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Abstract

This AMEE Guide offers an introduction to research in medical education. It is intended for those who are contemplating

conducting research in medical education but are new to the field. The Guide is structured around the process of transforming

ideas and problems into researchable questions, choosing a research approach that is appropriate to the purpose of the study and

considering the individual researcher’s preferences and the contextual possibilities and constraints. The first section of the Guide

addresses the rationale for research in medical education and some of the challenges posed by the complexity of the field. Next is

a section on how to move from an idea or problem to a research question by placing a concrete idea or problem within a

conceptual, theoretical framework. The following sections are structured around an overview model of approaches to medical

education research, ‘The research compass’. Core to the model is the conceptual, theoretical framework that is the key to any

direction. The compass depicts four main categories of research approaches that can be applied when studying medical education

phenomena, ‘Explorative studies’; ‘Experimental studies’; ‘Observational studies’; and ‘Translational studies’. Future AMEE Guides

in the research series will address these approaches in more detail.

Introduction

This AMEE Guide offers an introduction to research in medical

education. It is intended for those who are contemplating

conducting research in medical education but are new to the

field. This includes those who are generally inexperienced in

research as well as those who have previous research

experience in the biomedical, but not in the medical educa-

tion, domain. It is with those readers in mind that we will draw

some parallels with research in biomedicine, and indicate

where and how research in medical education is similar or

different. In addition to some overall principles, the Guide will

address the current debate about approaches to medical

education research and the study of complex phenomena and

interventions. Hence, the Guide we hope may also be of

interest to those who already have some experience in

research in medical education, and promote future discussion.

The Guide is structured around the process of transforming

ideas and problems into researchable questions, choosing a

research approach that is appropriate to the purpose of the

study and considering the individual researcher’s preferences

and the contextual possibilities and constraints. The first

section of the guide addresses the rationale for doing research

in medical education and some of the challenges posed by the

complexity of the field. Next is a section on how to move from

idea or problem to a research question. This section describes

specifically how to place a concrete idea or problem within a

Practice points

. Research in medical education seeks to deepen the

knowledge and understanding of learning, teaching and

education. It is neither about solving concrete, local

problems nor about providing general, universal

solutions.

. To get from idea, problem or phenomenon of interest to

a research question, it is necessary to have a conceptual,

theoretical framework for the study: Identify underlying

theories of mechanisms and principles of learning,

teaching or education pertaining to the topic and

search the literature for ‘what is already known’ and

‘what needs to be investigated further’.

. Research is about taking small steps, making choices

and sacrifices in order to focus the topic of inquiry and

formulate a general, researchable question.

. There are many research approaches to choose among,

each having its own purpose. Four main categories are:

Explorative studies aiming at modelling; experimental

studies aiming at justifying; observational studies aiming

at predicting; and translational studies aiming at

implementing.

. The choice of research approach depends on the

research question, and often more than one type or

mixed approaches are both feasible and necessary.
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conceptual, theoretical framework. The following sections are

structured around a model that gives an overview of

approaches to medical education research, ‘The research

compass’. Core to the model is the conceptual, theoretical

framework that is the key to any direction. The compass

depicts four main categories of research approaches that can

be applied when studying medical education phenomena,

‘Explorative studies’; ‘Experimental studies’; ‘Observational

studies’; and ‘Translational studies’. Separate sections of this

Guide are devoted to general principles of each of the

elements of the model. The emphasis is on helping the readers

in their search for further information about their topic of

interest.

This introduction Guide is the first in a series of AMEE

Guides covering Research in Medical Education. Subsequent

Guides in the series will address specific research approaches,

designs and methods, while other issues will address the topic

of conceptual, theoretical frameworks as they relate to

research in medical education.

Research in medical education

The altruistic purpose of research in medical education is to

deepen the knowledge and understanding of learning and

education by studying phenomena, relations and how and

why what works for whom. However, one can think of other

incentives to engage in research in medical education. The

researcher may be driven by genuine scholarly interest in

medical education phenomena and/or a wish for getting

published in order to gain promotion, fame or a place in the

community of medical education scholars. Another purpose

could be to justify spending money, time and effort on medical

education activities or to attract funding for new educational

initiatives or technologies. Finally, taking a scientific approach

to innovating medical education practice may be a wise

strategy to get academic stakeholders to buy into new ideas

and concepts and gain their support for innovations (Grant &

Gale 1989). But whatever the incentive may be, there is

invariably the need for rigour in the research approach and, in

order to get published in scientific journals, clarity as to the

practical relevance of the study and how it contributes new

knowledge and understanding of learning and education in

general.

The challenge

The challenge to the researcher is to place a concrete idea,

interest or problem within a general context of learning,

teaching and education. Newcomers to the field of medical

education research may not be aware of this generalisation

perspective and be inclined to focus on local, concrete

problems or questions they wish to understand or resolve by

collecting and analysing data from evaluation, assessment and

audit. For example: ‘How satisfied are participants with the

content and format of my course?’, ‘What is the learning

outcome measured by a skills test at the end of this class?’, or

‘How well is this programme implemented in our institution as

measured by the number of teachers who adhere to the

standards?’ But research is not primarily about answering local,

concrete questions. In fact, it is the other way round—it is

about researchable problems relating to general questions

about learning, teaching and education that are studied in local

contexts. From this perspective, the generalisability of study

results is a prime consideration. One aspect of generalisability

is how the study contributes general new knowledge about

learning, teaching and education. This requires critical

appraisal of how the results may have been affected by the

context of the study. Another aspect relates to practical

relevance and how the new knowledge can guide educational

practice. However, medical education is a highly complex

discipline with huge differences in practices within and across

classes, schools, sites, jurisdictions and countries. Adding to

the complexity of medical education are the numerous inter-

related factors that together constitute the intricate ecology of

education (Figure 1).

It would be an unattainable goal for researchers to aspire to

finding the one solution or explanation that is uniformly valid

in all medical education settings. The most researchers can

probably aim for is contributing bits and parts of new

knowledge, understanding and reflection on a variety of

Figure 1. The learning ecology. Numerous aspects interact and contribute to the learning.
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phenomena and how and why things work or do not work,

and for whom. In a nutshell, research in medical education is

neither about solving local problems nor about finding general

solutions (Regehr 2010). Researchers would do best to leave

those aspects to stakeholders and practitioners, hoping that

they will use critical reviews of research findings to better

perform their tasks.

An important characteristic of the discipline of medical

education is that its practice and delivery are mainly non-

standardised. This is rather unlike biomedicine where much

biomedical technology, for example drugs or technical proce-

dures, consists of highly standardised interventions.

Biomedicine also has the advantage that it has recourse to

measurement instruments of exceptional precision in assessing

needs and outcomes. Consequently, in biomedicine, general-

isations are both possible and relevant to some extent.

