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Abstract

Background: Paramedics are expected to record electrocardiograms (ECGs) as part

of their clinical assessment; however, it is an extremely difficult skill to learn and

understand as it has a high intrinsic cognitive load which can also be challenging to

teach effectively.

Aims: This article will explore the use of cognitive load theory to assist in the teach-

ing of ECG interpretation within the context of paramedical education.

Description: Cognitive load theory can be useful to aid teaching within complex

medical and health science domains including clinical skills teaching.

Conclusions: The application of cognitive load theory to the teaching of ECG inter-

pretation can be useful as it allows for the development of understanding, building

schemata linking information currently being learned to knowledge already gained

within the long-term memory, which can maximise germane load by the appropriate

selection of intrinsic load, minimising extraneous load therefore not overloading the

working memory.

1 | INTRODUCTION

An essential part of pre-hospital emergency care and a paramedic’s

duties is having the ability to understand and interpret electrocar-

diograms (ECGs).1 Paramedics are expected to routinely record

ECGs as part of their clinical assessment for medical emergencies

such as recognition and diagnosis of a myocardial infarction (MI), so

the importance of being able to confidently read and interpret an

ECG accurately is essential to paramedic practice.2 However, ECG

interpretation is an extremely difficult skill to learn and understand

with a high intrinsic cognitive load.3 Any methods to assist teaching

this difficult subject with a high intrinsic load can be extremely

useful.

ECG interpretation is an
extremely difficult skill to
learn and understand with a
high intrinsic cognitive load.

Clinical educators have used cognitive load theory for many years

as it realises the demands on the limited capacity of the working

memory in dealing with new information especially in complex

domains such as health science and medical education.4 When the
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working memory is overloaded, learning becomes impaired.5 To pre-

vent this, cognitive load theory adopts methods to reduce extraneous

cognitive load (irrelevant, distracting information) therefore maximis-

ing germane cognitive load (learning that occurs), which can enhance

and improve learning.6 This article will explore the use of cognitive

load theory to assist in the teaching of ECG interpretation within the

context of paramedical education, offering tips on how this can be

successfully integrated.

When the working memory is
overloaded, learning becomes
impaired.

2 | AWARENESS OF DIFFERENT TYPES OF
COGNITIVE LOAD

The three types of memory that a human being has in order to pro-

cess information are short-term, long-term and working memory.7

Working memory sits in between short- and long-term memory and

can only hold between five to nine pieces of information at any one

time.4 Cognitive load theory concentrates on the working memory

defining the different types of cognitive load, which all take up band-

width within this area.6 These are named intrinsic, germane and extra-

neous loads.8

The three types of memory
that a human being has in
order to process information
are short-term, long-term
and working memory.

3 | INTRINSIC AND GERMANE LOADS

The intrinsic load focuses on the difficulty of the task at hand which is

particularly pertinent to ECG understanding as this subject area is dif-

ficult to learn therefore has a high intrinsic load.3 The germane load is

the actual learning that takes place from dealing with and processing

the intrinsic load by allowing it to be stored in the long-term memory

so it can be accessed as and when it is required.9 This can be achieved

by constructing schemas that connect to knowledge already gained

that has been stored in the long-term memory from previous learning

such as adding to previously learnt physiology of the heart adding in

the electrical activity recorded on an ECG.4

4 | EXTRANEOUS LOAD

Extraneous load comprises details that are distracting which take up

storage in the limited working memory which do not play any part in

the students learning, such as distracting slides on a PowerPoint slide-

show that include irrelevant pictures.10 Cognitive load theory encour-

ages us to focus on minimising extraneous load, correctly

corresponding intrinsic load to the required learning task therefore

maximising the germane load.5

5 | REDUCING THE INTRINSIC LOAD

Simple tasks without multiple elements are not likely to cause a high

intrinsic load; however, tasks with multiple elements and consider-

ations have a significantly high intrinsic load such as ECG understand-

ing and interpretation.5 There are a couple of ways to reduce the

intrinsic load on the learner such as adopting the segmenting and pre-

training effects.10

6 | SEGMENTING EFFECT

The segmenting effect involves breaking down the information into

manageable chunks so not to overload the working memory, practic-

ing multiple times before moving onto the next subject.4 This allows

the information to be stored in the long-term memory thus freeing up

space within the working memory to absorb and process the next

required piece of information or task.10 This also allows schemas to

be built linking information previously learnt stored within the long-

term memory with new information currently being processed within

the working memory.11 This significantly reduces the intrinsic load

preventing the learner becoming overloaded.12 An example of this

within ECG interpretation, can be first understanding the physiology

of the heart including the electrical activity and how this relates to the

ECG tracing.13 This could then be built on by linking the waves seen

on an ECG to the areas of the heart such as ‘P’ waves represent atrial

depolarisation, the ‘QRS’ represents ventricular depolarisation with

the ‘T’ wave showing ventricular repolarisation.13 By constructing

these schemas building on information learnt, layering the content

and understanding, relating it directly to what is occurring within the

heart is of real benefit to understanding ECGs. This process allows

the learner to understand if there is an abnormality as they are able to

pinpoint it to a specific area of the heart or electrical pathway as they

have a clear understanding of the normal physiology of the heart and

how it is represented on a ECG. With this progression in mind the pre-

training effect further assists with this process.
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Layering the content and
understanding, relating it
directly to what is occurring
within the heart is of real
benefit to
understanding ECGs.

