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Pilot studies can help to pave the way for larger randomized controlled trials of health-related behavioral
interventions. Unfortunately, there is widespread uncertainty and confusion about the kinds of studies
that should or should not be called pilot trials, and about their relationship to other types of preliminary
studies of behavioral interventions. The traditional conceptualization of pilot studies as “preliminary
efficacy” trials has been especially problematic. This report identifies some common and problematic
weaknesses in pilot trials. It also describes a strategy for preliminary research on behavioral interventions
that can prevent these problems, and provides recommendations for researchers and reviewers.
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In ancient Greek mythology, Chaos was the primordial void that
preceded the creation of the universe. In modern behavioral inter-
vention research, Chaos is the primordial mess that precedes the
creation of randomized controlled trials (RCTs). Unlike its ancient
predecessor, ours is not a formless, featureless void; it teems with
preliminary and pilot studies. Many of them are well-designed and
informative, but too many others have problematic aims, designs,
and impacts.

The chaotic nature of this realm of behavioral science causes
uncertainty about the kinds of preliminary studies that should or
should not be conducted, and about the preliminary findings that
researchers report in grant applications when seeking funding for
behavioral RCTs. It causes uncertainty among grant reviewers
about the kinds of preliminary findings they should or should not
want to see in RCT grant applications, and uncertainty among peer
reviewers and editors about how to evaluate articles reporting
preliminary intervention research or pilot trials. It leaves all of us
with an early phase intervention research literature that has ample
room for improvement.

This paper discusses deficiencies that diminish the scientific
value of many pilot studies, and it describes alternative to tradi-
tional pilot trials that can help to improve early phase research and

foster more robust behavioral interventions. It also provides rec-
ommendations for authors, reviewers, and readers of Health Psy-
chology. However, these issues are not unique to this journal or to
the field of health psychology; they are widespread. Consequently,
the recommendations are also intended for other journals, authors,
grant applicants, and grant and article reviewers.

Problematic Pilot Studies

“Preliminary Efficacy” Trials

Across many areas of intervention research, most pilot studies
have been preliminary efficacy trials in which the primary out-
come analysis is severely underpowered. Many of these trials yield
null results (Shanyinde, Pickering, & Weatherall, 2011) and end up
in the “file drawer” (Rosenthal, 1979), thereby halting work on
promising and unpromising interventions alike. In contrast, pilot
trials with positive results are often interpreted as providing “pre-
liminary evidence of efficacy.” Many pilot trial reports conclude
that there is a need for “future research” on the intervention,
without mentioning whether anyone is actually planning to con-
duct this research. In some cases, the report concludes that the
findings give the authors themselves a green light to proceed to a
larger trial. If they ever propose a larger trial, they will probably
use the efficacy effect size from the pilot study in their power
analysis.

This approach has several serious drawbacks. First, only a small
percentage of published pilot trials have ever led to a full-fledged
RCT. This is common in many areas of health-related research.
For example, a recent analysis of the orthopedic surgery literature
found that only 10% of published pilot trials were ever followed by
an adequately powered RCT. The authors of the pilot trials were
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surveyed to identify reasons why they never conducted a larger
trial. The most common response was that they believed that
despite its small size and other deficiencies, their pilot trial had
answered the research question, thereby obviating the need for a
larger trial. Other common responses included failure to demon-
strate the preliminary efficacy of the intervention, inability to meet
recruitment targets, and lack of funding (Desai et al., 2018).

Comparable analyses of behavioral intervention pilot studies are
not available, so to illustrate the situation in our own field, the
present author searched Medline for RCTs of health behavior
interventions that were published (or published online ahead of
print) in 2010 and that were described by the authors as pilot
studies. The year 2010 was chosen to give the authors at least eight
years to publish a larger RCT of the same intervention that they
tested in their pilot trial. Medline was searched again for papers
that cited the pilot trial, to identify a larger trial by the same
authors. As shown in Table 1 in the online supplemental materials,
the search identified 11 self-described randomized controlled pilot
trials of interventions for smoking, diet, physical activity, or med-
ication adherence. Williams et al. (2014) is the design paper for an
RCT for which Williams et al. (2010) was the pilot study. The
RCT’s status in clinicaltrials.gov is “completed,” although the
results have not yet been published. Several of the other pilot
studies were followed by further intervention development re-
search or pilot studies, but none of them has been followed so far
by a published RCT. Thus, only 9% of this small sample of pilot
studies have been followed by larger RCTs.

