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Abstract As medical education research advances, it is important that education

researchers employ rigorous methods for conducting and reporting their investigations. In

this article we discuss several important yet oft neglected issues in designing experimental

research in education. First, randomization controls for only a subset of possible con-

founders. Second, the posttest-only design is inherently stronger than the pretest–posttest

design, provided the study is randomized and the sample is sufficiently large. Third,

demonstrating the superiority of an educational intervention in comparison to no inter-

vention does little to advance the art and science of education. Fourth, comparisons

involving multifactorial interventions are hopelessly confounded, have limited application

to new settings, and do little to advance our understanding of education. Fifth, single-group

pretest–posttest studies are susceptible to numerous validity threats. Finally, educational

interventions (including the comparison group) must be described in detail sufficient to

allow replication.
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Experiment � Curriculum

Introduction

Research in medical education is gaining vitality and momentum. The Best Evidence in

Medical Education movement (Harden et al. 1999) has seen the publication of several

systematic reviews, the impact factors of medical education journals are rising, a call for

papers for a medical education supplement to the Journal of General Internal Medicine
generated over 130 submissions, and attendance at the annual meeting of the Association

of Medical Education in Europe has grown from 375 in 1997 to 1700 in 2007 (personal

communication, Pat Lilley, 28 February 2008). At the same time, editors and authors have
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noted that much education research could benefit from greater attention to careful planning

and conduct (Education Group for Guidelines on Evaluation 1999; Hutchinson 1999;

Norman 2003; Cook et al. 2007; Dauphinee and Wood-Dauphinee 2004; Shea et al. 2004).

It seems that some authors view education research as a soft science that does not require

rigorous research methods, while others seek to conduct rigorous education research by

applying clinical research methods without adaptation.1 We agree that medical education

research should be rigorous. However, certain aspects of study design require special

consideration and emphasis.

Descriptive, correlational, causal-comparative, and qualitative study designs are

appropriate for many education research questions (Fraenkel and Wallen 2003). However,

we will focus on experimental research, which seems particularly problematic for medical

education investigators. Campbell and Stanley (1963), in their classic taxonomy of

experimental study designs, defined an experiment as, ‘‘research in which variables are

manipulated and their effects upon other variables observed.’’ Although nonrandomized

studies are often referred to as ‘‘quasi-experimental,’’ we will use the term ‘‘experiment’’ to

refer to all randomized, nonrandomized, and uncontrolled designs in which variables are

manipulated and observations made.

We will address six common misconceptions and errors in designing and reporting

education experiments: undue confidence in randomization; over reliance on the pretest;

widespread use of no-intervention comparisons, multifactorial interventions, and single-

group pretest–posttest studies; and failure to explicitly define the interventions. These

points may seem elementary to seasoned researchers, but our experience as editors,

reviewers, and consumers of the literature suggests that these issues merit attention.

Randomization is not a panacea

The purpose of randomization is to control for differences, both known and unknown,

between study groups. However, differences in participant characteristics constitute only

one threat to the internal validity of a research study. Campbell and Stanley (1963) list

additional threats, including history (simultaneous, unplanned events unrelated to the

study), maturation (changes in participants over time), testing (the effect of taking a pretest

on study outcomes), instrumentation (changes in scoring system, calibration, or rater

fatigue), regression to the mean (Bland and Altman 1994), selection (bias in the recruit-

ment and/or assignment of individuals to different groups), and mortality (loss to

follow-up) (see Table 1). Other authors have added to this list additional factors such as

differences in location (implying differences in the environment or available resources),

participant attitude/motivation (for example, the Hawthorne effect), implementation

(variation in expertise or preconceptions of the instructors and in the ‘‘quantity’’ of

instruction), and learning outside the curriculum (which is often inequitably distributed

among intervention groups) (Beckman and Cook 2004; Fraenkel and Wallen 2003;

Norman 2003).