Nevertheless, even in the biomedical domain, which is heavily

influenced by the positivistic philosophies of scientific prog-

ress, there is a growing trend towards acknowledging the

complexity of practice and broadening the perspectives of

research paradigms (Campbell et al. 2000; Ward et al. 2009a;

Bunniss & Kelly 2010).

From idea or problem to
research question

Newcomers to medical education research usually have their

scientific interest sparked off by a concrete problem or

phenomenon in their local setting. Now, the first step for a

researcher is to turn this problem, concern or observation into

a general researchable problem. This launches them into an

endeavour of analysing and identifying which basic concepts

are involved in their concrete problem or idea and of inquiring

into the underlying mechanisms of learning, teaching, and

education that are relevant to their idea. This is quite similar to

research in biomedicine, which requires an understanding of

the underlying physiology, epidemiology, pharmacology, etc.

related to the disease, drug or technology of interest. In other

words, the first step in medical education research is situating

the idea or problem within a conceptual theoretical

framework.

Conceptual, theoretical framework

The conceptual, theoretical framework relevant to a study is a

composite of three parts: (1) selecting theories of learning and

education that can clarify the underlying mechanisms pertain-

ing to the idea or problem; (2) a critical synthesis of

information from the empirical literature identifying what is

already known and what is not known about the idea to

inform the development of a concrete research topic; and

(3) the researcher’s individual thoughts and ideas. This

framework aids in transforming a personal or local idea or

problem into a research problem of general interest. The

framework will further assist in formulating a researchable

question and choosing an appropriate research approach. In

this way, the framework provides a systematic structure and

organisation to support the rationale for the study and justify

why and how it will be undertaken. Finally, once the study has

been completed, the conceptual, theoretical framework guides

the discussion about the generalisability of the results or

findings of the study.

The challenge

A literature study is the starting point of the analysis of an idea

or problem according to a conceptual, theoretical framework.

For those who are new to medical education research, this

stage is likely to entail a lot of hard work. However, identifying

a framework also saves work, because it helps the researcher

to focus on aspects that are worth pursuing and block off

irrelevant roads of inquiry. The first step is to identify the

overarching themes into which the idea or problem can be

subsumed (Figure 1). The next step is to study the basic

concepts related to those themes and the related underlying

mechanisms of learning, teaching and education. While

engaging in this endeavour, the researcher usually discovers

that the central idea or problem can be approached from a

variety of angles and perspectives. Choices are thus inevitable.

In making those choices, the researcher is well advised to

choose as the focus of the study aspects for which he or she

feels genuine enthusiasm.

Where to look?

There are numerous textbooks on basic concepts of learning,

teaching and education, which can be of help in identifying

the overarching theme of the idea or problem to be studied.

There is however no textbook on conceptual, theoretical

frameworks, although there are several articles on the

construct (Carpiano & Daley 2006; Bordage 2009; Bunniss &

Kelly 2010). In addition, some review articles look into a

variety of theories as they relate to medical education topics

(Mann 2004; Bleakley 2006; Patel et al. 2009a, b; Mann 2011).

Good starting points, with plenty of useful references, for a

search of what is already known and what is not known but

merits further study can be found in a wide array of review

papers such as the BEME reviews and AMEE Guides. These

papers usually point to areas where further research is needed.

BEME guide no. 3, parts 1 and 2, provides help in searching

literature databases for medical education (Haig & Dozier

2003a, b), and the AMEE website provides ample links to data

resources, www.amee.org.

Formulating research questions

Having identified the topic of the study, the researcher’s next

step is to formulate a general research question or an overall

aim of the study, which can then be broken down into more

specific research questions. The format and wording of

research questions are closely linked to the research approach

that is chosen. Explorative studies using a qualitative research

approach usually ask rather open-ended questions aimed at

identifying variables that can explain a phenomenon, whereas

experimental studies usually ask closed-type questions relating

to pre-defined variables with the aim of justifying a relation-

ship. In this AMEE Guide, the issue of how to formulate

Research in medical education
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research questions will therefore be addressed in the individ-

ual sections on distinct research approaches.

The research compass

The research compass (Figure 2) is presented as a model that

affords an overview of the various approaches to research in

medical education. It is a composite of the perspectives

presented by Campbell et al. (2000) on approaches to studying

complex interventions and Cook et al.’s (2008) framework for

classifying the purposes of research in medical education.

Several textbooks and articles on research in medical educa-

tion and biomedicine also inspired the model.

At the centre of the model is the ‘conceptual theoretical

framework’, which is core to any study and the basis of any

research approach taken. Applied to the surrounding maze is a

compass consisting of four broad categories of studies each

relating to different purposes. One category is explorative

studies, aimed at modelling by seeking to identify and explain

elements of phenomena and their relationships. This group of

studies includes descriptive studies and studies using qualita-

tive research approaches. Also, under this heading are

psychometric studies, aimed at establishing the validity and

reliability of measurement instruments. Modelling is not only a

purpose of explorative studies, but also a precursor to

designing experimental studies and defining appropriate

interventions and outcomes. The aim of experimental studies

is justification and these studies are typically highly controlled

experiments involving homogeneous groups of participants.

This type of study, however, is not always feasible in the

medical education domain and observational studies, i.e.

cohort, case-control and associational studies are often better

alternatives. Observational studies examine natural or static

groups of people and are aimed at predicting some sort of

outcome. Finally, translational studies focus on implementing

knowledge and findings from research in real life complex

settings where people are not alike. This implementation may

be followed by the evaluation of both process and outcome,

which in turn can lead to the discovery of new unexpected

phenomena, which may prompt further investigation in

explorative studies and perhaps new controlled experiments.

We do not claim that ‘The research compass’ model is

exhaustive. Rather, the model seeks to paint the big picture

and illustrate how a wide array of research approaches, each

in their own right, have a contribution to make to building

onto existing knowledge and understanding of learning and

education. Unlike a labyrinth, the maze of research has several

entries and choices of paths and directions. Moreover, it is not

the intention that a 360� endeavour should be run through

from start to finish in each research project. Research is about

taking small steps by building on prior knowledge and

understanding and that can be done at any stages in the

maze. Thus, the individual researchers are free to jump on and

off at any stage. In other words, they can choose the research

approach that fits their needs and preferences, qualitative or

quantitative, experimental or translational, as long as the

approach is appropriate to the research problem at hand and

feasible within the context where the study is to be conducted.

Finally, the various research approaches are not exclusive and

combinations are often both necessary and feasible. In the

following sections, each element of the model will be

described in some detail.

Explorative studies and modelling

A mix of rather different research approaches is grouped in the

category of explorative studies. Included here are descriptive,

qualitative and psychometric studies. The aim of explorative

studies is modelling, by identifying, describing and analysing

underlying characteristics and mechanisms of phenomena,

behaviours, interventions, measurement instruments, etc.