Second, the positive findings of small preliminary efficacy trials
are more likely to be false than true (Ioannidis, 2005), and they do
not guarantee that the results of larger trials will also be positive.
This has been demonstrated repeatedly, even in areas of medical
research in which the “small” trials tend to be larger than many of
our relatively “large” trials. For example, many Phase II trials of
heart failure medications have enrolled hundreds of patients and
have yielded positive findings, only to be followed by much larger
Phase III trials that fail to show evidence of efficacy or that even
show evidence of harm (Vaduganathan, Greene, Ambrosy, Gheo-
rghiade, & Butler, 2013). Much smaller pilot trials are even worse
predictors of favorable RCT outcomes.

Third, severely underpowered preliminary efficacy trial reports
often conclude with purported implications for clinical practice
(e.g., Everly, Lating, Sherman, & Goncher, 2016; Redeker et al.,
2015; Wells et al., 2014). Even ones that do not make any such
claims may be cited in subsequent articles or books as providing
evidence of the intervention’s efficacy or clinical value. In addi-
tion, some meta-analyses of intervention research include under-
powered pilot trials (e.g., Chamberlain et al., 2017; Conn, Ruppar,
Chase, Enriquez, & Cooper, 2015; Davies, Spence, Vandelanotte,
Caperchione, & Mummery, 2012; Samdal, Eide, Barth, Williams,
& Meland, 2017). This can create additional opportunities for
small pilot trials to be misinterpreted as providing credible
evidence of efficacy and a rationale for translation to clinical
practice.

In summary, preliminary efficacy pilot trials seldom lead to
full-fledged, adequately powered RCTs, even when the findings
are favorable. When they are followed by RCTs, the results are
often less favorable than those of the pilot trials. Whether they
stand alone in the literature or are eventually joined by larger
RCTs, they tend to be misinterpreted as providing credible evi-

dence of efficacy and of clinical applicability. On balance, prelim-
inary efficacy trials do much more harm than good for the cause of
evidence-based behavioral medicine.

For these reasons, preliminary efficacy reports that are sub-
mitted to Health Psychology tend to get a chilly reception. It
does not get any warmer if the cover letter includes a plea for
special dispensation. The implicit message is typically some-
thing like:

This is a small, severely underpowered pilot study, but please take it
seriously as if it were a full-fledged RCT. And please give us a
break—it’s only a pilot study, after all, so don’t hold it to the same
standards as a full-fledged RCT.

It is hard to abide these self-contradictory requests.

The Power Analysis Problem

Use of pilot results in power analyses. For many years, most
of us believed that it made sense to use the between-groups effect
size from a randomized pilot trial in the power analysis to deter-
mine the target sample size for a larger RCT. The implicit logic
was that the pilot trial’s effect size provided a valid estimate of the
efficacy effect size, and that the reason for conducting a larger trial
was to more convincingly replicate or to confirm the results of the
pilot trial. Ironically, the small size of the pilot trial tended to make
us more rather than less confident in the results and in our chances
of replicating the findings on a larger scale. The assumption was
that if such a small trial could produce statistically significant
results, then the intervention must be very effective.1

These erroneous beliefs were shattered by Kraemer, Mintz,
Noda, Tinklenberg, and Yesavage’s (2006) classic paper entitled
“Caution Regarding the Use of Pilot Studies to Guide Power
Calculations for Study Proposals.” Kraemer and colleagues con-
vincingly argued that the two most likely consequences of using a
pilot study effect size in an RCT power analysis are that the RCT
will never be conducted even if the true effect is clinically signif-
icant, or that the RCT will be too small to detect the true effect,
even if it is clinically significant. Both eventualities greatly dimin-
ish the chances that the efficacy of the intervention will ever be
definitively established.

These problems occur because small pilot trials provide very
inaccurate effect size estimates, especially if the sample is heter-
ogeneous in any way that could affect the outcomes (Piantadosi,
2017, pp. 33–35).2 However, Kraemer et al. (2006) identified an
even more serious problem, which is that pilot study effect sizes
are the wrong ones to use in the first place. They would still be the
wrong ones to use even if they were much more accurate estima-
tors of efficacy effect sizes.

1 Paradoxically, this can work against grant applicants. Large pilot study
effect sizes generate enthusiasm in some reviewers but lead others to
conclude that efficacy has already been established and that a larger trial is
unnecessary.