A comparison group can help mitigate many of these threats, but randomization is only

required to control threats from selection and maturation. On the other hand, randomi-

zation cannot control for mortality,2 location, attitude, or implementation threats. Thus, the

1 For a recent discussion of whether medical education is a hard or soft science, see Gruppen (2008).
2 Randomization cannot control for mortality (loss to follow-up), but it can facilitate analyses seeking to
explore the implications of high participant dropout.

D. A. Cook, T. J. Beckman

123



mere presence of randomization does not guarantee a study’s validity. Cook and Campbell

(1979), in their classic text, noted, ‘‘The case for random assignment cannot be made on

the grounds that it is a general facilitator of high-quality research.’’ Cronbach subsequently

endorsed this statement and added, ‘‘Randomization may be achieved at the expense of

relevance.’’ (Cronbach 1982) More recently, Norman (2003) argued that in much education

research the variance introduced by ambiguity and heterogeneity in treatments (imple-

mentation threat) outweighs the variance arising from differences among participants

(i.e. the threats addressed by randomization).

Table 1 Threats to the internal validity of education research studies

Threat Description How to minimize the threat

Subject
characteristics

Differences among participants
at start of study

Randomization

Selection bias Biased assignment to experimental groups Randomization

Maturation Changes in participants over time unrelated
to particular events

Randomization

History Unplanned events unrelated to the
intervention that might impact outcome

Concurrent control group

Instrumentation Changes in scoring rubric or instrument
calibration, including rater fatigue

Control group

Regression to
the mean

Participants selected or groups assigned
based on high or low performance will be
closer to average upon subsequent testing
(Bland and Altman 1994)

Control group (assignments not
based on baseline
performance)

Testing The effect of taking a pretest on study
outcomes (familiarizes participants with
questions on posttest, stimulates learning/
study to the test, and heightens awareness
of intent of study)

No pretesta

Mortality (loss
to follow-up)

Participants leave study Prevent loss; collect information
on those losta

Location Differences between groups in the
environment or available resources

Collect information on potential
differencea

Participant attitude
and motivation

Learners involved in something they
consider novel, or who are being
observed, tend to be more motivated
(conversely, those in comparison group
may be demotivated)

Blind participants to study
hypothesisa

Implementation Variation in the learning experience
e.g. differences in the expertise of the
instructors, the opinions of instructors
regarding the efficacy of the intervention,
or the actual amount of instruction
received (e.g. did participants skip class?).
Learning outside the curriculum (how
much learners studied on the topic beyond
that intended by the intervention) falls
into this category as well

Careful planning of study
interventions; collect information
on actual experiences (both within
and without the study)a

See Fraenkel and Wallen (2003), Campbell and Stanley (1963), and Norman (2003) for more information on
these threats
a Control groups (with or without randomization) do not control for these threats
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All this should not be construed as an argument against randomization. On the contrary:

randomization is required for the strongest study design, and should be performed

whenever feasible. Yet valid inferences can certainly be derived from well-designed non-

randomized studies. In fact, reviews of research in both education (Wilson and Lipsey

2001) and clinical medicine (Benson and Hartz 2000; Concato et al. 2000) suggest that

bias from non-randomized study designs is likely small.

In judging inferences from research results, Cronbach (1982) proposed the following

thought experiment exploring reproducibility. First, would similar conclusions be justified

if the experiment were repeated using the same procedures, (a) on the same group of

participants, and (b) on a different sample? Second, would similar conclusions be justified

if the same research question were addressed using different procedures? Reflecting upon

the answers to these questions will help researchers identify potential threats.

A non-randomized study that carefully controls for key threats is likely to support more

reproducible inferences than a randomized study that fails to adequately attend to potential

sources of invalidity. We encourage greater attention to the entire spectrum of validity

threats.

