visual) slides, distracting (extraneous)

cognitive load is introduced that will impair both channels of

information. Extraneous load arises when information that is

too much for either the visual or auditory channel alone is

presented via one modality (e.g. only visual or auditory) rather

than being distributed appropriately between two (e.g. visual

diagram and auditory (spoken words) or when the informa-

tion in both channels does not align. Finally, distractions not

related to the task (e.g. the intern’s pager beeping during a

lumbar puncture or a colleague interrupting during a hand-

over) impose extraneous load.

Importantly, intrinsic and extraneous load are additive.

Extraneous load interferes with learning if the intrinsic load for

the task is high for that particular learner. If the task-associated

intrinsic load is low, then the extraneous load may not harm

learning as long as the total load remains within the learner’s

WM limitations (Carlson et al. 2003).

Germ ane cognitive load

Germane load refers to the load imposed by the mental

processes necessary for learning (such as schemata formation

and automation) to occur. There is some debate as to whether

germane load constitutes its own category or is best under-

stood as a constituent of intrinsic load. We conceptualize

germane load as representing the effort associated with

learning that is separate and in addition to the effort associated

with holding the relevant interacting elements in WM, i.e. the

intrinsic load of performing the task. Put simply, germane load

can be viewed as the learner’s level of concentration devoted

to learning (asopposed to performing the task). Germane load

is regulated by the individual. When the extraneous and/or

intrinsic load are too high and approach or exceed the

learner’s WM limits, there will be insufficient WM resources

available for the germane load necessary for learning (e.g.

combining the new information elements with already existing

schemata in LTM).

Figure 3 shows how a novice and advanced trainee will

experience the same task differently with respect to cognitive

load. In all three scenarios, extraneous load is the same. For

the novice (Figure 3A), the task is complex and requires more

effort merely to execute. The intrinsic load caused by the task

is high for this learner, who’s WM will become easily

overwhelmed, leaving no WM resources for learning (ger-

mane load) and, in this case, insufficient WM for the task itself.

Figure 3(B) illustrates the principal difference between

the novice and advanced trainee. Because of the advanced

trainee capacity to retrieve already developed schemata

from LTM, performing the task is not complex and requires

little concentration. It imposes much less intrinsic load.

Clearly, there is no intention to learn. This happens when

intermediates do not show deliberate practice or intention to

further improve their ability, but just act routinely.

Theoretically, however, there is unused WM space that

can be allocated to learning (germane load) as is shown in

Figure 3(C).

Measuring cognitive load

As a result of organizing knowledge elements into a cognitive

schema which can then be treated as one element in WM, an

identical task may surpass the WM capacity in one learner but

not in a more skilled other learner. It is therefore important to

account for the interaction between the cognitive load

imposed by a given task and the learner’s level of competence

and the quality of her schemata at that time. The concept of

‘‘mental effort’’ does this by representing the proportion of a

learner’s WM capacity that is allocated to a given task. Mental

effort varies directly with cognitive load and inversely with

freely available cognitive capacity. A number of measurement

techniques have been tested, including learner self-rating of

effort (during the task) or difficulty (after the task), response

time to a secondary task presented during the task, perform-

ance (e.g. number of errors per task) and psychophysiological

measures (e.g. heart rate variability or electrical skin conduct-

ance; van Merriënboer & Sweller 2005; DeLeeuw & Mayer

2008). Learner self-rating has been the most commonly used

strategy because it is inexpensive and has established validity

(Paas et al. 2003). Moreover, self-rating instruments have

recently been developed that aim to measure not only overall

cognitive load but also intrinsic (e.g. rate the complexity of the

topic covered in the activity), extraneous (e.g. rate the clarity

of the instruction for the activity) and germane (e.g. rate how

much the activity enhanced your understanding of the topic)

load separately (DeLeeuw & Mayer 2008; Leppink et al. 2013).