2 Although small trials yield inaccurate effect size estimates, some of
them can be useful for estimating other parameters that may affect the
sample size requirements of a future trial, such as the variability of
outcome measures or, for cluster-randomized trials, intraclass correlations
(Eldridge, Costelloe, Kahan, Lancaster, & Kerry, 2016; Whitehead, Ju-
lious, Cooper, & Campbell, 2016).
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According to Kraemer et al. (2006), the right effect size to use
in the power analysis for an RCT is the threshold of clinical
significance (TCS). This is the smallest effect that would disturb
the existing state of clinical equipoise, that is, that would decrease
the uncertainty among experts about the relative therapeutic value
of each arm of the RCT. When investigators choose a TCS for a
proposed trial, they must persuade other experts (i.e., grant review-
ers) that the TCS was well chosen. The choice should be justifiable
in relation to previous and planned research, the potential clinical
impact of the intervention, and other considerations such as the
costs, participant and clinician burdens, and potential harms. Se-
verely underpowered preliminary efficacy trials provide little if
any of the information needed to justify the TCS for a full-fledged
RCT.

Preliminary efficacy data have traditionally served two purposes
in RCT proposals: One is to support the argument that the pilot
study effect would be worth finding again in a larger trial, and the
other is that the larger trial probably will find it again. However,
the publication of Kraemer et al. (2006) made it untenable to
assume that preliminary efficacy is reason enough to conduct a
larger RCT or that it tacitly guarantees that an RCT will confirm
the efficacy of a pilot-tested intervention. It also confronted us
with some difficult questions about our interventions and how to
evaluate them. How small of an effect can an intervention produce
and still have clinical value? How can applicants persuade grant
reviewers, or even themselves, that a proposed RCT has a good
chance of yielding informative results if they do not conduct a
preliminary efficacy trial?

Problematic alternatives.
Better estimates of the wrong effect size. Because severely

underpowered pilot trials yield inaccurate effect size estimates,
some investigators assume that it is better to use meta-analytic
effect sizes or the results of well-powered trials as the effect size
inputs for RCT power analyses. Although these sources may
provide more accurate estimates than can be derived from small
pilot trials, they may still be estimates of the wrong effect.

As discussed above, the power analysis for an RCT should be
based on a defensible TCS, not whatever effect happens to have
been obtained in previous studies. Why conduct a trial to detect the
same effect that has already been found in previous studies? This
may be a legitimate goal in some circumstances (Borm, Bloem,
Munneke, & Teerenstra, 2010), such as when a new trial is
conducted to replicate previous findings or when an established
intervention is being tested in a new population. In general, how-
ever, we may be perpetuating an unsatisfactory status quo when we
base a TCS solely on the outcomes of previous trials. This ap-
proach can leave us with new or refined interventions that are no
more effective than the old ones. It is at odds with the immediate
goal of disturbing clinical equipoise and with the overarching
scientific goal of making discernible progress (i.e., by achieving
better outcomes than were possible before).

Arbitrary choices. Ever since Cohen defined small, medium,
and large effect sizes (Cohen, 1962, 1988), these values have often
been used as arbitrary inputs for RCT power analyses, despite
Cohen’s admonition about overreliance on them (Cohen, 1988, p.
12). This practice tempts us choose effect sizes that are large
enough to justify feasible sample sizes even if the hypothesized
effects are implausible, and to conduct trials that are too small to

detect treatment effects that are modest but still clinically relevant
(Reardon, Smack, Herzhoff, & Tackett, 2019).

Moving Forward

Two Effects Are Better Than One

The alternative to our problematic preliminary efficacy tradition
starts with the recognition that RCT proposals should address two
effect sizes, not just one. The first is the TCS, that is, the effect size
that should be used in the power analysis to determine the target
sample size for the proposed RCT. The second is the most plau-
sible effect size, that is, the one that seems most likely to be
obtained if the RCT is conducted. The observed effect size obvi-
ously cannot be known unless and until the trial is conducted, but
before the trial is conducted, a range of effect sizes may be
plausible. Some may be more plausible than others or more cred-
ibly conservative.

If the reviewers of an RCT proposal have been persuaded that
the TCS was well chosen, they must also be persuaded that an
effect as large as or larger than the TCS is a plausible outcome of
the RCT. As illustrated in Figure 1, the most plausible effect size
might be smaller, larger, or equal to the TCS. If it is smaller, it will
be hard to justify the trial and hard for reviewers to believe that the
trial would be worth conducting. If it is at least as large as the TCS,
reviewers are more likely to believe that the RCT has a reasonable
chance of yielding a positive result. If the trial yields an effect as
large as the TCS, it will be not only statistically significant but
clinically significant as well. Furthermore, by defining a TCS, the
investigator is tacitly pledging to conclude that the intervention is
efficacious only if the observed effect size is as large as or larger
than the TCS; that is, statistical significance is necessary but not
sufficient. Thus, the “dual effect” strategy presents reviewers with
a more compelling argument than “our sample will be large
enough conduct a null hypothesis statistical test with adequate
power.” It says to them that “our target sample size is large enough
to give us a reasonable chance of finding a clinically significant
effect.”