Pretests often weaken the study design

Many educators hold the pretest–posttest, randomized design—in which participants are

randomized to two or more conditions, take a pretest, undergo an intervention of some

type, and then take a posttest—as the gold standard in education research. We wish to

dispel this myth, and suggest that greater attention be given to the randomized posttest-

only design. In 1963, Campbell and Stanley (1963) wrote, ‘‘While the pretest is a

concept deeply embedded in the thinking of research workers in education and

psychology, it is not actually essential to true experimental designs… [The randomized

posttest-only design] is usually to be preferred to [the randomized pretest–posttest

design] unless there is some question as to the genuine randomness of the assignment.

[It] is greatly underused in educational and psychological research.’’ More recently,

Fraenkel and Wallen (2003) state, ‘‘[The randomized posttest-only design] is perhaps the

best of all designs to use in an experimental study, provided there are at least 40

participants in each group.’’

Why is this so? Recall that proper randomization should equalize participant differ-

ences—including baseline knowledge and skills—among the study groups. Thus, the

pretest is not necessary to ensure that randomized groups are equivalent at baseline (except

for chance). Furthermore, using a pretest creates several disadvantages (see Table 2).

Exposure to the pretest will affect performance on an identical posttest through familiarity

with the questions, and may also influence learning during the intervention (e.g. ‘‘studying

for the test’’). These issues constitute the ‘‘testing threats’’ described above. Use of an

alternate version of the test is plagued by likely differences in difficulty, and yet does not

entirely avoid testing threats.

Furthermore, contrary to common misconceptions, pretests cannot adequately correct

for baseline differences between study participants (Cronbach and Furby 1970), and the

notion that a pretest increases sensitivity or statistical power is not necessarily true

(Norman and Streiner 2007). While subtracting pretest from posttest does remove stable

individual differences, it does so at the cost of introducing measurement error twice—from

pretest and posttest (although if the reliability coefficient is [0.5, appropriate statistical

analysis may offset this liability).
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This does not mean that pretests are necessarily bad. Cronbach (1982) suggested,

‘‘To investigate pretest-plus-instruction is obviously suitable when the pretest is a natural

part of the operating program. Pretests added for the sake of the evaluation are the suspect

ones.’’ Likewise, Campbell and Stanley observed that ‘‘for educational research frequent

testing is characteristic of the universe to which one wants to generalize,’’ and noted that if
pretests are already part of the educational program they can increase statistical power

and explore interactions between the intervention and pretest performance.

Pretests are useful under certain circumstances.3 When randomization is not possible,

pretests can help to judge the similarity of groups (but not to correct for differences found

in other variables). In randomized trials, pretests may be useful when sample size is small

(because randomized groups are likely to be rather different [due to chance] for small

samples, and also to increase statistical power [caveats above in mind]), when researchers

anticipate a high dropout rate (to compare dropouts to those who remain), or when trying to

generalize results to learners who may not be similar to the study population. Except in

these situations, researchers may wish to avoid pretests in randomized, controlled trials in

education.4

No-intervention and placebo-controlled studies have limited application

The vast majority of experimental medical education research makes comparison with a

no-intervention control. Unfortunately, such studies are similar to trials comparing a drug

to no intervention when other effective drugs exist. Comparing amlodipine to no inter-

vention may show that the drug lowers blood pressure, but comparison with another drug

such as hydrochlorothiazide is required to establish amlodipine’s role in clinical practice.

Table 2 When to use a pretest in education research

Disadvantages to using a pretest Consider using a pretest when

• The pretest imposes extra burden on learners • The pretest constitutes an integral part
(or was already a part) of the intervention

• The pretest influences learning during the
intervention

• Using a nonrandomized design

• Previous exposure affects performance on the
posttest; alternate test form may have different
level of difficulty

• Sample size is small (less than 40 per arm)

• The pretest compounds the unreliability of scores • Anticipating a high dropout rate

