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Section 3:

Educational strategies and J• J• G. van Merriënboer
technologies

Trends
• Use of integrative objectives and whole-task

approaches

• Diversification of delivery strategies and increased
use of multimedia

• Teaching for transfer of learning to the workplace

Introduction

People learn in many different ways. They learn by

studying examples, by doing and practising, by being

told, by reading books, by exploring, by making and
testing predictions, by being questioned, by teaching
others, by making notes, by solving problems, by finding
analogies, by rehearsing information and by many, many

other activities. Learning is basic to all goal-directed

human activity; people cannot deliberately do something

without learning from it. This is not to say that learning
is always optimal: there are many factors that may either

hamper or facilitate learning. Instructional design is that

branch of knowledge concerned with, on the one hand,
research and theory about instructional strategies that
help people learn and, on the other hand, the process
of developing and implementing those strategies.

Sometimes, the term instructional design (ID) is reserved
for the science of doing research and developing theories
on instructional strategies, and the term instructional

systems design (ISD) is reserved for the practical field

of developing, implementing and evaluating those
strategies. The main aim of this chapter is to briefly
introduce the reader to the field of ISD and ID.

~.~ Instructional design is both a science and a
practical field.

The ADDIE model 
.......................................................................................................

ISD models typically divide the instructional design
process into five phases: (1) analysis, (2) design, (3)

development, (4) implementation and (5) evaluatió
In this so-called ADDIE model (Fig. 21.1), the eval
ation phase is mainly summative, while formati
evaluation maybe conducted during all phases. Though
the model appears to be linear, it does not have to be
followed rigidly. Often, the model is repeatedly used
to develop related units of instruction (iteration), phases
are skipped because particular information is already
available (layers of necessity) or later phases provide
inputs that make it necessary to reconsider earlier phases
(zigzag design). It is thus best seen as a project manage-
ment tool that helps designers think about the different
steps that must be taken. Moreover, the ADDIE model-
does not suggest or follow specific learning theories:
it can be used for all instructional design projects
irrespective of the preferred learning paradigm.

In the first phase of the ADDIE model (Fig. 21.1),
the focus is on the analysis of the desired learning
outcomes and on the analysis of fixed conditions. With
regard to fixed conditions, analyses pertain to the
analysis of the context (avallability of equipment, time
and money, culture, setting such as school, military or
work organization etc.), the analysis of the target group

(prior knowledge, general schooling, age, learning styles,

handicaps etc.), and the analysis of tasks and subject

matter (tools and objects required, conditions for

performance, risks etc.).

~ Optimal instructional strategies are determined by

both desired outcomes and fixed conditions.

In the second phase of tthe ADDIE model, instruc-

tional strategies are selected that best help to reach

the desired outcomes given the fined conditions. A

distinction may be made among organizational strategies

(How is the instruction organized?), delivery strategies

(Which media are used to deliver the instruction?) and

management strategies (How and by whom is the

instruction managed?). The basic idea is that both

desired outcomes and fixed conditions determine the

optunal strategies to select. For example, if the desired

outcome is memorizing the names of skeleton bones,

rehearsal with the use of mnemonics is a suitable

organizational strategy, but if the desired outcome is



Analysis
Analyse desired learning outcomes and fixed conditions

Design
Select instructional strategies

(organizational, delivery, management)

Development
Construct instructional materials

implementation
Implement and use the newly developed instruction

Evaluation
Investigate whether desired outcomes were reached

Fig. 21.1 The ADDIE model.

performing a complex surgical skill, guided practise
with feedback on a wide variety of scenarios is a more
suitable organizational strategy. In addition, if there is
sufficient equipment or money available, the use of
high-fidelity simulation might be a suitable delivery
strategy for teaching a complex surgical skill, but if

there is no equipment or money available, guided

on-the-job learning is more suitable.
The remaining phases of the ADDIE model provide

guidelines for the development, implementation and
evaluation of selected strategies. Development refers
to the actual construction of instructional materials,
such as learning tasks and assignments, instructional

texts, multimedia materials, slides for lectures, guides
for teachers and so forth. Implementation refers to
the introduction of the newly developed instruction
in the seteing in which it will be used and to the actual
use of the instructional materials. Evaluation investigates

whether the desired outcomes were actually reached
and answers questions such as: Did the students achieve
the expected outcomes? What did they learn? How
can the instruction be improved? Each of these phases

represents a whole field of research and development
in itself The remainder of this chapter will focus on
ID models rather than ISD models, thus on the former
two phases.