CLT researchers have also developed measures of the quality

Intrinsic

Intrinsic

Extraneous

Extraneous

(A) Cognitive load of an early learner performing the task

(C) Cognitive load of an advanced learner performing the

task and learning

IntrinsicExtraneous

(B) Cognitive load of an advanced learner performing the

task with no intention to learn

Germane

Figure 3. The composition of cognitive load in early and

advanced learners performing a similar task.
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Avoid overwhelming working memory 

instructional techniques can inadvertently impose extraneous

load by, for example, providing insufficient guidance and

thereby forcing learners to employ weak problem-solving

methods such as trial and error or to search for information

needed to complete the task. Similarly, when information

necessary for learning is distributed in space (e.g. requiring

multiple textbooks or with the physical separation of the

written text from the accompanying pictures) or time (e.g.

across different lectures), scarce WM resources are used to

search for the information and bring it together. A teacher

provides visual overload when he shows full text slides but

allows too little time for the learners to read them; if, in

addition, he gives simultaneous verbal information that does

not align with the (visual) slides, distracting (extraneous)

cognitive load is introduced that will impair both channels of

information. Extraneous load arises when information that is

too much for either the visual or auditory channel alone is

presented via one modality (e.g. only visual or auditory) rather

than being distributed appropriately between two (e.g. visual

diagram and auditory (spoken words) or when the informa-

tion in both channels does not align. Finally, distractions not

related to the task (e.g. the intern’s pager beeping during a

lumbar puncture or a colleague interrupting during a hand-

over) impose extraneous load.

Importantly, intrinsic and extraneous load are additive.

Extraneous load interferes with learning if the intrinsic load for

the task is high for that particular learner. If the task-associated

intrinsic load is low, then the extraneous load may not harm

learning as long as the total load remains within the learner’s

WM limitations (Carlson et al. 2003).

Germ ane cognitive load

Germane load refers to the load imposed by the mental

processes necessary for learning (such as schemata formation

and automation) to occur. There is some debate as to whether

germane load constitutes its own category or is best under-

stood as a constituent of intrinsic load. We conceptualize

germane load as representing the effort associated with

learning that is separate and in addition to the effort associated

with holding the relevant interacting elements in WM, i.e. the

intrinsic load of performing the task. Put simply, germane load

can be viewed as the learner’s level of concentration devoted

to learning (as opposed to performing the task). Germane load

is regulated by the individual. When the extraneous and/or

intrinsic load are too high and approach or exceed the

learner’s WM limits, there will be insufficient WM resources

available for the germane load necessary for learning (e.g.

combining the new information elements with already existing

schemata in LTM).

Figure 3 shows how a novice and advanced trainee will

experience the same task differently with respect to cognitive

load. In all three scenarios, extraneous load is the same. For

the novice (Figure 3A), the task is complex and requires more

effort merely to execute. The intrinsic load caused by the task

is high for this learner, who’s WM will become easily

overwhelmed, leaving no WM resources for learning (ger-

mane load) and, in this case, insufficient WM for the task itself.

Figure 3(B) illustrates the principal difference between

the novice and advanced trainee. Because of the advanced

trainee capacity to retrieve already developed schemata

from LTM, performing the task is not complex and requires

little concentration. It imposes much less intrinsic load.

Clearly, there is no intention to learn. This happens when

intermediates do not show deliberate practice or intention to

further improve their ability, but just act routinely.

Theoretically, however, there is unused WM space that

can be allocated to learning (germane load) as is shown in

Figure 3(C).

