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Abstract
Technology provides an opportunity to develop innovations to improve the way we teach. Developing educational innovations
must be approached in a methodical and thorough manner to identify the educational gap and validate the innovation’s success in
filling the gap. A successful educational innovation requires a stepwise approach that includes needs assessment, design of
intervention, testing and analysis, evaluation of intervention, and determination of learning retention.
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Introduction
A wise professor once said that when you come up with a
great idea, it is likely that at least five other people have
independently come up with that “unique” idea — success
is in the execution. One could add that success is also in the
validation. Physician researchers conduct scientifically rigorous research to advance knowledge and skills and provide
relevant, current and high-quality clinical care to patients.
Clinician educators should use that same level of rigor to
validate the methods they use to teach their trainees and attempt to link these to outcomes, as has been done in several
clinical specialties [1–4]. Successful research in medical education must identify stakeholders, gaps in knowledge and
skills, and novel or existing interventions that are appropriate
to address the gap. So often one develops a novel technology
without first determining the need and appropriateness, in
effect building the hammer without first identifying the loose
nail. As with clinical research, it is time for medical education
research to move beyond cohort qualitative assessments toward a sound scientific process that involves developing a
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hypothesis, identifying separate control and experimental
groups, applying the independent variable (the “intervention”) and using rigorous statistical principles and tools for
analysis [4]. Unfortunately, limited grant funding has led to
less rigorous practice and stalls the cultivation of established
medical education researchers who in turn could mentor the
next generation [5]. In addition, there are challenges in studying the moving and developing population in medical education and in finding similar cohorts in similar settings to serve
as “quasi-experimental” controls, but this should not discourage the medical education researcher from optimizing the
research design [4]. In this review we suggest a five-step
approach, common in other areas of education, toward designing and assessing a medical education research project:
(1) needs assessment, (2) design of intervention, (3) testing
and analysis, (4) evaluation of intervention and (5) determination of learning retention.

Needs assessment
No matter how nifty a new idea, it will fail unless a proper
needs assessment is undertaken. The purpose of such an
exercise is to flesh out the gaps in knowledge and skills
and to identify and critique the established methods to
teach these. With a strong grasp of what is currently taught
and how it is taught, together with an assessment of how
efficacious current approaches are, one is in an excellent
position to develop focused goals and objectives for new
educational approaches. These can then be rolled into an
appropriate and effective intervention.
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First, one must identify key and peripheral stakeholders. For
example, for an education project in radiology, the stakeholders
are the trainees, and the peripheral stakeholders might include
all the clinician educators and the program director. Next, one
develops a list of items that should be learned and assessed.
This list could be formulated through casual conversation with
colleagues and students; through formal discussion with the
education committee; or based on performance data on past
in-service examinations, observed skills and knowledge in the
workplace, complaints and concerns filed with the program
director, a survey of the relevant literature, and topical issues
raised through groups setting the examinations such as the
American College of Radiology (ACR) in-service and
American Board of Radiology (ABR) certifying examinations.
Needs assessments can be conducted in several ways, each
with inherent strengths and weaknesses. These include questionnaires (electronic or paper-based), interviews, focus
groups, observation and tests. Each method must be planned
carefully with the method for data analysis in mind. There is
extensive published work on how to craft questionnaires, going back decades, but several key principles in creating a
questionnaire/survey and tests are: (1) include questions that
are free from bias and one-and-a-half-handedness (e.g., “Do
you believe that slide identification is important, or do you
not care about effective cancer detection?); (2) avoid negatively worded questions (e.g., “Which one of the following is
NOT true?”); (3) assign labels for all values on a number
scale and not just the lowest and highest; (4) clearly word
the questions so there is no ambiguity or undue complexity;
and (5) avoid emotional or extreme language or labels such as
“absolute” or “never” [6]. Survey response rates, especially
for those sent electronically, are inherently low but can be
increased by including a personalized cover note indicating
the importance of their participation in your research, and
why the research itself is important. In addition, you will
improve your response rate and data retrieval by keeping
the survey short and including the expected time for completion in the note. As with all research, an assurance of anonymity always improves the response rate.
Interviews produce a greater response rate only if you can
get the interview! The problem with interviews is that they
imply lack of anonymity, and so this must be addressed at the
time of the invitation. Focus groups are an extended method to
interview several people in one sitting, and as the name suggests, they must be focused on a narrow area of the research in
order to be fully effective. The optimal size of a focus group is
5–8 people.