The universe of ID models 
..........................................................................:..........................

Close to 100 ID models have been described in the lit-
erature and on the Internet (see, e.g. www.instructional
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design.org, http://thingsorganic.tripod.com/
Instructional Design_Models.htm). ID models differ
from each other in several dunensions. One dimension
pertains to the learning paradigm they adhere to, which
may reflect, for example, a behaviourist, cognitive or
social-constructivist perspective. A second dimension,
discussed in the next section, is between models
directed at the level of message design, lesson design
and course and curriculum design. A third dimension
pertains to outcomes-based models and whole-task
models.

ID-models may take a behaviourist, cognitive or__i
social-constructivist perspective.

OUTCOMES-BASED MODALS

Outcomes-based models typically focus on one par-
ticular domain of learning, such as the cognitive domain,
psychomotor domain or affective domain (Anderson
& Krathwohl, 2001), which roughly corresponds with
the. triplet knowledge, skills and attitudes. In one
particular domain of learning, desired outcomes are
analysed in terms of distinct objectives or learning goals,
after which instructional strategies are selected for
reaching each of the separate objectives. Gagné (1985)
introduced a widely used taxonomy in the cognitive
domain. His t~onomy makes a distinction between
verbal information, intellectual skills, cognitive strategies,
attitudes and psychomotor skills. The intellectual skills
are at the heart of the taxonomy and include five
subcategories:

t. Discriminations

2. Concrete concepts

3. Defined concepts

4. Rules

5. Higher-order rules.
This taxonomy reflects the fact that some intellectual

skills enable the performance of other, higher-level
skills. For instance, the ability to apply rules or pro-
cedures is prerequisite to the use of higher-order rules
(i.e. problem solving). If you teach an intellectual skill,
it is important to identify, in a so-called learning
hierarchy, the lower-level skills that enable this skill.
In teaching, one starts with the objectives for the skills
lower in the hierarchy and successively works towards
the objectives for the skills higher in the hierarchy.

Many researchers introduced alternative classifi-
cations of objectives. But a common premise of all
outcomes-based models is that different objectives
can best be reached by the application of particular
instructional strategies (the conditíons of learning;
Gagné, 1985). The optimal strategy is chosen for
each objective; the objectives are usually taught one
by one and the overall educational goal is believed
to be met after all separate objectives have been
taught. For instance, if complex skills or professional

~~
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competences are taught, each objective corresponds
with one enabling or constituent skill, and sequencing
the objectives naturally results in a part-task sequence.
Thus, the learner is taught only one or a very limited
number of constituent skills at the same time. New
constituent skills are gradually added to practice, and it
is not until the end of the instruction - if at all -that
the learner has the opportunity to practise the whole
complex skill.

Outcomes-based instructional design models are
very effective for teaching objectives that have little
to do with each other, that is, require little coordination.
But in the early 1990s, authors in the field of instruc-
tional design started to question the value of outcomes-
basedmodels for reaching ̀integrative' goals or objectives
(e.g. Gagné &Merrill, 1990). For complex skills or
professional competencies, which are dominant in the
medical domain, there are many interactions between
the different aspects of task performance and their
related objectives: with high demands on coordination.
Then, an outcomes-based approach yields instruction
that is frágmented and piecemeal and thus does not
work. Whole-task models provide an alternative because
they pay explicit attention to the coordination of all
task aspects.

Outcomes-based instructional models are very
effective for teaching isolated objectives.

WHOLE TASK MODELS

Whole-task models explicitly aim at integrative goals,
or contplex learning. They take a holistic rather
than atomistic perspective on instructional design
(van Merriënboer,1997). First, complex contents and
tasks are not split over different domains of learning
(e.g. knowledge is taught in lectures, skills are taught
in a skills lab and attitudes are taught in role plays),
but knowledge, skills and attitudes are developed
simultaneously by having the learners work on whole,
integrative tasks. Second, complex contents and tasks
are not reduced into simpler elements up to a level
where the single elements (i.e. isolated objectives) can
be transferred to learners through presentation and/
or practise, but they are taught from simple-to-complex
wholes in such a way that relationships between the
elements are retained. Thus, whole-task models basically
try to deal with comple7city without~losing sight of the
relationships between elements.