Defining the TCS

Efforts to define clinical significance have a long history in
intervention research (D. Revicki, Hays, Cella, & Sloan, 2008;
D. A. Revicki et al., 2006; Engel, Beaton, & Touma, 2018; Kazdin,
1999; Kendall, Marrs-Garcia, Nath, & Sheldrick, 1999; Lemay,
Tulloch, Pipe, & Reed, 2018; N. S. Jacobson, Follette, & Reven-
storf, 1984; N. S. Jacobson, Roberts, Berns, & McGlinchey, 1999;
N. S. Jacobson & Truax, 1991). Much of this work focuses on the
clinical significance of treatment-related change within individuals
(Hsu, 1999). This is an important question, but it is not the one that
must be addressed when choosing the effect size for an RCT power
analysis. The TCS for a clinical trial refers to the difference
between the groups in the primary outcome measure, not to within-
person change. The values that define clinically significant im-
provement within patients and clinically significant differences
between groups are not interchangeable (Dworkin, 2016). Conse-
quently, appropriate methods are needed to define clinically sig-
nificant differences between groups in RCTs of behavioral inter-
ventions. Some of the most useful methods for defining TCSs for
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clinical trials are discussed in several articles by Kraemer and
colleagues (Kraemer & Kupfer, 2006; Kraemer et al., 2003, 2006;
Kraemer, Neri, & Spiegel, 2020).

In these articles, Kraemer and colleagues (Kraemer & Kupfer,
2006; Kraemer et al., 2003, 2006, 2020) recommend a particular
effect size index, the success rate difference (SRD), for between-
groups comparisons. If a patient is randomly sampled from the
treated population (T) and another patient is randomly sampled
from the comparison population (C), the one who has the better
clinical outcome is the called the “success.” The SRD is equivalent
to the difference between the probability that the T patient is the
success and the probability that the C patient is the success. If there
is no between-groups difference whatsoever in the probability of
success, then the SRD value is zero. If everyone in the T group has
a better outcome than everyone in the C group, SRD � 1; con-
versely, if everyone in the C group has a better outcome than
everyone in the T group, SRD � �1. Thus, trial planners typically
expect (or at least hope) to find an SRD that is somewhere between
zero and �1.

The SRD is a remarkably versatile effect size index. It can be
used with normally distributed, ordinal, and time-to-event out-
comes, and conversion formulas are available for Cohen’s d and
for hazard ratios. Its main disadvantage is that it is difficult to for
researchers and clinicians and interpret. Fortunately, SRD is di-
rectly convertible into an effect size index that is easier to interpret,
the number needed to treat (NNT).

In general, lower NNTs are preferable to higher ones. However,
low-cost, low-risk interventions may have relatively high NNTs
and still be useful. Evidence-based NNTs for a wide range of
medical treatments have been posted on https://www.thennt.com/.
It is instructive to compare the NNTs for various treatments,

especially ones that differ in terms of cost, risk, or burden. For
example, low-dose aspirin for secondary cardiovascular prevention
after a heart attack or stroke has an NNT of 50 (Baigent et al.,
2009) and the Mediterranean diet has an NNT of 18 for prevention
of recurrent heart attacks (de Lorgeril et al., 1998). In other words,
for every 50 patients who take low-dose aspirin or for every 18
patients who adhere to the Mediterranean diet, approximately one
patient will be spared from having a heart attack that would have
occurred without the aspirin or the diet. Thus, relatively few
patients will have better cardiovascular outcomes with than with-
out these treatments, but since they are relatively inexpensive and
safe, they still play important roles in secondary prevention.

The NNT for a relatively expensive, intensive, time-consuming,
or otherwise burdensome behavioral intervention would probably
have to be much lower than 50 to convince patients and other
stakeholders that it is worth providing as part of clinical care.
Fortunately, some of the evidence-based behavioral interventions
that we currently have to offer do have much lower NNTs than that
of low-dose aspirin. For example, a recent meta-analysis of 64
Internet-delivered cognitive behavior therapy (CBT) trials for ma-
jor depression, panic disorder, social anxiety disorder, or general-
ized anxiety disorder yielded an NNT of 2.34 (Andrews et al.,
2018).