7 | PRETRAINING EFFECT

The pretraining effect allows the learner to concentrate on the knowl-

edge of the required task before putting it into practice in a clinical envi-

ronment, as when the learner is in a mock clinical environment there are

distracting details which are relevant but can cause cognitive overload

with the high intrinsic load, which can be overwhelming.11 An example of

this would be a practical mock scenario with an actor taking the part of a

patient. The student is required to establish a history of presenting com-

plaint and past medical history while also taking and recording observa-

tions such as respiratory rate, heart rate, blood pressure and an ECG.

They then must interpret the findings within the context of the scenario,

coming up with differential diagnoses, giving details of treatment plans.

These extra details within this mock scenario are still essential but need

to be built onto but only once the knowledge of ECG interpretation has

been cemented in the long-term memory.6 This ensures that the working

memory is free to process the additional tasks such as taking an accurate

patient history within the challenging, changing environment of para-

medic practice, applying this knowledge including the observations using

the ECG recording to assist with the differential diagnoses by looking

for relevant changes within the ECG recording, for example, ‘ST’ eleva-
tion with reciprocal depression for cardiac chest pain (indicating an MI)

or an ‘S1, Q3, T3’ pattern with pleuritic chest pain (indicating a possible

pulmonary embolism).13 This pretraining effect shows the importance

of firstly being able to understand and interpret ECG recordings as an

individual skill, before incorporating them with other elements of para-

medic practice such as history taking and other clinical observations.

The pretraining effect allows
the learner to concentrate on
the knowledge of the
required task before putting
it into practice in a clinical
environment.

8 | MAXIMISE GERMANE LOAD

Germane cognitive load was first added to the cognitive load frame-

work in the 1990s as cognitive load that links to learning.14 Recent

papers suggest that as germane load closely aligns with intrinsic load,

it should be included within this and now only feature two categories

of cognitive load: intrinsic and extraneous.9 Challenge this view as

they state that germane cognitive load directly contributes to learning

as it results from engagement in learning, which is beneficial for effi-

cient and effective learning.6 With this in mind, germane load is rele-

vant to clinical education as this is the measure of learning from the

correct management of the intrinsic load. In order to maximise ger-

mane load intrinsic load first needs to be appropriate so that tasks and

topics learnt can be linked to the long-term memory by schemata of

already learned information eventually allowing it to move perma-

nently into long-term memory from the working memory.11 So ger-

mane load with regard the understanding of ECGs is the measure of

how well this task was learnt and applied by the learner following the

use of the segmenting and pretraining effects within intrinsic load.9

This can be assessed by formative or summative objective structured

clinical examinations, applying ECG analysis to a clinical context once

the students are comfortable with the understanding and interpreta-

tion of ECGs.15 This allows learners to apply their knowledge within

their long-term memory, contextualising their understanding of ECGs

within a clinical case history, including a diagnosis and treatment of a

condition relevant to paramedic practice such as an MI.

9 | MINIMISE EXTRANEOUS LOAD/
SEDUCTIVE DETAILS

Extraneous load within paramedic education can be difficult to manage

as the teaching space has to be flexible, functioning as both a lecture

theatre and a practical space where important clinical skills can be

learned and practiced in a safe environment such as intravenous cannu-

lation and endotracheal intubation. This poses a problem as there are

several extraneous and seductive details distracting the learner from

the task at hand, taking up valuable space within the working memory.

The working memory can only cope with holding between five to nine

pieces of information, only being able to process two to four pieces of

these at any one time.4 With this limited capacity of the working mem-

ory, it cannot afford to be occupied with other distracting, irrelevant

information such as PowerPoint slides containing immaterial animations

or equipment not relevant to the teaching of ECGs present around the

lecture room.6 For other non-practical lectures, including those on ECG

interpretation which contain high levels of intrinsic load, the lecture

room can be cleared of all distracting equipment placing them in cup-

boards beneath the worktops around the walls of the lecture room.

Even though this is not ideal it does take away the level of distraction

that this equipment poses for the students allowing them to solely

focus on the topic at hand.16 The slides to these lectures should be on

a plain background, only contain relevant information with just enough

information for the students to absorb with no distracting details.17,18
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Working memory can only
cope with holding between
five to nine pieces of
information.

10 | USE OF WORKED EXAMPLES

The use of worked examples within teaching has been proven to be

useful in reducing the amount of cognitive load placed on the learner.4

This can be achieved by breaking down the task, building it up as the

learner becomes more confident with the subject matter, for example,

allow students to critique parts of a treatment plan rather than write a

de novo treatment plan themselves.6 However, there appears to be

less research to suggest its effectiveness within the teaching of diag-

nostic testing such as ECGs.19

Using worked examples has shown to reduce extraneous load

as it demonstrates the logic regarding solving the problem.8 This

can be achieved by giving the students an example of a clinical case

including the patient’s presenting complaint and medical history

also including an ECG recording to interpret within the clinical case

content. Worked examples in this context can be extremely effec-

tive as they focus on contextualising and applying the students

learning and understanding of ECGs within a clinical context discus-

sion.20 Agree that worked examples are an extremely effective way

of reducing cognitive load on students working memory, with stu-

dents becoming more knowledgeable by having studied worked

examples.6

Using worked examples has
shown to reduce extraneous
load as it demonstrates the
logic regarding solving
the problem.