Rather than starting from a specification of objec-
tives, instructional design starts with the identification
of a representative set of real-life tasks and an analysis
of the cognitive scheuras that people need in order to
perform those tasks (also called cognitive task analysis
or CTA; Clark et al., 2012). Cognitive scheuras can
be seen as the building blocks of cognition and integrate
knowledge, skills and attitudes. The process of com-
petence development can be described as the

construction and automation of increasingly more
complex cognitive scheuras. Sub processes of schema
construction are inductive learning and elaboration.
Learners if2dx~ce new cognitive scheuras and modify
e~sting ones as a result of their concrete experiences
with a varied set of tasks. They elaborate their cognitive
scheuras by connecting newly presented information
to the things they already know

Whole-task models start with the identification and
analysis of a set of representative real-life tasks.

Sub processes of schema automation are knowledge
compilation and strengthening. Learners compile new
knowledge when they construct cognitive rules that
always yield the same reaction under particular condi-
tions. Repetition helps learners to strengthen these rules;
each time the rule is used and yields desired effects,
the chance it will be used again under similar conditions
is increasing. Whereas schema construction helps
learners to develop non-routine behaviours (problem
solving, reasoning, decision making), schema automation
helps them to develop routine behaviours. Typically, a
mix of non-routine and routine behaviours is necessary
to efficiently perform real-life tasks. From a design
point of view, the specification of increasingly more
complex scheuras helps to define a series of simple to
complex learning tasks. It also helps to identify the
non-routine and routine aspects of performance, so
that learners can be provided with the necessary
information, feedback and assessments on all the
different aspects of whole-task performance.

Complex learning is driven by rich, meaningful
learning tasks such as problems, projects or cases.

Whole-task models thus assume that complex
learning takes place in situations where student learning
is driven by rich, meaningful tasks that are based on
real-life or professional tasks. Such tasks are called
problems (in problem-based learning), cases (in the
case method), projects (in project-based learning), and

so forth. Van Merriënboer and Kirschner (2013)
use the generic term ̀ learning tasks' to refer to all

whole tasks that help learners reach integrative goals.
Merrill (2013) compared a large set of whole-task
models and found that they all shared five `first

principles of instruction', stating that meaningful

learning is promoted when:

1. Learners are engaged in solving real-wórld
problems

2. E7cisting knowledge is activated as a foundation
for new knowledge

3. New knowledge is demonstrated to the learner

4. New knowledge needs to be applied by the
learner

5. New knowledge is integrated into the learner's world.



Examples of ID models
......................................................................................................

This section will discuss three examples of ID models,

at the level of instructional message design, lesson

design, and curriculum and course design. All three

models can be seen as whole-task models.

COGNITIVE LOAD THEORY

Nowadays, the most popular theories for instructional

message désign are Sweller's cognitive load theory

(CL1) (van Merriënboer & Sweller, 2010) and Mayer's

cognitive theory of multimedia learning (Mayer, 2010).

Both theories have much in common; we will focus

our discussion on CLT. The central notion of CLT is

that human cognitive architecture should be a major

consideration when- designing instructional messages.

This cognitive architecture consists of a severely limited

working memory with partly independent processing

units for visual/spatial and auditory/verbal information,

which interacts with a comparatively unlimited long-

term memory. The theory distinguishes between three

types of cognitive load, dependent on the type of

processing causing it, namely:

• Intrinsic load. This is a direct function of

performing the task, in particular, of the

number of elements that must be simultaneously

processed in working memory. For instance,

a task with many constituent skills that must be

coordinated (e.g. dealing with an emergency)

yields a higher intrinsic load than a task with less

constituent skills that need to be coordinated

(e.g. stitching a wound).

• Extraneous load. This is the extra load beyond

the intrinsic cognitive load mainly resulting

from poorly designed instruction. For instance,

if learners must search in their instructional

materials for information needed to perform a

learning task (e.g. searching for the checklist of

how to operate a piece of machinery), this

search process itself does not directly contribute

to leazning and thus causes extraneous cognitive

load.