Design of intervention
A full discussion of design of the learning tool or intervention
is beyond the scope of this article. However this very
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important step is predicated on a close examination of the
results of the needs assessment. In many cases failure to properly evaluate these needs reduces the educational value or
appeal of the educational tool or intervention. The design must
address the content (pertaining to the knowledge and skills to
be learned) and the mode of delivery of the intervention, the
latter adhering closely to accepted principles of learning [7, 8].
Although both are important, failure to align with the needs
assessment in either aspect of the design can lead to a poor
result when the intervention is evaluated.
In modern education research, increasing evidence
shows that a design effort is more likely to be effective if
it is conducted by an inter-disciplinary team involving both
education designers and members of the stakeholder community, for example, medical instructors who will become
the first users of the resulting curriculum — a practice
referred to as co-design [9].

Testing and analysis
The initial development and deployment of the educational
intervention is only the beginning. Common education research and development practice calls for multiple cycles
of iterative refinement and redeployment, involving repeated assessment used to determine how well the intervention
is working and improve it [10]. At the conclusion of that
process, an educational intervention must undergo stringent quantitative and qualitative assessment in order to be
validated as a better solution to address the teaching gap.
The basic principle is to apply an intervention (the independent variable) to one group and measure the response
(the dependent variable) and compare it to a control group
to determine significant change. Because of so many confounding variables in any educational intervention, and the
inability to truly randomize exposure and timing of exposure to the intervention, it is more common for education
researchers to adopt quasi-experimental methods than fully
randomized approaches [4, 11]. Some key goals in setting
up an educational experiment that is considered valid by
the broader education research community include: (1)
having a control group with characteristics similar to the
experimental group, either through random assignment,
random group assignment (typically referred to as a
quasi-experiment) or matched-pair random assignment;
and (2) having a pretest and posttest for both groups.
Where this is not possible, one should consider the onegroup time series where there is only one group that undergoes both the experimental and control conditions at
different times (typically for different content), with a pretest and a posttest for each condition. In this case, each
subject serves as her own control. Where one can expect
no participants to have advance knowledge of the material,
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or true random assignment has occurred, it is acceptable to
forego the pretest and only conduct a posttest on the two
groups because the difference in this case can be attributed
to the intervention.
Next, one must design the tests to best capture the learning
that the intervention is hoped to produce. For this step in the
study, consider the anticipated effects of the intervention on
the student’s acquisition of skills, knowledge, expertise and
mastery, and design tasks or items that would address the
essence of the hypothesis. The test items or tasks must be
appropriate and relevant to the hypothesis. Additional questions could also be included in a separate section to address
such things as attitudes, confidence and motivation.
Knowledge and skills tests can take a variety of formats and
can be written or practical/performance-based.
Some attention must be given to the timing of the tests.
There should be minimal time between the pretest and the
start of the experiment for both the control and intervention
groups to minimize effects from confounding variables that
appear during students’ ongoing learning. A posttest given
immediately can indicate immediate recall bias that might
not reflect true retention. The test given too late is affected
by confounding variables from interim learning, and perhaps the effects of studying for this later test, the latter of
which is arguably not a reflection of the intervention’s
effect on learning at all [11]. Many researchers therefore
recommend giving both immediate posttests and later retention tests [8]. Statistical analysis then typically measures the difference in scores between the control and experimental groups. The statistical method chosen should
take into account the relationship between the groups,
whether the variables are parametric or non-parametric,
whether they are continuous or categorical, the size of the
samples and the number of groups. Variables are also analyzed and described using descriptive statistics (percentages and ranges, frequencies, correlations and relationships, reliability, etc.; Table 1 [12]).

Table 1 Most commonly utilized
tests for statistical analysis in
education research [12]

Evaluation
Studies that report on evaluations of educational interventions often include assessments of the appeal, value and
potential reach of the education tool (the evaluation) in
addition to the effect of the intervention on learning. One
way to evaluate these aspects of learning is to provide a
short questionnaire on ease of use, speed, reliability, access, likelihood that user would use it again, and potential
for widespread use beyond the given institution. These
responses serve as feedback to the design team for potential future revisions of the learning tool (Table 2 gives an
example used in one study [13]). Ultimately, many programs of education design research also investigate implementation fidelity as an intervention scale [14] and
investigate how effectively an intervention scales toward
understanding how to more effectively spread future educational innovations.