Explorative studies ask open-ended research questions such

as ‘what characterises . . . ?’, ‘how do people perceive or

explain . . . ?’, ‘which factors can be identified . . . ?’, ‘what is

the validity and reliability of . . . ?’. Based on the results, the

researcher synthesises a model or explanation of the topic

under investigation.

Modelling also refers to the researcher’s preliminary

explorations before deciding on a research approach and

study design for an experimental, observational or translational

study. In this sense, modelling refers to exploring and

analysing bits and parts of an intervention and why and how

it is expected to work in a particular study. In addition,

modelling is used to explore the best method of data collection

and selection of study subjects.

Descriptive studies

Descriptions of phenomena, new initiatives or activities, such

as curriculum design, instructional methods, assessment

formats and evaluation strategies. do not usually qualify as

research. This explains why it is increasingly difficult to get this

type of study published in scientific medical education

journals. However, if the study addresses a research question

that relates to a conceptual, theoretical framework, it stands a

better chance of being accepted as research. Examples of

research questions are ‘how do theories of learning and

teaching inform the observation of . . . phenomenon?’ or ‘how

Figure 2. The Research Compass. An overview model of

approaches to research in medical education.

C. Ringsted et al.
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do theories and prior empirical studies inform the design,

enactment or evaluation of . . . initiative?’ Since research is

about studying relationships, it is common practice to apply

the rather simplistic rule of thumb that for a study to be

classified as research it has to be about some sort of

comparison or establishing relationships. For descriptive

studies, ‘comparison’ can relate to a conceptual, theoretical

framework.

Descriptive studies of medical education used to be quite

common in scientific journals and at medical education

conferences (Cook et al. 2007; Todres et al. 2007). However,

the leaders within the field of research in medical education

and the editors of medical education journals have raised the

scientific standards for research studies. The problem with

simple descriptive studies is that although they may report on a

variety of important observations and good initiatives, includ-

ing evaluation, assessment or audit data, they often lack the

generalisation perspective that was discussed in the introduc-

tory section of this Guide. There are several well-described

methods that can be applied to address this generalisation

perspective, including design-based research, action research

and case studies. This Guide will not go into detail about these

techniques, but ample information can be found in textbooks

and journals.

Qualitative studies

In recent years, there has been a rise in interest in using

qualitative research methods in health and education research.

For many bio-medically trained clinicians, qualitative methods

may be less familiar. Pope and Mays (1995) describe the

overall goal of qualitative research as the development of

concepts that help us to understand social phenomena, in

natural (rather than experimental) settings by giving emphasis

to the meanings, experiences and views of participants.

Because qualitative methods use language-based rather than

numerically based data, reading, interpreting and conducting

qualitative research requires special methods (Greenhalgh &

Taylor 1997).

Theoretically, qualitative research arises from a twentieth

century development in philosophy that recognised the

importance of language in constructing what we perceive as

‘reality’. Many qualitative researchers believe that anything we

call ‘truth’ or ‘reality’ is filtered through and conditioned by

language. Using this ‘constructivist paradigm’, researchers

using qualitative approaches place emphasis on social, histor-

ical and individual contexts (Kuper et al. 2008b).

Qualitative approaches are best used for discovering the

answers to ‘why’, ‘how’ or ‘what is the nature of . . . ’ type

questions. These approaches are used in three primary

situations: (1) preliminary to quantitative research; (2) supple-

mental data (for ‘triangulation’) with quantitative data; and (3)

to explore complex phenomena not amenable to quantitative

research. It is important to note that qualitative and quantita-

tive approaches are not opposites. While sometimes portrayed

as opposing poles, they are actually different and comple-

mentary ways of viewing similar phenomena. For example,

imagine a study focusing on diabetes and insulin compliance.

A helpful quantitative study might explore the question ‘What

is the relationship between non-compliance (as measured by

haemoglobin A1C) and disease progression?’ A qualitative

study might explore the question: ‘Why are patients not

compliant? How do they view disease progression? What is the

nature of their understanding of the concept of ‘‘diabetes’’ and

of ‘‘compliance’’?’

There are many qualitative methods including interviews,

focus groups, case studies, text analysis and observation.

Researchers should be aware, however, that it is important to

understand the conceptual framework that goes with each of

these methods. Each belongs to one or more research

traditions such as ethnography (Reeves et al. 2008), discourse

analysis (Hodges et al. 2008) and grounded theory (Lingard

et al. 2008). It is important to understand these ‘methodologies’

from which the various ‘methods’ (tools) arise, before using

them to collect data.

Obviously statistical analysis cannot be used to analyse

language-based data. However, there are many approaches to

coding and interpreting qualitative data. Usually this begins by

capturing and transcribing data into a textual format for

analysis. Kvale summarises five approaches to transcript

analysis and coding: meaning condensation, thematic categor-

isation, construction of narrative, interpretative methods and

finally a composite ad hoc approach (Kvale 1996).

An important difference from the quantitative paradigm is

the way in which ‘quality’ is understood in qualitative research

(Kuper et al. 2008a). Because data are collected in naturalistic

settings, giving primacy to the experiences and perspectives of

participants, there is no assumption that results will automat-

ically generalise to other situations. Rather, researchers look

for evidence that findings are ‘transferable’ to different

contexts. Similarly, the notion of ‘reliability’ of data is replaced

with a concept of ‘trustworthiness’ and ‘validity’ with ‘authen-

ticity’. The aim of qualitative approaches is to understand

perspectives and experiences of participants in their diversity,

rather than to reduce data by eliminating statistical ‘noise’ as in

the quantitative tradition. Thus, qualitative researchers speak

of ‘perspective’, including their own perspective, emphasising

‘reflexivity’ rather than ‘bias’. Other elements of quality to

attend to are the adequacy of sampling and the ‘saturation’ of

data, authenticity and trustworthiness (good data and good

analysis), various forms of ‘triangulation’ (examining the

relationship and fit of data collected in various ways from

various sources), ‘member checking’ (returning data to partic-

ipants for confirmation), multiple coding and the presence of

an ‘audit trail’ (record of decisions and work done). A rich

array of resources (see reference cited above) and courses are

available for researchers interested in qualitative approaches.

Psychometric studies

Psychometric studies typically deal with measurement and

measurement instruments. Recent decades have seen the

publication of numerous studies on assessment, which almost

always involve both measurement and measurement instru-

ments. In this section, two notions that are fundamental to

measurement are described: validity and reliability.

Additionally, attention is given to the development of a

measurement or assessment ‘instrument’.

Research in medical education
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Validity

Validity is an important characteristic of a measurement

instrument. An instrument is considered to have validity

when it has been shown that the instrument does indeed

measure what it is purported to measure. In high-stake

assessments which are used to inform crucial pass–fail

decisions, validity is obviously of paramount importance.