• GernTane load. This is related to processes that

duectly contribute to learning, in particular, to

schema construction and schema automation. For

instance, consciously connecting new information

with what is already known and self-explaining

new information are processes yielding germane

cognitive load.
Intrinsic, e~ctraneous and germane cognitive load

are additive in that, if learning is to occur, the total

load of the three together cannot exceed the available

working memory capacity. Consequently, well-designed

instructional messages should decrease extraneous

cog~tive load and optimize germane cognitive load in

such a way that available cognitive capacity is not

exceeded, otherwise cognitive overload with negative
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effects on learning will occur. A first set of principles

generated by CLT aims to decrease eactraneous cognitive

load. The goal free principle suggests replacing conven-

tional learning tasks with goal-free tasks that provide

learners with a nonspecific goal (e.g. ask students:

"Please come up with as many illnesses as possible that

could be related to the observed symptoms," rather

than asking them "Which illness is indicated by the

symptoms of this patient?"). Whereas conventional

tasks force learners to identify the means to reach a

specific goal, which causes a high cognitive load, goal-

free tasks allow learners to reason from the givens to

the goal, which causes a much lower cognitive load.

Similar principles are the worked exa~~iple principle,

which suggests replacing conventional tasks with worked

examples that provide a full solution learners must

carefully study (e.g. let students criticize aready-made

treatment plan, rather than having them independently

generate such a plan), and the completio~i principle,

which suggests replacing conventional tasks with

completion tasks that provide a partial solution learners

must finish (e.g. let medical interns closely observe a

surgical operation and only perform part of it, rather

than having them perform the whole operation

independently).

Within the limits of available cognitive capacity,

well-designed instructional messages should

decrease extraneous cognitive load and increase

germane cognitive load.-

Other principles to decrease extraneous cognitive load

are particularly important for the design of multimedia

materials. The split attention principle suggests replacing

multiple sources of information, distributed either in

space (spatial split attention) or in time (temporal split

attention), with one integrated source of information

(e.g. provide students instructions for operating a piece

of medical equipment just in time, precisely when they

need it, rather than providing them the information

beforehand). The modality principle suggests replacing

a written explanatory text and another source of visual

information (unimodal) with a spoken explanatory text

and the visual source of information (multimodel, e.g.

give students spoken explanations when they study a

computer animation of the workings of the digestive

tract, rather than giving them written explanations on

screen). The redundancy principle suggests replacing

multiple sources of information that are self-contained

(i.e. they can be understood on their own) with one

source of information (e.g. when providing learners with

a diagram of the flow of blood in the heart, lungs and

body, eliminate a description verbally describing the flow).

Another set of principles aims to optimize germane

cognitive load. The variability préticiple suggests replac-

ing aseries of tasks with similar features with a series

of tasks that differ from each other on all dimensions

on which tasks differ in the real world (e.g. when

y-
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describing a particular clinical symptom, illustrate it
using patients with different sex, ages, physiques,
medical histories etc.). The contextual interference
principle suggests replacing a series of task variants
with Iow contextual interference with a series with
high contextual interference (e.g. if students practise
different variants of a particular surgical task, order
these variants in a random rather than a blocked order).
The self-explanation principle suggests replacing separate•
worked examples or completion tasks with enriched
ones containing prompts; asking learners to self-explain
the given information (e.g. for students learning to
diagnose malfunctions in the human cardiovascular
system, present an animation of how the heart works
and provide prompts that ask them to self-explain the
underlying mechanisms).

NINE EVENTS OF INSTRUCTION

At the level of lesson design, Gagné's nine events of
instruction (1985) provide general guidelines for the
organization of lessons, which can be applied to a wide
range of objectives or integrative objectives in the case
of complex learning. Table 21.1 summarizes the nine
events and illustrative remarks made by a teacher; they
are roughly sequenced in the order in which they will
typically occur ín a lesson.

The first three events prepare the students for
learning. First, their attention should be gained by
presenting an interesting problem or a topical subject
or asking them questions on a topic of their interest.
This will help to ground the lesson and motivate the
learners. Second, the goals of the instruction should
be made explicit, so that learners know what they will
be able to accomplish after the lesson. A demonstration
might be given so that the students can see how they
can apply the new knowledge. Third, the relevant prior

Table 21.1 Gagné's nine events of instruction

Event Illustration

Gain attention Did you hear about ...?

Inform learner of objectives Today we are going to ...

Stimulate recall of prior
information

Two days ago we learned
how to ...

Present information This ís a demonstration of
how to ...

Provide guidance Now this is a guide for
performing ...