As these examples illustrate, the clinical significance of
between-groups differences in RCTs can be evaluated in terms of
how much more likely patients are to benefit from the treatment
than from the comparison condition, and what it takes to produce
this benefit in terms of time, money, or other sorts of costs and
risks. If other treatments for the same problem or disorder are
available, the clinical significance of a novel treatment can also be
judged by comparing the NNTs of the novel and existing treat-

Figure 1. Plausibility of a hypothesized effect size The threshold of clinical significance (TCS) is the smallest
between-groups difference that would disturb clinical equipoise, that is, that would be consistent with a clinically
meaningful difference between the intervention and comparator arms. The TCS bar represents the hypothesized
effect size used in the power analysis for a proposed randomized controlled trial. The other bars represent a range
of possible scenarios regarding whether an effect as large as the TCS is a plausible outcome of the proposed trial.
The effect size is expressed on the Y-axis in success rate difference (SRD) units. Unless previous studies and/or
preliminary data suggest that a difference as large or larger than the TCS is a plausible outcome, the proposed
trial may be hard to justify, and reviewers may doubt its chances for success. See the online article for the color
version of this figure.
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ments, assuming that they have been tested against similar com-
parators.

Establishing Plausibility

Perceived plausibility. When an investigator hypothesizes
that the difference between groups will be equal to or greater than
the TCS, the next question is whether an effect as large as that is
plausible. In other words, does an effect that large seem likely to
be obtained, assuming that the trial is well designed and rigorously
executed? Investigators usually believe that the effect they are
hypothesizing is plausible; this belief undergirds their decision to
propose an RCT. However, the plausibility of the hypothesized
effect is in the eye of the beholder, and the key beholders of RCT
proposals are its reviewers. The applicant must persuade them that
an effect as large as the TCS is a plausible outcome of the
proposed RCT because if the observed effect turns out to be
smaller than that, the trial is unlikely to have much of an impact.
Thus, the reviewers’ perception of the potential impact of the
proposed trial depends on the plausibility of the hypothesized
effect.

Equipoise has been defined in a variety of ways, but the classic
definition asserts that clinical equipoise exists if there is substantial
uncertainty within the expert community about the comparative
values of the alternatives that will be tested in an RCT (Freedman,
1987). If the experts who review an RCT grant proposal are quite
certain about how a trial would turn out if it were conducted, they
will probably not give it a favorable score. This is true whether
they strongly believe that there will be no significant difference
between the groups or that the intervention will turn out to be very
clearly superior to the comparator. It is also true if the objective of
the study is to attempt to replicate established effects. If the
outcome seems to be a foregone conclusion, the reviewers will
probably think that the proposed trial is not worth conducting.

Thus, the hypothesized effect size can seem utterly implausible,
entirely too plausible, or somewhere in between. Reviewers who
are in perfect internal equipoise about a trial think that its chance
of success (i.e., the chance that the trial will yield an effect as large
as the TCS) is about 50/50. However, complete uncertainty does
not engender much enthusiasm among reviewers. Those who guess
that the chance of success is higher than 50/50 will be persuaded
that an effect as large as the TCS is at least plausible. Those who
guess that the chance is quite a bit higher than 50/50 may be more
enthusiastic about the proposed trial. However, those who think
that the chance of success is too high may conclude that the trial
is unnecessary. Therefore, to make a strong argument for the
plausibility of the hypothesized effect size, applicants must per-
suade reviewers that the chance of success is better than 50/50 but
nowhere near 100%.

What does it take to move reviewers away from complete
uncertainty or even skepticism about a predicted or hypothesized
effect and toward the sense that it is a plausible or very plausible
result?3 Preliminary studies can provide valuable evidence, but
persuasive arguments also depend on information about the scien-
tific credibility of the intervention and on what might be called
“comparables,” to borrow a term from real estate.