Different kinds of validity are distinguished and studied. The

four most common types of validity are face, content, criterion

and construct validity.

Face validity

In the past, many studies used the concept of ‘face validity’ to

indicate that at face value what the instrument measured

seemed to correspond with the content of what it was

supposed to measure. However, this definition is generally

no longer considered acceptable in medical education

research. Journal editors are unlikely to accept studies in

which this rather naive definition is used. They require more

substantial evidence of validity (see later). However, there is

an exception to this rule. In the literature on simulation in

medical education, it is accepted practice for researchers to use

the term ‘face validity’ to indicate that in the judgment of

experts the model provides an acceptable approximation of

the reality of medical practice.

Content validity

The main element in content validity is sampling. For example,

in constructing a test that students must pass at the end of an

educational unit test, designers have to make sure that the

questions or items of the test are an appropriate representation

of the educational content of the unit. In order to ensure the

content validity of such a test, it is common practice to provide

a blueprint describing the different content areas covered by

the unit, and to determine the number of test questions/items

to be included for each area.

Content validity is also an important aspect of the devel-

opment of a questionnaire to measure a certain construct. In

developing such a questionnaire, investigators should start

with an extensive review of the theory underlying the

construct and, ideally, they should also look for other

published questionnaires. At a certain point in the develop-

ment process, a number of themes and questions have been

identified. At that stage, it is customary and it helps for content

validity to invite experts to give their opinion on the

relationship between the underlying theory and the

instrument.

Unfortunately, some colleagues continue to entertain rather

simplistic ideas about the development of tests and question-

naires. It is important to realise that in fact it is a highly

complicated and challenging task to make it and to be sure that

there is content validity. In research practice, investigators

often need to construct a questionnaire to gather data about a

topic on which little knowledge is available. In such cases, the

best line of action is to first conduct a qualitative study in order

to gain a comprehensive picture of the idea or construct

involved and in that way get information about the content. It

is impossible to say ‘how much’ content validity is achieved. In

practice, there are many papers in which this aspect of validity

does not receive a great of deal attention.

Criterion validity

Criterion validity depends on the amount of agreement

between the outcomes of the test or measurement of interest

and those of another test or assessment. The other test or

assessment is referred to as the criterion. Two types of criterion

validity are distinguished: predictive validity and concurrent

validity. When the predictive validity of a measurement is to be

determined, the criterion measurement occurs at a later time.

This is for example the case when the objective is to establish

the extent to which high school grades are predictive of results

in medical school. Some well-known examples from medical

education can be found in Swanson et al. (1991) and Ramsey

et al. (1989).

When concurrent validity is at stake, the criterion is

sampled at the same time as the measurement of interest.

Construct validity

This type of validity is the most difficult to determine.

Typically, investigators try to establish correlations between

scores, measurements and performances that are all assumed

to be related to a particular theory or construct. A typical

example is a study in which investigators compare the scores

of residents and consultants on a certain measurement. A

difference between consultants and residents is interpreted as

an argument in support of construct validity, because of their

differences in expertise are expected to impact their perfor-

mance. However, often this conclusion is too simple, since

there are numerous differences between residents and con-

sultants that can influence measurement outcomes in

different ways.

Streiner and Norman (2008) describe three methods that

are often used to establish construct validity: extreme group

comparisons; convergent and discriminant validity studies and

multi-trait multi-method studies. The interested reader can

read more about this topic in their book.

Reliability

Two types of reliability are distinguished: reproducibility and

internal consistency. Both refer to the consistency of measure-

ment outcomes. Reproducibility of a measurement means that

a student who gains a high score on a certain test will achieve

the same high score when the test is administered on a

subsequent occasion. Internal consistency implies that test

items or questions all measure the same subject or construct.

Reproducibility

The test–retest method and the equivalent method are

commonly used to investigate reproducibility.

With the test–retest method, the same test is repeated after a

certain period of time. The correlation between the two scores

C. Ringsted et al.
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is estimated by calculating the reliability coefficient, which has

to reach a certain level. If the time interval between the two

measurements is too short, the investigator should take

account of the possibility of a learning effect due to the first

measurement. If too much time has elapsed between the two

measurements, the coefficient will be lower, because the test

results may be subject to influences from many other variables.

The equivalent method requires the use of two different

instruments to measure outcomes during the same period. The

instruments must be comparable. Because it is very difficult to

develop two instruments that are truly comparable, this

method is less commonly used than the test–retest method.

In the assessment literature two different types of repro-

ducibility are distinguished: intra-rater and inter-rater reliabil-

ity. When one or more raters are involved in judging a

candidate, intra-rater reliability is determined by the answer to

the question: are the judgments produced by the same rater

consistent over time?. In other words, will the same rater give

the same judgment on a candidate after a certain period of

time (intra-rater reliability)? The question to be asked in

relation to inter-rater reliability is: do different raters give the

same judgment on the same candidate?

Internal consistency

The internal consistency of a test or measurement depends on

the degree to which the items in a scale are homogenous in

relation to each other. In other words, to what extent do the

items measure the same underlying construct or concept?

There are two ways to determine internal consistency:

calculating the reliability coefficient or splitting the test and

calculating the coefficient for both parts.

The most frequently used statistic that is calculated to assess

internal consistency is Cronbach’s alpha. For dichotomous data

the Kuder–Richardson coefficient is more appropriate. It

should be noted that these coefficients are not stable charac-

teristics of a certain instrument. They are related to a specific

measurement at a certain moment, and therefore subject to

change. Another way to examine the internal consistency of a

test is to split the test in two halves and calculate if both halves

yield the same results. This can be done using the Spearman–

Brown formula.

The development of an instrument

The process of instrument development starts with a clear

description and definition of the topic under investigation and

of what is to be measured and how. This requires an extensive

literature search which serves several objectives:

(1) To look for theoretical models or theories that are

related to the topic and can be used to underpin the

instrument;

(2) To find out what other investigators have studied in

relation to the topic;

(3) To search for existing instruments and ascertain

whether these are valid and reliable.

For the new investigator, it can be very helpful to first

discuss plans for developing an instrument with more

experienced investigators, who can recommend which

papers are important to read and who are familiar with the

work that has already been done by others. Common advice

from an experienced investigator will be to choose another

approach than developing a new instrument.

After the topic has been clearly described and a clear

definition formulated, and when the investigator has decided

to develop a new instrument, the next step is to define the

content to be measured. Depending on the topic, there are

several ways to define content and construct a blueprint. For

example, if the instrument is developed to provide information

about a certain procedure, an analysis of the procedure could

be the starting point for defining content. At this stage, it may

turn out that there is not enough knowledge available about

the topic to define content. When that happens, it is often

advisable to first conduct a qualitative investigation, such as a

focus group or interview study.