Elicit performance Now you try it yourself

Provide feedback Alright, but you need to ...

Assess performance We will now have a
performance test

Enhance retention and
transfer

Alright, now suppose you
have to do it on the job

knowledge of the learners needs to be activated, bS,
making explicit how the new knowledge is connected
to the things they already know, providing them with
a framework that helps learning and remembering or
having them brainstorm on the topic of the lesson,

The next four events steer the actual learning
process. First, the new knowledge is presented and
examples or demonstrations are provided. Terms, graph-
ics, simulations, figures, pictures and verbal eacplanations
may all help to present the new kxiowledge. Second,
the learners need to practise with the newly presented
knowledge. Performance is elicited so that the learners
do something with the newly acquired knowledge; for
example, they apply new knowledge or practise ne~v
skills. Third, learners should receive guidance that helps
them to be successful in the application of the new
knowledge and skills. Guidance is different from the
presentation of content because it primarily helps
students to learn (e.g. help them to process new
information). Fourth, the learners receive informative
feedback, which helps them to identify weaknesses in
their behaviour and provides hints for improvement.

~.~ The presentation of new information should always
be accompanied by guided practise and feedback.

The final two events mark the end of a lesson. First,
learners' performance should be assessed to check
whether the lesson has been successful and the learners
have acquired the new knowledge and/or skills. Often,
it is worthwhile to give the learners information on
their progress over lessons. Second, explicit attention
should be paid to enhancing retention and transfer of
what has been learned. One might inform the learners
about more or less similar problem situations in which
the acquired knowledge and skills can be applied, let

them review the lesson and come up with new situations
in which the acquired knowledge and/or skills can be
applied or actually let them perform in such transfer
situations.

FOUR-COMPONENT INSTRUCTIONAL

DESIGN (4C/ID)

At the level of course and curriculum design, four-

component instructional design (van Merriënboer &

Kirschner, 2013) is a popular whole-task model aimed

at the training of complex skills and professional

competencies. It provides guidelines for the analysis

of real-life tasks and the transition into a blueprint for

an educational programme. It is typically used for

designing and developing substantial educational

programmes ranging in length from several weeks to

several years.
The basic assumption of 4C/ID is that blueprints

for complex learning can always be described by four

basic components, namely: (1) learning tasks, (2)

supportive information, (3) procedural information
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Learning tasks Part-task practice
Provide authentic whole-task experiences •Provides additional practice for selected
based on real-life tasks routine aspects in arder to reach a very ~'

•Organized in easy-to-difficult task classes high level of automaticity
• Diminishing learning sun each task class •Only starts after the routine aspects have been

introduced in the context of the whole task

C~Z~Z~Z~I~7

•~~~~~~•

~
Procedural information

Supportive information
•Supports the learning and performance

~ Prerequisite to the learning and
performance of routine aspects

of problem solving and reasoning
- of learning tasks

aspects of learning tasks •Specified for each learning task
• Speciíic per task class and always and preferably presented

available to the learners just-in-time, precisely when
students need it

Fig. 21.2 Schematic overview of the four components in 4C/ID.

and (4) part-task practice. The four components are

based on the four learning processes discussed previ-
ously: inductive learning, elaboration, compilation of
rules, and strengthening. Learning tasks provide the

backbone of the training programme; they provide
learning from varied e~cperiences and explicitly aim at

transfer of learning. The three other components are

connected to this backbone (Fig. 21.2).
Learning tasks include problems, case studies,

projects, scenarios and so forth (indicated by the large
circles in the figure). They are authentic whole-task

experiences based on real-life tasks and aim at the

integration of skills, knowledge and attitudes. The whole
set of learning tasks exhibits a high variability of practice

because learning from varied experiences facilitates
transfer of learning (Maggio et al., 2015). The learning
tasks are organized in easy-to-difficult task classes
(indicated by dotted boxes around sets of circles) and
have diminishing learner support and guidance within
each task class (indicated by climinishing filling of the
circles). The basic underlying process for learning from
learning tasks is induction, that is, learning from
concrete experiences.

Supportive information helps students learn to
perform non-routine aspects of learning tasks, which
often involve problem solving, diagnostic reasoning and
decision making (indicated by L-shaped forms connected
to equally difficult learning tasks or task classes). It
explains how a domain is organized (e.g. knowledge
of the human body) and how problems in that domain

are best approached (e.g. a systematic approach to
differential diagnosis). It is specified per task class and
is always available to learners. It provides a bridge
between what learners already know and what they
need to know to work on the learning tasks. The basic
underlying process for learning from supportive informa-
tion is elaboration, that is, learning by connecting the

new information to what is already known.