Scientific credibility. Scientists who review extramural re-
search grants for the National Institutes of Health or other major
funding agencies tend to be very skeptical about interventions that

they think are premised on pseudoscience, vague theories, baseless
commercial claims, or other dubious grounds. Conversely, they
often see promise in interventions that are built on a solid foun-
dation of behavioral and social science. Imagine, for example, that
a review panel receives two RCT grant applications that are very
similar and that propose the same TCS but that aim to test different
interventions for the same problem. One would test an intervention
that is based on well-established findings from behavioral econom-
ics research (e.g., Asch et al., 2015). The other would test thought
field therapy (Callahan, 2001), an intervention that many experts
consider to be a fringe psychotherapeutic practice (Lilienfeld,
Lynn, & Lohr, 2015; Lilienfeld, Ritschel, Lynn, Cautin, & Latz-
man, 2014). All else being equal, most reviewers would think that
the first intervention is more credible than the second and that it is
more likely to be efficacious. Thus, interventions that are rooted in
T1 translational research (Fort, Herr, Shaw, Gutzman, & Starren,
2017) tend to be viewed as more scientifically credible than other
interventions.

Evidence that an intervention has undergone a systematic, early
phase, development, refinement, and evaluation process can also
enhance its scientific credibility. Several recently developed
frameworks can be used to make early phase intervention research
more systematic and productive. For example, the multiphase
optimization strategy can be used to screen out ineffective com-
ponents of complex behavioral interventions (Collins, Murphy,
Nair, & Strecher, 2005); the NIH Science of Behavior Change
framework can be used to identify and measure underlying mech-
anisms that can be targeted to change health behaviors (Nielsen et
al., 2018); and a framework developed by Voils et al. (2014) can
be used to optimize the dose (i.e., frequency, amount, and/or
duration) of a behavioral intervention. Novel interventions that
have been systematically developed and refined within these types
of frameworks tend to be viewed as more scientifically credible
than ones that emerge fully formed from personal or clinical
experiences, untested theories of health behavior, popular culture,
or traditional healing practices.

Many informative trials test interventions that are not novel or
innovative, such as when the efficacy of a well-established inter-
vention is evaluated in a different population than the one(s) in
which it has typically been used. For example, many behavioral
interventions for medically ill patients are borrowed from research
conducted in psychiatric patient populations (e.g., Freedland, Car-
ney, Rich, Steinmeyer, & Rubin, 2015). Evidence of systematic
development and refinement may be less important when testing
well-established interventions than when testing novel ones. Nev-
ertheless, intervention development and dose-finding frameworks
such as the ones discussed above can be used to adapt established
interventions for use in new populations. For instance, medically
ill patients may respond better to a shorter or more flexible version
of an intervention than the original one that healthier individuals
are able to tolerate. Thus, there are circumstances in which the
credibility of a well-established intervention can be enhanced

3 Ioannidis (2005) presents an analysis of factors that affect the pretrial
probability that the hypothesized effect is true. The relationship of this
probability to reviewer perceptions of plausibility is not well understood,
but relevant research undoubtedly helps to shape these perceptions.
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through the kinds of early phase studies that are usually associated
with novel or innovative interventions.

Comparables. Progress in behavioral intervention research
tends to be incremental; dramatic breakthroughs are rare. Conse-
quently, reviewers are likely to view a predicted effect as implau-
sible if it is dramatically larger than the ones that have been found
in previous studies. However, if the proposal is to test a novel
intervention or an adaptation of an established one, there may not
have been any rigorous trials of the same intervention for the same
problem in the same patient population. In this situation, reviewers
might compare the predicted effect size to the results of trials of
other treatments for the same problem, or of similar treatments for
other problems or populations. This is analogous to the real estate
practice of comparing the sale price of a house to comparables, that
is, the market values of similar properties in the same neighbor-
hood.

Given the manifold demands of the grant review process, re-
viewers may have to rely on their existing fund of knowledge
about relevant studies or meta-analyses rather than conducting a
literature review of their own if the applicant does not do it for
them. Thus, applicants should consider presenting some compa-
rables from the literature to help to build a case for the plausibility
of the effect they are hoping to obtain in their proposed RCT.

Preliminary data. If preliminary efficacy trials are ill-
advised, can other kinds of preliminary studies be used to support
the plausibility of a predicted effect? One possible solution is to
conduct a small randomized trial but without conducting a statis-
tical test of the between-groups difference and without claiming
that the results show preliminary evidence of efficacy. The confi-
dence interval around the between-groups difference will probably
be very wide and it may be highly skew. If the TCS is somewhere
within this interval, the predicted effect might seem plausible, but
it might not. As an example, consider a research team that has
defined the TCS for a proposed trial as SRD � .20. Their small
preliminary trial produces an effect size of SRD � .25, which
suggests that an effect as large as the TCS would be a plausible
outcome of the larger trial they hope to conduct. However, the
confidence interval around the preliminary study effect ranges
from .10 to .75. Some reviewers might see the .25 as encouraging,
but others might see the .10 as a reason to doubt the plausibility of
the predicted effect. Thus, investigators who adopt this strategy are
gambling that the reviewers will find the central tendency more
persuasive than the lower confidence limit. This could be a risky
strategy.