• Hoping to generalize to a different
population

3 When pretests are used, researchers should not calculate the difference between pretest and posttest scores
and statistically analyze the difference or change scores. Although this method is commonly used (indeed,
we are guilty of having used it), it is inferior to the more appropriate use of the pretest as a covariate (along
with treatment group and other relevant variables) in multivariate statistical models. See Cronbach and
Furby (1970) and Norman and Streiner (2007) for detailed discussions.
4 Pretests may also be useful in randomized trials comparing active interventions if no treatment effect is
found, by providing evidence that the lack of effect is not due to similarly ineffective interventions or an
insensitive measurement tool (an exploration of the absolute effects of the treatments rather than the relative
effects between groups). However, this analysis parallels the single-group pretest-posttest study with all
attendant limitations.
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Similar logic applies to placebo (inactive intervention) controls (we hereafter use placebo

and no-intervention interchangeably because the differences are not relevant to this dis-

cussion). Likewise, while comparison with a no-intervention control demonstrates proof of

concept of a novel educational intervention, it does little to inform educational practice.

A no-intervention-controlled educational experiment showing significant effect tells us

only that learning can occur. However, we already know that if learners spend time

learning they will learn (see Fig. 1). So confirming a benefit from the latest workshop on

the topic du jour is rarely exciting because it tells us nothing of why the intervention

worked, how it integrates into current practice, how it compares with existing interven-

tions, or how it can be improved for the next go-round. In short, such ‘‘justification’’

studies (Cook et al. 2008) do not advance our understanding of how to teach. In fact, if a

no-intervention-controlled experiment shows no benefit from a learning intervention this is

likely due as much to an insensitive outcome measure or inadequate sample size as it is to

an ineffective intervention. Even if we believe the intervention was ineffective, such

research tells us that this particular intervention failed to work in this particular setting, but

does not tell us why it failed, how to improve future interventions, or whether it might have

worked in another environment.

To meaningfully inform practice, head-to-head comparisons of carefully designed active

interventions will be necessary. The differences between the two interventions will need to

be focused, explicitly defined, and replicable. Interventions should be based on theory or

evidence suggesting that the instructional design is appropriate for the learning objectives.

For example, a recent study comparing two methods for teaching neurological physical

diagnosis found that a method focusing on pathophysiological explanations for exam

findings was slightly superior to a method that emphasized disease probabilities for each

finding (Woods et al. 2005). These investigators grounded their hypotheses in theories of

cognition, and concluded that, ‘‘the basic science information, because of its conceptual

coherence, was itself more memorable.’’ This finding clarifies our understanding of learning

Fig. 1 The futility of no-intervention-controlled (and placebo-controlled) experiments. This figure
illustrates a critical limitation of experiments with no-intervention or placebo controls, namely that any
virtually educational intervention will make a difference of some sort. Failure to detect this difference is
more likely due to an insensitive outcome measure or underpowered study than an ineffective intervention
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and recall, and can be generalized to other settings. More ‘‘clarification’’ studies of this sort

are needed to advance the science of medical education (Cook et al. 2008).

There may be exceptions to this rule. For example, many interventions in continuing

medical education have failed to demonstrate expected effects on physician behavior and

patient outcomes. Such studies have highlighted the ineffectiveness of weak instructional

designs and encouraged the development of stronger interventions. However, we maintain

that our understanding of how to effectively change physician behavior (and other ‘‘higher-

order’’ outcomes (Kirkpatrick 1996)) will be better advanced through comparisons of

carefully-selected active interventions.

Multifactorial interventions are hopelessly confounded

Experimental interventions should be focused. Many educational interventions (here we

refer to both study and comparison interventions) involve multiple simultaneous or

sequential learning methods and experiences, such as a workshop that employs lecture,

small group sessions, and practice with a standardized patient. When complex interven-

tions show significant benefit, they demonstrate that a specific outcome (e.g. knowledge or

behavior) can be modified but tell us little about which components of the intervention

(e.g. instructional methods and experiences) determined this change (see Fig. 2). Such

investigations have only limited generalizability (Norman 2003) because the multifactorial

intervention cannot be replicated precisely, and implementing only a portion of the

intervention may or may not be effective. A recent article discussed this issue in greater

detail in regard to computer-based learning (Cook 2005).