Measuring cognitive load

As a result of organizing knowledge elements into a cognitive

schema which can then be treated as one element in WM, an

identical task may surpass the WM capacity in one learner but

not in a more skilled other learner. It is therefore important to

account for the interaction between the cognitive load

imposed by a given task and the learner’s level of competence

and the quality of her schemata at that time. The concept of

‘‘mental effort’’ does this by representing the proportion of a

learner’s WM capacity that is allocated to a given task. Mental

effort varies directly with cognitive load and inversely with

freely available cognitive capacity. A number of measurement

techniques have been tested, including learner self-rating of

effort (during the task) or difficulty (after the task), response

time to a secondary task presented during the task, perform-

ance (e.g. number of errors per task) and psychophysiological

measures (e.g. heart rate variability or electrical skin conduct-

ance; van Merriënboer & Sweller 2005; DeLeeuw & Mayer

2008). Learner self-rating has been the most commonly used

strategy because it is inexpensive and has established validity

(Paas et al. 2003). Moreover, self-rating instruments have

recently been developed that aim to measure not only overall

cognitive load but also intrinsic (e.g. rate the complexity of the

topic covered in the activity), extraneous (e.g. rate the clarity

of the instruction for the activity) and germane (e.g. rate how

much the activity enhanced your understanding of the topic)

load separately (DeLeeuw & Mayer 2008; Leppink et al. 2013).

CLT researchers have also developed measures of the quality

Intrinsic

Intrinsic

Extraneous

Extraneous

(A) Cognitive load of an early learner performing the task

(C) Cognitive load of an advanced learner performing the

task and learning

IntrinsicExtraneous

(B) Cognitive load of an advanced learner performing the

task with no intention to learn

Germane

Figure 3. The composition of cognitive load in early and

advanced learners performing a similar task.
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Manage                Minimize               Optimize
Intrinsic load Extraneous load Germane load

Optimizing instructional design

van Merrienboer & Sweller. Medical Education. 2010

Sweller, van Merrienboer & Paas. Educational Psychology 2019



Outline 

 Background

 Cognitive Load Theory in workplace environments

 Our study 

 Broader perspectives



van Schaik et al. Academic Medicine. 2019

Workplaces are complex



Tension between clinical needs of  patients and educational 
needs of  learners



Teachers need to balance clinical needs of  patients and 
educational needs of  learners with their own productivity



Applying cognitive load theory to workplace learning



Cognitive Load Theory in the Workplace Learning Environment



Cognitive Load Theory in the Workplace Learning Environment

Extraneous LoadIntrinsic Load Germane Processing

Task complexity

Steps of task

Crucial decisions

Learner fatigue 

How information is 

displayed, interpreted, or 

manipulated

Checklists to standardize 

task

Physical environment

Time pressure

Mixed vs. block practice

Teaching approaches

Sewell et al. Medical Teacher. 2019



Cognitive Load Theory in the Workplace Learning Environment

Predominantly reductionist quantitative studies

Few in authentic workplaces 





Outline 

 Background

 Cognitive Load Theory in Workplace Environments

 Our study 

 Broader perspectives



Research Aim

Explore the trainee perspective on the factors of the 

workplace learning environment that contribute to intrinsic, 

extraneous and germane cognitive load



Ideal Model

 Complex skill

 Predominantly learned in workplace environment 



Model – interpretation of  transthoracic echocardiograms



Model – interpretation of  transthoracic echocardiograms



Sample echo report 

Complex skill 



Predominantly learned in the workplace environment



Methodology

 Qualitative approach- template analysis

 Purposeful sample of 10 cardiology and echo fellows

 Semi-structured interviews

 Transcripts coded by 2 independent reviewers



Typical workflow

 Step 1: Select echo 

 Step 2: Interpret echo

 Step 3: Generate report

 Step 4: Teaching and feedback 



Step 1: Select an echo to interpret 

Novices= studies 

likely to be normal

More senior 

trainees= complex 

interpretive skills 



Step 1: Select an echo to interpret 

“I make things efficient for 

the lab.

My reading to learning 

ratio is not set up optimally 

for my learning.