Learning retention
While the goal of novel educational tools and interventions
is to enhance the acquisition of knowledge and skills, it is
equally important that these enhancements “stick” or have
some longer-lasting impact [8]. Using established principles developed by learning scientists, the educator attempts
to create a tool that is contextual, relevant, easily accessible, engaging, self-directed, and includes social interaction
[7]. An intervention that is engaging and interactive and
that allows immediate application to the learner’s work
environment enhances immediate learning [7], which will
be evident on the pretest-to-posttest analysis. In most education experiments, a repeat of the posttest at 6 months
accurately gauges long-term retention of knowledge and
skills imparted by the intervention.

Indications

Nonparametric

Parametric

Qualitative description

Frequencies, percentages, modes

Correlation
Best fit
Difference — two unrelated groups
Difference — two related groups
Difference — 3+ unrelated groups

Spearman rho
Chi square
Mann–Whitney
Wilcoxon
Kruskal–Wallis

Frequencies, mode-mean-median,
standard deviation
Pearson

Difference — 3+ related groups
Impact of independent on
dependent variables

Friedman
Ordinal or logistic regression

Student’s t-test
Paired t-test
Analysis of variance (ANOVA;
1- or 2-way)
ANOVA (repeated measures)
Linear regression
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Table 2 Evaluation questionnaire for an educational intervention for
pediatric ultrasound includes sections about appeal, value and reach
(used with permission from [13]
1. Appeal: Rate the following statements on a scale of 1 (disagree/low) to 5
(fully agree/high)
_ I found the tutorial too long
_ I found the tutorial too short to cover the necessary information
_ The tutorial lasted a perfect length of time to cover
necessary information
_ The level of difficulty was appropriate for a pediatric
radiology fellow
_ The level of difficulty was appropriate for a radiology resident
_ The tutorial could be used to teach sonographers
_ The tutorial captured all features of the examination necessary
to be able to perform the scan
_ The tutorial addressed all of my questions about the
examination technique
_ The video quality for the technique was good
_ The video feed quality for the US images was good
_ The audio quality was good
_ The use of graphics and text is necessary to make the
learning experience complete
_ The addition of test questions is necessary to make the
learning experience complete
_ I would review this module for future reference
_ Overall grade for appeal (acceptability as a learning tool)
of the tutorial method
2. Learning effectiveness: Rate the following statements on a scale of 1
(disagree/low) to 5 (fully agree/high)
_ I could competently perform this examination without
assistance before the tutorial
_ I could competently perform this following completion of the tutorial
_ The tutorial improved my knowledge of indications for the study
_ The tutorial improved my knowledge of patient preparation
_ The tutorial improved my knowledge of patient draping
and positioning
_ The tutorial improved my knowledge of probe selection
_ The tutorial improved my knowledge of image optimization
_ The tutorial improved my knowledge of scan planes
_ The tutorial gave helpful recommendations to aid in difficult scans
_ Overall grade for impact on learning for this tutorial
3. Reach: Rate the following statements on a scale of 1 (disagree/low) to 5
(fully agree/high)
_ The tutorial contains information that is only useful for our trainees
_ The tutorial could be helpful for trainees outside our institution
in USA programs
_ The tutorial could be useful in international training programs
_ The tutorial could be useful for emergency department physicians for
point-of-care diagnosis
_ The tutorial is only useful on one type of US machine and therefore
cannot be used in all programs
_ I would use this only during academic time
_ I would use this while studying at home
_ I would use this at point of care at the workstation
_ I would review this tutorial while exercising or listen while driving
_ Overall grade for reach (audience size) for this tutorial

US ultrasound

Conclusion
The dynamic and multifactorial nature of learning makes it a
challenging subject for quantitative research, but nonetheless
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a considerable amount of learning research in medicine has
not fully validated the interventions created, nor followed
thorough processes in designing interventions. It is important
to do so to ensure that the interventions that are deployed are
of maximal benefit to learners and, eventually, their patients.
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