Expert meetings are often used to determine the content of

the measurement. Currently, theoretical background is an

important consideration in this phase of the development of an

instrument. Theory can be useful in decisions about content,

because it can inform choices concerning the viewpoint or

perspective that the investigator will take in studying the topic.

Once the content has been defined, the instrument can be

composed by the investigator. It is wise to invite colleagues to

critically review the instrument avoid redundancy, check the

wording, etc.

When the first draft of the instrument is completed, the time

has come to try out the instrument. It is important to find out if

the ‘users’ understand the questions and how much time it

takes for them to complete the instrument. In larger research

projects, the pilot phase usually involves a larger number of

participants in order to enable statistical analyses to be

conducted. After improving the instrument based on the

results of the pilot phase, the instrument is ready for use

(Box 1).

In order to determine the type of statistical analysis that is

appropriate for the data collected with the instrument, it is

important to consider the kind of scale that is used. Is it a

nominal, ordinal, interval or ratio scale?

A nominal scale is a scale where a number is assigned to

the variables by the investigator. For example: 1¼male and

2¼ female. These numbers neither denote a numerical value

nor a certain order. They merely serve to categorise the data.

In an ordinal scale, information is ranked in a certain order, but

this does not imply that the differences between the scores are

equal. In an interval scale, the distances between scale points

are all equal. For example, the distance between 10 and 20

kilograms is the same as that between 40 and 50 kg. There are

Box 1. Development of an instrument.

1. Literature search

2. Definition of the topic for the investigation

3. Decision about the content

4. Composition of the instrument

5. Pilot testing and improving the instrument

6. Using the instrument
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many situations in which it is impossible to determine with

certainty whether or not the differences between scale points

are equal. A ratio scale is an interval scale with a true zero

value, such as height or weight. In practice, investigators often

assume that an interval scale is used, because this type of scale

allows a greater variety of statistical analyses.

Experimental studies

The goal of experimental studies is to provide justification. In

other words, they seek evidence of the effects of an interven-

tion. The research questions are typically of the closed ended

type: ‘Does this intervention work?’ or ‘Is this intervention

better or more efficient than another one?’ To make sure that

the effect is due to the study intervention, the researcher has to

control for numerous factors that might influence the result.

These so-called confounders relate to characteristics of the

population studied, the intervention itself or the context of the

study. By carefully controlling the experiment, the researcher

seeks to minimise the undesirable effects of confounders.

There are several ways to achieve this. First, by selecting a

homogeneous study sample, second by standardising the

intervention and the measurement instrument, and third by

having a control group that does not receive the intervention.

In the following examples of experimental study designs,

general comments will be made about specific issues and

challenges related to experimental research in medical educa-

tion. However, this Guide only provides some overall princi-

ples and readers are referred to the literature for details on

how to conduct experimental studies including statistical

considerations and analyses.

There are many types of experimental studies. In biomed-

icine, the Randomised Controlled Trial (RCT) is generally

considered the pinnacle of research designs, which is superior

to all other designs in providing valid evidence of the effect of

an intervention. An RCT investigates whether an intervention

works under strictly controlled and standardised circum-

stances. Typically, it is anticipated that the use of strict

inclusion and exclusion criteria and random allocation to the

intervention or control group will ensure that confounders

related to individual characteristics will be equal in both

groups, leaving the intervention the only difference between

them. The classical RCT compares the intervention to no

intervention (placebo) (Table 1). Participants are randomised

to either the intervention or the control group. A baseline

measurement is performed in both groups followed by the

intervention in one group and a placebo in the other group,

and finally the measurement is repeated in both groups.

Subsequently, the data are analysed for differences within and

between the two groups in the expectation that the experiment

will demonstrate a change in the intervention group, but not in

the control group.

In medical education, research there are several problems

with the classic RCT design. First, in education, a comparison

between intervention and no intervention is inherently mean-

ingless. For instance, if the intervention is a course on

resuscitation skills, the group who receives the intervention

is almost bound to do better on a later performance measure-

ment than a control group who did not attend the course

simply because there is no natural course of development of

resuscitation skills. Hence, in medical education, it makes

more sense to compare a new intervention to an appropriate

alternative rather than to no intervention.

The second problem with the design illustrated in Table 1 is

that in education the baseline measurement may influence the

result either through test-enhanced learning, motivation to

learn or by stimulating recall of prior knowledge. Moreover, if

the same test is used before and after the intervention, there is

a risk that participants will remember the test. Clearly, pre-tests

are to be used with caution in medical education research.

However, this faces the researcher with a dilemma, because

without a pre-test how does one estimate the amount of

learning that has occurred.

Third, the timing of the measurement after the intervention

can be crucial to the results. When a learning outcome is

measured immediately after an intervention, the results can be

quite misleading as evidence of the occurrence of true

learning. True learning is characterised by a relatively sustain-

able change of capacity in relation to whatever aspect of

learning is studied—knowledge, skills, attitudes, motivation,

emotions and socialisation. In order to ascertain the occur-

rence of sustainable change, it is recommended to conduct

follow-up measurements either by measuring retention of

learning some time after the intervention and/or by measuring

whether participants are able to apply the newly acquired

capability to other but similar tasks or contexts, in other words,

by measuring transfer of learning.

A four-group RCT design that takes account of these three

problems is depicted in Table 2. The participants are

randomised to four groups. The top two include a before

measurement and the bottom two do not. The table also

indicates that the intervention is compared to an appropriate

alternative and that some sort of follow-up measurement is

planned.

The four-group RCT design is an ideal that can be difficult

to attain in practice. One feasible alternative is to break up the

study into a pilot study measuring learning outcome before

Table 2. The four-group RCT design with follow-up.

Solomon design Follow-up

Randomisation IGroup 1 MBefore INew MAfter MRetention MTransfer

CGroup 1 MBefore IAlternative MAfter MRetention MTransfer

IGroup 2 INew MAfter MRetention MTransfer

CGroup 2 IAlternative MAfter MRetention MTransfer

Note: I¼ intervention, C¼ control, and M¼measurement.

Table 1. The randomised controlled Trial (RCT).

Classic RCT

Randomisation IGroup MBefore I MAfter

CGroup MBefore CPlacebo MAfter

Note: I¼ intervention, C¼ control and M¼measurement.
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and after the intervention, and a main study before measure-

ments but including follow-up measurements.

Finally, in medical education, randomisation can be difficult

to accomplish and often the researcher has to settle for other

means of establishing groups for comparison. These non-

randomised studies are also called quasi-experimental studies.