Right now, it's more like 

try to just get as many 

echoes read" (PGY 6-b)



Step 1: Select an echo to interpret 

Managing intrinsic load: 

Match task to learner 

level 

Scaffolding from simple to 

complex

Extraneous load:

Time to select appropriate 

echo 



Typical workflow

 Step 1: Select echo 

 Step 2: Interpret echo

 Step 3: Generate report

 Step 4: Teaching and feedback 



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity 

There’s people to ask for help…I could ask 

someone for help immediately…” (PGY 4-a)



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity

“A couple times your halfway through an echo… then 

you get distracted with someone else coming in or a 

phone call….you may overlook that aspect that you 

had suspicion on. (AEF-b)



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity

I didn’t know what the cut-offs were for LVH, or 

how you measure LVH… I had no instruction to 

get me started. (PGY 4-c)



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity

“…if every valve is down, then it can 

become a very cumbersome study.” 

(PGY 4-b) 



Step 2: Interpreting the echo

Proximity to 
help 

Interruptions

Lack of worked 
examples/just-
in-time info

Complexity

Minimizing extraneous load:

Interruptions

Lack of worked examples 

Managing intrinsic load:

Matching complexity to learner 

level

Promoting germane load:

Near peer expertise



Typical workflow

 Step 1: Select echo 

 Step 2: Interpret echo

 Step 3: Generate report

 Step 4: Teaching and feedback 



Generating a Report

Interruptions

Using the 
template

Reporting 
Software

“You’re unfamiliar 

with the software and 

then you’re 

completely unfamiliar 

with what you’re 

looking at” 

(PGY 6-c)  



Generating a Report

Interruptions

Using the 
template

Reporting 
Software

“Its not built in a way 

that’s conducive, or in 

a logical way to read 

an echo… Wall motion 

is early on [in the report 

template] and you can 

only assess wall motion 

after integrating almost 

all the views from the 

entire echocardiogram.” 

(PGY 4-b)



Generating a Report

Interruptions

Using the 
template

Reporting 
Software

Sources of extraneous 

load:

Reporting Software

Interruptions



Typical workflow

 Step 1: Select echo 

 Step 2: Interpret echo

 Step 3: Generate report

 Step 4: Teaching and feedback 
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Read with attending

Ask questions

Obtain feedback 
independent of 

attending



“… the attendings get to talk about their 

thought process… it offers that opportunity 

of how they organize their thinking of 

why they think this… and I think that’s 

really the best part about the rotation is 

that one-on-one sitting with the attending 

going over [studies]. (PGY 4, P5) 

“When they don’t agree with you, its good 

to tell you why they don’t agree with you. 

And to go over the reason behind it on 

different images…to give you a better 

understanding of where you can 

improve your skills” (AEF-b)
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Read with attending

Ask questions

Obtain feedback 
independent of 

attending



"Its on the onus of the learner to bring 

uncertainties of their read to the 

attending and then ask targeted questions 

like "how would you do this calculation?" or 

"how do you PISA in this case?" (PGY 4-b)
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Read with attending

Ask questions

Obtain feedback 
independent of 

attending



“ I had this list… and I try and remember 

patients that I haven’t gone over yet with 

an attending. I just look back at the formal 

read.” (PGY 4-c). 

T
e
a
c
h
in

g
 a

n
d
 f

e
e
d
b
a
c
k

Read with attending

Ask questions

Obtain feedback 
independent of 

attending
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Read with attending

Ask questions

Obtain feedback 
independent of 

attending

Germane processing



“I think [the attendings] are torn between service and teaching and they 

can teach more if they have less service to do… They don’t want to be 

there until ten o’clock reading echos … (PGY 5-b) 



“There will be cases that you just know are going to take more time and may 

not necessarily be more learning. I don’t think I’m going to learn much from 

doing an aortic stenosis case, but I know its going to take a long time Do I 

want to spend 30 minutes to an hour on a single echo?” (PGY 6-c)