Supportive information is what teachers typically
call 'the theory:

Procedural information allows students to perform
routine aspects of learning tasks that are always per-
formed in the same way (indicated by the dark beam
with upward pointing arrows to the learning tasks). It
specifies exactly how to perform the routine aspects

of the task (i.e. how-to information) and is best pre-
sented just in time, precisely when learners need it.
This can be done by an instructor, but also by a quick
reference guide, job aid or mobile application. It is
quickly faded as learners gain more expertize. The
basic'underlying process for learning from procedural
information is knowledge compilation, that is, learning

by transforming new information into cognitive rules.
Finally, part-task practice pertains to additional

practice of routine aspects so that learners can develop
a very high level of automaticity for selected aspects

for which this is necessary (indicated by the series of
small circles). It is mostly used for critical task aspects

:;

~:
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Table 21.2 Ten steps to complex learning

Blueprint Ten steps to complex

components learning

Learning tasks 1. Design learning tasks
2. Sequence task classes
3. Set performance objectives

Supportive 4. Design supportive information
information 5. Analyze cognitive strategies

6. Analyze mental models

Procedural 7. Design procedural information
information 8. Analyze cognitive rules

9. Analyze prerequisite knowledge

Part-task practice 10. Design part-task practice

(e.g. CPR, auscultation, stitching). Part-task practice

typically provides huge amounts of repetition and only

starts after the routine aspect has been introduced in

the context of a whole, meaningful learning task. The

basic underlying process for learning from part-task

practice is strengthening, that is, automating routine

skills through repetitive practice.
Van Merriënboer and Kirschner (2013) describe 10

steps that specify the whole design process typically

employed by a designer to produce effective, efficient

and appealing programmes for complex learning

(Table 21.2). The four blueprint components directly

correspond with four design steps: the design of learning

tasks (step 1), the design of supportive information

(step 4), the design of procedural information (step

7), and the design of part-task practice (step 10). Tl~e

other six steps are auxiliary and are only performed

when necessary. Step 2, in which task classes are

sequenced: organizes learning tasks in simple to complex

categories. They ensure that students work on tasks

that begin simply and smoothly increase in complexity.

Step 3, where objectives for the different task aspects

are set: specifies the standards for acceptable perfor-

mance. They are needed to assess student performance

and to provide learners with useful feedback on all

different aspects of whole-task performance. Steps 5,

6, 8 and 9, finally, pertain to in-depth cognitive task

analysis. It should be noted that real-life design projects

are never a straightforward progression from step 1 to

step 10. As in the ADDIE model, new findings and

decisions will often require the designer to reconsider

previous steps, yielding zigzag design approaches.

Summary

Instructional design pertains, on the one hand, to the

science of doing research and developing theories on

instructional strategies, and, on the other hand, to the

practical field of developing, implementing and evaluat-

ingthose strategies. The latter is also called instructional

systems design and is characterized by the ADDIE
model, which describes the process as a progression
through the phases of analysis, design, development,
implementation and evaluation.

Close to 100 instructional design models have been
described in the literature. Outcomes-based models
describe desired learning outcomes in instructional
objectives and then select the best instructional strategy
for each objective. Whole-task models aim at the
development of complex skills or professional compe-
tencies; they describe desired learning outcomes as .
one integrative objective and then select instructional
strategies that help students develop professional
competencies in a process of complex learning by
working on whole, meaningful learning tasks. Three
representative examples of ID models on the level of
instructional message design, lesson design, and course
and curriculum design are, in order, Sweller's cognitive
load theory, Gagné's nine events of instruction, ands
van Merriënboer's 4C/ID model.

In the field of medical education, we see an increased
interest in integrative objectives and the development
of competence-based curricula in order to facilitate
transition from the school to the clinic. In addition,
there is a diversification of delivery "strategies with
increased use of media such as medical simulation,
animation and other e-learning applications. As a result,

instructional design models are becoming more and

more important to the field of medical education. a

ID models are becoming increasingly important
in medical education because of the popularity of
complex learning approaches and e-learning. _
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