The challenge

Irrespective of the design, RCT or quasi-experimental, exper-

imental studies entail some challenges that need to be

addressed before a specific research question can be formu-

lated. These challenges pertain to six inter-related elements:

the setting, the study population, the intervention and control

conditions, the outcome measure, and the time of measure-

ment. These elements can be abbreviated to SPICOT (Haynes

2006), and they must all be included in the specific research

question of an experimental study. Although it is commonly

said that the research question drives the study, identifying and

defining the SPICOT elements is an iterative process of

modelling in accordance with the chosen conceptual, theo-

retical framework while constantly taking account of the inter-

relatedness of the SPICOT elements. Adjusting one element

inevitably affects one or more of the other ones. Moreover,

selecting the SPICOT elements is also affected by practical

constraints in the context of the study and some choices and

sacrifices will be inescapable. Unfortunately, there is no such

thing as a perfect experimental study. However, rigour in

clarifying and describing each of the elements and the choices

made is crucial to the quality of the study, to enable

conclusions to be drawn from the results and to getting

published.

How to define the SPICOT elements

First and foremost, the intervention and the alternative

treatment or control conditions must be defined carefully.

This is a tough task in medical education, since an interven-

tion, an instruction or a course usually include several

elements that each impact on learning in various ways.

Furthermore, there is no general agreement on terminology

in medical education. The concepts ‘problem-based learning’

or ‘conventional didactic teaching’ may mean different things

in different contexts. Careful and accurate description is of the

essence. Hypothesising why and how an intervention might

work can be helpful. Equally important is the opposite

question—why might an intervention not work? These issues

should be dealt with during the problem formulation before

the actual study is undertaken.

After the intervention and control conditions have been

defined, the next step is to identify or develop a valid outcome

measure and decide on the time of the measurement. The

challenges of these issues were described in the sections on

psychometric studies and problems with RCTs.

Finally, an appropriate study sample should be defined.

Here, appropriateness relates to both quantity and quality. As

for quantity, the number of participants depends on the size of

the expected effect, the sensitivity of the measurement

instrument and the variance among the participants. Power

calculation can be used to estimate sample size. The reader is

referred to statistical texts for further information on this topic,

but the general rule is that the larger the expected effect, the

higher the sensitivity of the instrument and the lower the

variance in the study sample, the smaller the size of the sample

that is required to allow conclusions to be drawn based on the

results. In experimental studies, it is common to define strict

inclusion and exclusion criteria in order to achieve a sample

that is as homogeneous as possible. However, similarity in the

sample can be a threat to the generalisability of results to the

actual people for whom the intervention is intended in the real

world. In other words, it can detract from the external validity

of the study. The following example illustrates this phenom-

enon. It is not uncommon for experimental studies on the

effect of advanced virtual reality simulators to be conducted on

samples of medical students. Such samples have the advantage

of being quite homogeneous regarding prior learning for they

are all novices to the advanced procedure to be trained on the

simulator. However, principles of learning and instruction that

are derived from a study among novices might well be quite

different and even contrary to those that are suitable for

advanced or experienced learners (Wulf & Shea 2002; Haynes

2006). This threat relates to the cognitive, emotional as well as

social aspects of learning (Illeris 2004). Another problem is the

measurement instrument, which may be appropriate for

measuring the initial stages of learning, but fail to reflect

more advanced stages.

Observational studies

Central to observational studies is the prediction of some sort

of relationship between variables. These studies differ from

experimental studies in several ways. The participants are

natural or static groups of people rather than selected samples,

although usually these studies also have some sort of inclusion

and exclusion criteria. In observational studies, participants are

not allocated to a group by the researcher, but groups are

determined based on for instance classes within a school or

year of entry in the school.

There are several reasons for choosing an observational

study approach over an experimental one. An RCT may not be

feasible, because of difficulties in administering disparate

treatments for the experimental and control group, opposition

to an RCT from students/authorities who have strong emo-

tional beliefs regarding the benefits/drawbacks of a proposed

intervention, or difficulties recruiting participants within a

reasonable period of time. For example, recruitment can be a

problem in postgraduate medical education programmes,

where the number of trainees in one specialty is generally

rather low compared to the number of undergraduate medical

students in 1 year. Second, experiments are very useful to

demonstrate if an intervention works in a highly selected

group of people under controlled circumstances, but RCTs

often have poor external validity, i.e. the results do not predict

if the intervention will actually work in less homogeneous

groups in educational practice. Finally, observational studies

are preferable when the research question has a long-term

perspective and also takes account of unintended effects.
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Types of observational studies

Three categories of observational studies will be addressed in

brief in this Guide: cohort studies, case-control studies and

associational studies. The difference between cohort and case-

control studies is the direction of the inquiry, Figure 3. In

cohort studies, the inquiry starts with the predictor variable, i.e.

an exposure or characteristic that is different between cohorts,

whereas in case-control studies, the inquiry starts with the

criterion variable, i.e. an outcome that is different between

groups. The researcher is ‘happy’ if the majority of subjects

studied match the hypothesis of relationship between predic-

tion and outcome criteria, i.e. falls into the upper left and the

lower right quadrants in the figure. The researcher is ‘sad’

when subjects fall into the upper right or lower left quadrants

as that is in opposition to the hypothesis of a relation between

the predictor and the outcome criteria.

Cohort studies

In cohort studies, the inquiry starts with the predictor variable,

i.e. a cohort’s exposure to a particular educational event or a

cohort’s specific characteristics, and investigates how the

predictor variable is related to a criterion variable (the

outcome). The research question could be: ‘Does attending a

medical school with a problem-based learning (PBL) curricu-

lum predict future competence as a doctor’? (Norman et al.

2008). The predictor is exposure to PBL and the criterion is

future competence measured by peer assessment of perfor-

mance as a doctor in practice. Cohorts attending PBL schools

are compared to cohorts attending non-PBL schools and thus

the predictor variable defines the groups. Incidentally, a

retrospective cohort study on this topic was unable to establish

such a relationship (Norman et al. 2008).

Cohort studies can also follow a cohort over time and

monitor outcomes on pre-defined criterion variables. For

example, data on exam results by the end of medical school

(the predictor here is a characteristic rather than an exposure)

can be analysed to determine an association with data on the

quality of health care (criterion variables) provided by the

same cohort as practising physicians (Tamblyn et al. 2002;

Cadieux et al. 2011).

Case-control studies

In case-control studies, the inquiry starts with the criterion

variable and investigates exposure or characteristics of partic-

ipants in relation to that outcome (case group) compared to a

matched group of participants (control group). Thus, the

criterion variable defines the groups. For example, the

criterion could be disciplinary action by a Medical Board and

the predictor could be ratings of professionalism during

medical school (Papadakis et al. 2004). In this particular

study, the case group included physicians who had been

subject to disciplinary action, while the control group con-

sisted of physicians who had not faced similar action. The

groups were matched for medical school, year of graduation

and choice of specialty. For each group, data on profession-

alism during medical school were analysed and compared.

Incidentally, this study was able to establish such a relationship

(Papadakis et al. 2004).