The NIH-funded Obesity-Related Behavioral Intervention Trials
(ORBIT) Consortium recently developed a translational research
model for developing and testing behavioral interventions for
chronic diseases (Czajkowski et al., 2015). The ORBIT model
recommends “proof-of-concept” studies as an efficient, cost-
effective way to determine whether an intervention merits more
rigorous and costly testing in an adequately powered RCT. Proof-
of-concept studies do not focus on preliminary efficacy (i.e.,
between-groups effects). Instead, they evaluate whether the inter-
vention can produce clinically significant improvement within
individuals.

One way to do this is via a small, uncontrolled or “open label”
trial of the intervention. In some areas of research, another ap-
proach would be to conduct a series of single-subject (N � 1)
studies (Kazdin, 2011; Ridenour & Tueller, 2019; Shaffer,

Kronish, Falzon, Cheung, & Davidson, 2018). Either way, the
investigator first defines a clinically significant level of improve-
ment (e.g., 50% decrease in a depression scale score relative to
baseline) or a clinically significant target value (e.g., 80% adher-
ence to a medication), and then determines whether treated par-
ticipants reach this level or target. If many or most of the partic-
ipants reach the desired level or target, this provides some
encouraging support for a Phase II trial of the intervention. It is
more encouraging if this degree of improvement is uncommon in
clinical practice or in historical controls.

Another way is to use exploratory data from trials of mechanis-
tic targets or of surrogate or intermediate outcomes that are on the
hypothesized path to the primary outcome of an anticipated trial.
For example, intentions to engage in physical activity are consid-
ered to be a modifiable mechanistic target in exercise intervention
research (Rhodes & Dickau, 2012; Rhodes & Rebar, 2017). A
research team might start by conducting a Phase I or early Phase
II trial of physical activity promotion program that is designed to
strengthen exercise intentions. The primary outcome would be a
measure of intentions, and the amount of activity might be an
exploratory outcome. This trial would have adequate power for the
primary outcome but not for the exploratory outcome. Neverthe-
less, the exploratory data could be used to determine whether
increases in intentions are followed by increases in exercise, and if
so, to assess the magnitude of the change in exercise behavior.
Favorable findings could be used in the RCT proposal as prelim-
inary evidence that the intention-focused intervention yields
enough change in physical activity to justify a larger trial with
exercise as the primary outcome and intentions as an intermediate
(secondary) outcome. This type of preliminary trial is an RCT in
its own right, not a pilot study, and it should be large enough to test
its primary hypothesis with adequate power (Whitehead, Sully, &
Campbell, 2014).

Establishing Feasibility

Feasibility studies. If a trial is not feasible to conduct, it
cannot yield informative results. Thus, the plausibility of a clini-
cally significant finding is predicated on the trial’s feasibility.
What does it take to persuade reviewers that a proposed trial is
feasible? For that matter, what does it take for investigators to
persuade themselves that a trial they would like to propose is going
to be feasible?

In the faulty logic of the preliminary efficacy tradition, the
completion of a small, underpowered preliminary efficacy trial
suggests ipso facto that a much larger trial is feasible. This is like
claiming that running a mile proves that one is ready to run a
marathon. A more valid way to assess the feasibility of a proposed
trial is to conduct a feasibility study.

A feasibility study may not be necessary if a research team’s
recent projects have already shown that their next project is fea-
sible, or if the anticipated RCT is an inexpensive, low-risk study
such as one in which volunteers will be recruited from an under-
graduate subject pool for a brief intervention. In contrast, if the
anticipated RCT will entail larger investments of time and funding,
if its feasibility is uncertain, or if preliminary data are needed to
inform the choice of an outcome measure or other design decisions
(Blatch-Jones, Pek, Kirkpatrick, & Ashton-Key, 2018; Lancaster,
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Dodd, & Williamson, 2004), then a feasibility study may be
necessary.