Summary: Sources of  cognitive load in the workplace

Extraneous LoadIntrinsic Load Germane Processing

Mismatch between 

learner level and task 

complexity

Number of elements 

for a novice 



Summary: Sources of  cognitive load in the workplace

Extraneous Load
Intrinsic Load Germane ProcessingTrainee-led selection of tasks

Lack of worked examples/

just-in-time information

Interruptions

Reporting Software

Time pressure 



Summary: Sources of  cognitive load in the workplace

Extraneous LoadIntrinsic Load

Germane 

Processing

Reviewing with attendings 

Asking directed questions

Maximizing near peer expertise

Checking final reports 



Summary: Sources of  cognitive load in the workplace

Extraneous LoadIntrinsic Load Germane Processing

TIME PRESSURES



Limitations

 Focus on a single workplace environment

 Focus on trainee perspective

 Focus on cognitive task



Findings can guide strategies to 
optimize cognitive load in the 
workplace



Managing intrinsic load: matching the task to the learner

Chen et al. Medical Teacher 2015



Managing intrinsic load: Part vs whole task for cognitive tasks



Promoting germane load  

 Promote effective teaching behaviours

 Encourage near peer learning

 Advise trainees to check final reports

 Encourage trainees and attendings to share physical 

environment



Minimizing extraneous load 

 Decrease impact of interruptions 

- Decrease frequency 

- Designate one trainee to handle all phone calls/requests (Lee et al. Acad Radiology 2017)



Minimizing extraneous load 

 Decrease impact of interruptions 

- Decrease frequency 

- Designate one trainee to handle all phone calls/requests (Lee et al. Acad Radiology 2017)

 Provide worked examples and just-in-time information 

 Improve software and orientation to software 





Outline 

 Background

 Cognitive Load Theory in Workplace Environments

 Our study 

 Broader perspectives



Studying Cognitive Load Theory in 
the workplace



Studying cognitive load in the workplace

Paas

scale

Leppink

scale

Portable Eye 

tracker

Psychometric 

scales



Advancing Cognitive Load 
Theory in the workplace



Intrinsic vs extraneous load  
 Depends on how task is defined

 If task=reading an echo, then time pressure could be 

extraneous… 

- and should be reduced

 If task=reading an echo in a workplace, then time pressure 

would be intrinsic… 

- and should be managed



Should extraneous load always be minimized in the workplace?

 Some interruptions have educational value 

 Fully trained physicians need to be able to function in the 

workplace environment 



Should extraneous load always be minimized in the workplace?

 Some interruptions have educational value 

 Fully trained physicians need to be able to function in the 

workplace environment 

 Should we shift from minimizing to managing extraneous 

load?

- Scaffolding from less to more extraneous load incorporated into 

the task as trainees progress

Young et al, BMJ Qual Saf.  2016



de Bruin & van Merrienboer. Learning and Instruction. 2017

Relationship with other theories 

Self 
regulated 
learning

Professional 
identity 

formation

Cognitive 
Load 

Theory

Self 
determination 

theory



Summary 

 Workplace factors contributing to cognitive load:

- Intrinsic: matching task to learning level

- Extraneous: interruptions, lack of worked examples, software, 

trainee-led curriculum, time pressures

- Germane: reading with attendings, asking questions, near peers, 

checking reports



Summary 

 Workplace factors contributing to cognitive load:

- Intrinsic: matching task to learning level, TIME PRESSURES

- Extraneous: interruptions, lack of worked examples, software, 

trainee-led curricula, TIME PRESSURES

- Germane: reading with attendings, asking questions, near peers, 

checking reports, TIME PRESSURES



Summary:  Strategies to optimize cognitive load in the workplace

 Advise trainees on 

number and extent of 

tasks to complete

 Advise how to select 

tasks

Extraneous LoadIntrinsic Load Germane Processing
 Non-interpretative 

trainee

 Minimize interruptions

 Optimize reporting 

software

 Provide just in time 

information/worked 

examples

 Encourage effective 

teaching behaviours

 Encourage near peer 

teaching

 Advise trainees to 

develop strategies for 

feedback 

 Encourage shared 

physical space
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Challenges Managing Intrinsic Load

 Matching task complexity with learner knowledge/skill

 Learner fatigue

Sewell et al. Medical Teacher. 2019