Figure 4 depicts the cohort study of Norman et al. and the

case-control study of Papadadis et al. The cohort study could

not demonstrate a relation between having attended a PBL

school and future assessment as ‘excellent’ or ‘concern’. There

was an equal percentage of study subjects from each cohort

assessed as ‘excellent’ and an equal percentage assessed from

the two cohorts assessed as ‘concern’. The case-control study

demonstrated that the prevalence of the predictor ‘concern

regarding professional behaviour in medical school’ was twice

as high in the case-group compared to the control-group,

indicating an association between the predictor and the

criterion, i.e. disciplinary action by a Medical Board.

Case-control studies and retrospective cohort studies are

faster to perform than prospective cohort follow-up studies.

Case-control studies are especially useful when the criterion

variable is categorical (yes/no, present/absent), the outcome is

of rare occurrence and there is a long time delay until the

outcome is manifest. However, case-control studies are

considered inferior to prospective cohort studies in providing

evidence of causal relationships. Nonetheless, a case-control

study can be a good starting point for exploring the association

between a set of criterion and predictor variables, which can

subsequently be investigated with stronger research designs.

Associational studies

Associational studies do not necessarily compare groups. An

example is cross-sectional studies, which provide a snapshot

of certain variables in a variety of people and investigate how

they are associated, Figure 5.

The predictor could be clinical experience measured in

number of years and the criterion could be the quality of skill

performance measured by a test. In the theoretical example in

the left-hand box in Figure 5, the correlation coefficient of 0.86

indicates a good relationship. With perfect correlation it would

be 1.00. Associational studies can be contrasted with exper-

imental studies. In associational studies, different participants

are analysed, and there are no groups. The variables are called

Figure 3. The difference between Cohort studies and

Case-control studies is the direction of inquiry.
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the predictor and the criterion variables. In experimental

studies, care is taken to recruit participants that are as alike as

possible. They are then allocated to two groups that either

receive an intervention (I-group) or serve as control group

(C-group) that does not receive the intervention and finally the

outcome is measured. The variables are called the indepen-

dent variable (the cause) and the dependent variable (the

effect or outcome). A real effect of the intervention is

considered to be present when a difference in outcome

between the groups is demonstrated with a p-value indicating

the probability that this difference occurred by chance.

In observational studies, there is often more than one

predictor variable and hence a need for more sophisticated

methods to analyse the contribution of each of these to the

outcome, i.e. multivariate regression analyses. Cohort and

case-control studies are therefore frequently accompanied by

associational analyses of variance (Teherani et al. 2005;

Norman et al. 2008; Cadieux et al. 2011). It is outside the

scope of this introductory Guide to go into this, but future

AMEE Guides in the research series will address these research

approaches more extensively.

The challenge

The challenge of observational studies is that the researcher

cannot control for bias due to confounding variables. Another

challenge is the choice of methods for analysing and

interpreting the data (Colliver et al. 2007). That is why it is

highly advisable for researchers to consult a statistician as soon

as they begin to design the study. Finally, although some sort

Figure 5. The difference between associational and experimental studies. I-Group¼ Intervention group and C-Group¼Control

group. The independent variable is the cause/the intervention and the dependent variable the effect/outcome.

Figure 4. Examples of a cohort and a case-control study.
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of relationship may be established by an observational study,

this can only be interpreted as an indication and not as

evidence of a causal relationship, in part because of the

numerous known and unknown factors that may influence the

results. Based on a sound theoretical background, researchers

should provide a carefully considered explanation of why a

relation is expected, while in-depth knowledge of data

management and interpretation is a crucial prerequisite to

conduct this type of study. It should be noted, however, that

observed associations, while not to be taken as straightforward

evidence, can be used to direct further investigations into

potentially causal relationship using an RCT or other controlled

experimental study. Finally, the kind of data that are needed to

establish associations between educational processes, out-

comes and quality of health care requires comprehensive

databases containing clinical as well as educational data. The

absence of such data repositories has prompted a call for

educational databases that prospectively collect trainee infor-

mation over time and across multiple institutions for the

purpose of doing observational studies (Cook et al. 2010).

Translational studies

Translational research is a concept that arose in the biomedical

domain based on a concern that scientific discoveries failed to

be translated into clinical practice where they can be of benefit

to patients and the public (Zerhouni 2005). The road from the

basic science lab to clinical practice is long and in essence

comprises three major steps. The first is transferring basic

science discoveries to clinical patient-oriented studies. The

second is synthesising knowledge from empirical clinical

studies and producing clinical practice guidelines. This part is

also called knowledge translation (Graham et al. 2006). The

third step is implementing the new knowledge in clinical

practice and evaluating whether, how and why it works in a

variety of complex real life settings, i.e. efficiency studies.

However, in contrast to the view of the translational process as

a unidirectional trajectory from bench to bedside, there is

increasing awareness of a cyclic or multi-directional inter-

relatedness of knowledge transfer and research between

basic and applied clinical science (Ward et al. 2009a; Rubio

et al. 2010).

Translational research has relevance to medical education

in more than one respect. First of all, research can examine

how medical education practice can support the implementa-

tion of the concepts of translational research as they apply to

biomedicine. This can be done by including these issues in

formal undergraduate and postgraduate medical curricula.

Another aspect relates to strategies of development and

implementation of best evidence clinical guidelines. Here,

research in the arena of continuous medical education and

professional development of practitioners can make an

important contribution by revealing principles of how medical

professionals look for and assimilate new knowledge and

eventually use it to change their behaviour and practices

(Slotnick 1999; Davis et al. 2008). Third, translational research

in the medical education domain can be interpreted as

research that investigates how learning in the classroom or

simulated settings is transferred to competence in real life

practice, which eventually leads to better patient outcomes

(McGaghie 2010). And finally, translational research in medical

education can be viewed as research to elucidate how

principles from the basic and applied sciences of learning

and instruction can be translated into everyday medical

education practice.

Translational studies in medical education are discussed

further under the next three headings: knowledge creation,

knowledge implementation and efficiency studies.

Knowledge creation (reviews)

Knowledge creation studies are investigations of prior

research. They are known as reviews, and highly comprehen-

sive examples include systematic, realist and BEME reviews

(BEME¼Best Evidence Medical Education). Just like any other

research approach, a systematic review must be situated

within a conceptual, theoretical framework; start from a

research question(s), use a systematic approach to collect

data and use well defined inclusion and exclusion criteria and

a systematic approach to data analysis and interpretation.

Systematic reviews are typically quantitative in orientation

and seek to compile evidence of the effect of a certain

intervention in order to create a summary effect size. There are

quite a few systematic reviews on medical education pub-

lished in medical education journals as well as biomedical

journals. However, quantitative reviews are complicated by

the variance across studies with regard to the SPICOT

elements, described in the section on experimental studies.