Norman suggests that medical education research will provide meaningful results when

the ‘‘various factors that contribute to a result are systematically varied … based on a

Fig. 2 The challenge of interpreting multifactorial interventions. This figure illustrates a hypothetical
experiment in which a new intervention incorporating small group sessions, Web-based learning, and
clinical cases was compared to the standard intervention comprised of lecture and the same clinical cases.
Although the new intervention proved superior (‘‘heavier’’), it is impossible to know the relative
contribution (‘‘weight’’) of each individual component and thus it will be difficult to apply these findings to
future educational endeavors
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theory of causation.’’ (Norman 2003) We agree, and suggest that studies of multifactorial

educational interventions be replaced, or at least complemented, by more theory- and

evidence-based comparisons of specific instructional methods. Cook (2005) presented a

model for systematic variation of computer-based instructional designs that we believe

readily translates to educational research in general. Using this model, a recent study

compared a series of Web-based learning modules to a second series of modules, identical

to the first save for case-based questions interspersed throughout the text. The results

confirmed the study hypotheses by showing that the case-based questions improved test

scores and were preferred by the majority of learners (Cook et al. 2006). More studies of

this type will provide evidence to assist educators when selecting from among multiple

possible instructional methods to teach a specific objective.

Single-group pretest–posttest designs suffer from many validity threats

Single-group pretest–posttest studies are experiments in which participants act as their own

control (Campbell and Stanley 1963). Such studies are ubiquitous in medical education

(Baernstein et al. 2007; Cook et al. 2007). Yet without a concurrent control group, this

design is susceptible to numerous validity threats including history, maturation, testing,

instrumentation, regression, location, and attitude. Collectively, these threats seriously

constrain the inferences that can be drawn from research using this design. We recognize

that many educational settings preclude the use of stronger designs, but remind researchers

to use concurrent controls whenever possible.

Interventions must be thoroughly described

Educational interventions are often inadequately described (Cook et al. 2007; Price

et al. 2005). In contrast to clinical trials on drugs and procedural interventions, which

typically use standardized preparations or codified protocols, education research involves

workshops, lectures, small group sessions, and computer-based applications that can each

be implemented in various ways. While it would be unreasonable to expect a report to

contain the entire curriculum for each topic addressed, authors must outline the key

instructional methods and the theory and evidence upon which they are based in sufficient

detail that someone at another institution could replicate the intervention (Des Jarlais et al.

2004). Highlighting this problem, a recent study (Cook et al. 2007) found that 8% of

intervention descriptions were incompletely described. It is also important to carefully

describe what happens to the comparison group. Even when ‘‘no intervention’’ is intended,

learners typically engage in some kind of alternate education such as the standard cur-

riculum or self-directed learning. Yet this information is frequently omitted in reports of

education experiments—20% incomplete or absent in the study above (Cook et al. 2007).

Researchers should carefully anticipate and document the learning opportunities likely to

be experienced by all study participants.

Final thoughts

We recognize the increasing use of qualitative research methods (Bordage 2007; Harris

2003; Shea et al. 2004), and calls for the use of case–control and cohort study designs
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(Carney et al. 2004). These methods can help answer questions that experiments cannot

(Callahan et al. 2007; Kennedy and Lingard 2007; Papadakis et al. 2005; Tamblyn et al.

2007). Rigorous research using such designs will add greatly to the evidence base.

In conclusion, education research requires rigorous methods. While education

researchers can learn much from clinical research approaches, certain aspects of study

design and reporting require special consideration. Increased attention to these funda-

mental issues will improve the quality of educational experiments and advance the art and

science of medical education.
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