Building in completion tasks along with worked examples can also

useful as these are tasks broken up into smaller more digestible pieces

of information reducing the amount of extraneous load, by giving the

student a partial solution to the problem, which reduces the size of

the space taken in the working memory by the problem.4 This comple-

tion principle can be achieved within the teaching of ECGs by using a

similar clinical scenario to the worked example but giving the student

a choice between four different answers for example.

11 | THE USE OF CONCRETE EXAMPLES

Concrete examples differ from worked examples as they focus on

solid exemplars, which can help students understand and digest dif-

ficult or complicated ideas. These can be useful when trying to allow

students to grasp and remember abstract ideas, as students are able

to remember concrete examples better than the abstract ideas.21 An

example of this related to ECG interpretation is the analogy of

‘walking back’ for the interpretation of a second-degree type one

atrioventricular, or Wenckebach, block. This occurs when the dis-

tance between the ‘P’ wave and the ‘QRS’ complex becomes pro-

gressively greater eventually resulting with the ‘P’ wave

disappearing before this cycle repeats itself.13 This way of remem-

bering this difficult concept by imagining the ‘P’ wave walking back

is also similar sounding to Wenckebach which reinforces this con-

crete example further.

Concrete examples differ
from worked examples as
they focus on solid exemplars
which can help students
understand and digest
difficult or complicated ideas.

12 | APPLYING THE SPLIT-ATTENTION
PRINCIPLE

Split attention can occur when students are required to divide their

concentration between two or more sources of information separated

by space or time.10 This divided attention increases extraneous load

substantially as the student must process separate sources of informa-

tion and mentally integrate them together.4 This is particularly perti-

nent to ECG learning as text separated from a diagram of the heart or

of a wave on the ECG can increase the amount of extraneous load

and hinder the students learning. To prevent this from occurring, the

diagrams used within any slides for teaching ECG interpretation

should have text integrated within them. This minimises the amount

of extraneous load for the student, maximising their ability to process

and absorb the information given to them.

4 of 6 THOMAS

 1743498x, 0, D
ow

nloaded from
 https://asm

epublications.onlinelibrary.w
iley.com

/doi/10.1111/tct.13759 by W
elsh A

ssem
bly G

overnm
ent, W

iley O
nline L

ibrary on [18/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Diagrams used within any
slides for teaching ECG
interpretation should have
text integrated within them.

13 | EXPERTISE REVERSAL EFFECT
(REMOVAL OF SCAFFOLDING): NOVICE TO
EXPERT

Students are able to slowly remove the scaffolding, which supports

their learning once they have completed the learning tasks over a

period of time. As they have built on knowledge gained by linking

schemata from the working memory to the long-term memory and are

able to apply and contextualise this knowledge gained of ECG inter-

pretation to clinical paramedic practice they are now ready to have

this supporting structure of their learning slowly removed.4

This transition of learning supported by educators shares the

vision that22 believed in as zones of proximal development, with

the learner being scaffolded between these levels with the scaffolding

only being removed once the learning had been fully absorbed and

retained. This novice to expert journey of a clinician gaining knowl-

edge, continually building on it through their career not just in univer-

sity but as part of lifelong learning and evidence-based education and

practice is shared by.23 This is especially important for ECG interpre-

tation as by the continuation of building on knowledge gained, apply-

ing it to current evidence-based practice guidelines allows for the

maintenance of competency and confidence of this essential para-

medic diagnostic investigation and skill.

By the continuation of
building on knowledge
gained, applying it to current
evidence-based practice
guidelines allows for the
maintenance of competency
and confidence.

14 | CONCLUSION

The application of cognitive load theory to paramedic education, par-

ticularly with the teaching of ECG interpretation, can be extremely

useful. The subject of ECG interpretation is one of the most important

and difficult diagnostic tests to learn, which is also equally as challeng-

ing to teach.24 Cognitive load theory allows the development of

understanding, building schemata linking information currently being

learned to knowledge already gained within the long-term memory.9

These processes within cognitive load theory can maximise germane

load by the appropriate selection of intrinsic load, minimising extrane-

ous load and therefore not overloading the working memory. By

applying worked and concrete examples of ECG interpretation within

the context of paramedic practice this can further expand and contex-

tualise learning without increasing extraneous load.

ECG interpretation is one of
the most important and
difficult diagnostic tests to
learn which is also equally as
challenging to teach.

By continually supporting learning with scaffolding, only removing

it when it is appropriate to, linking learning with evidence-based

healthcare and education practice allows for the learner to

develop a deep understanding of ECG interpretation which can be

applied during their challenging frontline pre-hospital emergency

roles.25–27
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