Differences in SPICOT elements across studies, if unattended,

may lead to collation of studies with outcomes in opposite

directions. An example is the choice of measurement points,

which can have a crucial impact on the results. The task of

taking these problems into account is difficult for the reviewer,

because SPICOT elements are poorly described in many

experimental studies. It is therefore not surprising that many

systematic quantitative reviews demonstrate the small overall

effect sizes or are inconclusive. Nevertheless, systematic

reviews are invaluable to the individual researcher who is

contemplating a study of a certain topic because they offer an

excellent overview of prior research as well as a wealth of

useful references.

The problems of systematic quantitative reviews lie in part

in insufficient attention to conceptual, theoretical frameworks.

This is a major focus in realist reviews, which draw upon

quantitative empirical evidence, placing it in a conceptual,

theoretical framework. This kind of reviews is looking for

theories to explain differences in empirical results across

studies (Pawson et al. 2005; McGaghie 2010; Wong et al. 2010).

The BEME reviews are a mix of systematic quantitative

reviews and realist reviews. They often have a primarily

practical focus and provide guidance on the best evidence

available and how that can inform educational practice.

Less comprehensive are critical, narrative reviews, which

rather than claiming to be exhaustive seek to determine the

essence of prior research and identify problems that merit

further study. Conducting a narrative review is typical when

starting a research project and is used for setting the scene and
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describing the conceptual, theoretical framework for the study

(Eva 2008).

Knowledge implementation

At the start of this section on translational research, it was

pointed out that implementation of clinical guidelines and

adoption of evidence-based medical practice are highly topical

issues in biomedicine. Clinical guidelines are based on

systematic reviews and considered a key tool for knowledge

implementation in medicine. The counterpart in medical

education is not so straightforward, in part because of the

absence of evidence-based guidelines and in part because

many medical educators are largely unaware of the medical

education literature. AMEE Guides take a pragmatic perspec-

tive and strive to stimulate critical thinking and reflection,

while providing practical advice and support. One might say

that they are evidence inspired rather than evidence based.

The BEME reviews show more similarity to the format of

clinical guidelines in the medical domain. However, the

complexity of medical education and the interaction of

numerous factors (Figure 1) render it virtually impossible to

create general guidelines to fit any contextual environment,

given the huge variety in local characteristics, possibilities and

constraints (Regehr 2010).

Many educators experience frustration over the prevailing

traditional teaching modes in their institutions and work hard

to implement and sustain innovative educational practices.

One way to distribute knowledge about best evidence medical

education is by running courses, workshops and seminars.

This is a widespread strategy, but despite some evidence of a

beneficial effect of faculty development courses and initiatives,

little is known about why and how they work or why they

sometimes do not work (Mann 2004; Steinert et al. 2006, 2009).

Another way to promote change is to join with administrators

and stakeholders in the development of guidelines rather than

taking a directive and instructional approach (Grol &

Grimshaw 2003). Involving stakeholders in the process is

one of a recently validated set of quality indicators for

developing and implementing clinical guidelines (Brouwers

et al. 2010). A large part of these indicators can be used for the

development of medical education guidelines as well.

Moreover, arrays of theoretical, conceptual frameworks relat-

ing to the dissemination of knowledge are also applicable to

studies on knowledge translation (Estabrooks et al. 2006; Ward

et al. 2009a). Finally, turning educational innovations into

research projects may be another promising strategy in the

medical world (Grant & Gale 1989). One reason is the

openness signalled by the research question and another is

the involvement of stakeholders in the endeavour. More will

be said about this issue in the next section.

Efficiency studies

While experimental studies address questions of whether

interventions work under controlled conditions, efficiency

studies seek answers to the question of what works how and

for whom in real-life settings. In biomedicine, there is

increasing awareness that multiple factors influence the

adoption of knowledge from basic science in practice settings

and also that a multi-angle approach to evaluating interven-

tions is needed (Craig et al. 2008; Ward et al. 2009b). These

phenomena are the province of efficiency studies, which

investigate complex interventions rather than simple or single-

type treatments. Complexity relates to the number of compo-

nents and flexibility of the intervention, the variety of

behaviours required from users, the number of groups or

organisational levels involved and the variance in outcomes

(Craig et al. 2008). Usually, efficiency studies are very practical

in perspective and seek answers that are meaningful to key

stakeholders and relevant to decision making (Tunis et al.

2010). These studies include a variety of outcome and process

measures in order to evaluate effects on individuals, systems

and organisations, including cost-effectiveness. In medical

education, the concept of evaluating effects on several levels,

i.e. reaction, learning, behaviour and organisation, is well-

known from Kirkpatrick’s (1998) model. However, the new

trend in efficiency studies is to broaden the perspectives of

studies from mere evaluation to issues of development,

feasibility and implementation. Development includes identi-

fying evidence and underlying theory and modelling processes

and outcomes. The feasibility part includes piloting proce-

dures, considering recruitment and retention and determining

effect sizes of a large-scale main study. Implementation issues

comprise dissemination, surveillance and monitoring

and long-term follow-up. Conducting the four parts of

efficiency studies—development, feasibility, implementation,

and evaluation – is viewed as an iterative back-and-forth

process rather than a staged model (Craig et al. 2008).

Further details of the framework can be found at the Medical

Research Council web-site, www.mrc.ac.uk/

complexinterventionsguidance.

Although the counterpart to developing and evaluating

complex interventions in medical education research could

be quite similar to that in biomedicine, there will inevitably

be many areas in medical education that do not fit the

variety of research approaches recommended by MRC

guidelines. However, the principles and rigour that are

recommended are equally relevant to medical education and

areas like cost-effectiveness for example deserve more

attention in medical education research. Several of the

concepts of efficiency studies are quite similar to those of

design-based research with its key components of ‘design,

enactment, implementation and evaluation’. Both efficiency

studies and design-based studies can be quite substantial in

scope. Both approaches are similar in their recommendation

of multi-site involvement, which implies involvement of

numerous participants in the work. However, parts of the

results that emerge during the endeavour can inform the

understanding of what works why, or why not, and for

whom, and can be published as individual papers. The

conceptual, theoretical framework, the research questions

and the rigour of the approach are the characteristics that

distinguish efficiency studies from mere evaluation, assess-

ment and audit—as mentioned in the introduction of this

guide. So far, the literature provides more reports on

research proposals for efficiency studies than actual study

results.
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Concluding remarks

This AMEE Guide is intended as an introduction to research in

medical education. In addition to outlining some basic

principles of research within the medical education domain,

it presents an overview of the variety of research approaches

that can be applied. After reading this introduction, the reader

should not be under the impression that applied and theory-

driven research are opposite poles, but rather have gained

insight into how they are intertwined and mutually inter-

dependent in furthering the shared goal of extending the

knowledge and understanding of medical education. Future

AMEE Guides will address the various research approaches in

considerably greater detail.
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