Until recently, there was no consensus about what feasibility
studies should be designed to accomplish or what they should be
called (Arain, Campbell, Cooper, & Lancaster, 2010). That began
to change when an expert panel formed to develop a feasibility
study extension to the Consolidated Standards of Report Trials
(CONSORT; Eldridge, Chan, et al., 2016). The panel produced
consensus definitions and a checklist (Thabane et al., 2016). Based
on Delphi surveys and consensus meetings, they agreed that “ . . .
all pilot studies are feasibility studies but that some feasibility
studies are not pilot studies” (Eldridge, Lancaster, et al., 2016, p.
11). They also defined three types of feasibility studies: (a) Ran-
domized pilot studies are ones in which an anticipated RCT is
conducted on a smaller scale to determine whether it can be done.
(b) Nonrandomized pilot studies are feasibility studies that do not
involve randomization of participants, but that do expose partici-
pants to the intervention. Some nonrandomized pilot studies in-
clude comparator arms but others do not. (c) Feasibility studies
that are not pilot studies investigate certain aspects of RCT fea-
sibility but do not implement the intervention. A data-mining study
of a hospital’s electronic medical records to determine the size and
characteristics of the pool of potential participants in an anticipated
trial is an example of a feasibility study that is not a pilot study.

Thus, a randomized pilot study is a feasibility study, but one
with a distinctive feature: It has the same design as the anticipated
RCT, including random assignment of participants to the same
intervention and comparator arms. There may be peripheral dif-
ferences between the pilot and main trial such as different lengths
of follow-up, but the randomized pilot study is essentially a
smaller version of the anticipated trial with respect to core design
features.

The designs of randomized pilot studies and preliminary effi-
cacy trials are indistinguishable. Unlike preliminary efficacy trials,
however, randomized pilot studies as defined in the CONSORT
extension do not include statistical tests of efficacy hypotheses,
and they do address specific feasibility questions such as whether
it will be possible to recruit enough participants for the anticipated
RCT or whether protocol adherence will be adequate. These ques-
tions are addressed by setting feasibility criteria and evaluating
whether they can be met.

This is possible only if the investigators have a formative plan
for the efficacy trial. In particular, they must have chosen its
design and comparator, and they should have a rough estimate of
its target sample size. This is necessary because randomized pilot
studies should answer concrete, practical questions about the fea-
sibility of a specific, anticipated RCT. For example, if the inves-
tigators have a rough estimate of the target sample size that will be
needed for the efficacy trial, and if they know the approximate
duration its enrollment phase, they can determine the enrollment
rate (e.g., the number of enrollments per month) that they will
probably have to achieve. This rate becomes the enrollment fea-
sibility criterion in the pilot study. The pilot study will probably
have a much shorter enrollment phase than the anticipated trial.
Nevertheless, if the enrollment rate in the pilot study meets or
exceeds the enrollment rate that will be required for the anticipated
trial, this suggests that the anticipated trial is feasible, at least in
terms of enrollment. Thus, it is the achievement of the enrollment

rate criterion that suggests feasibility, not the total sample size of
the pilot study or the mere fact that a pilot study was conducted.

The fallibility of feasibility. Evidence of feasibility does not
guarantee that the anticipated trial will unfold as planned; unex-
pected challenges and setbacks are commonplace in clinical trials.
It is not unusual, for example, for recruitment to be more difficult
in the second half of a trial than in the first half. Thus, the
achievement of an enrollment rate criterion in a brief pilot study
can lead to overoptimistic expectations about the feasibility of an
anticipated trial. Although the achieved enrollment rate is a de-
scriptive statistic, a confidence interval around the rate can be
calculated to give the reviewers and the investigators themselves a
sense of how much worse (or better) the enrollment rate might be
in the anticipated trial than in the pilot study. A recent review
found only modest bias in external pilot trials as predictors of RCT
randomization rates and attrition, but the confidence intervals were
very wide (Cooper, Whitehead, Pottrill, Julious, & Walters, 2018).

Confidence intervals are inferential statistics, but inferences
based on feasibility data are unlike ones based on other kinds of
studies. In most other studies, data are collected on a sample of
participants drawn from a larger population, to support generaliz-
able inferences about the whole population. In contrast, feasibility
studies are conducted to support inferences about the researchers
themselves and about the environment in which their anticipated
trial will be conducted. They address questions such as whether the
research team will be able to recruit enough patients from the
hospitals or clinics where they plan to enroll participants for their
trial. Feasibility studies seldom support inferences about other
research teams working with other patients in other environments.
It would be unusual to conclude, for example, that because we are
able to recruit enough participants at our center for our study, other
researchers working at other centers will therefore be able to
recruit enough participants at their centers for their studies.

There is nothing wrong with that, except that it means that the
results of some feasibility studies may not be of much interest to
anyone other than the reviewers of the RCT proposal and the
investigators themselves. This can make it difficult to publish the
results.4 A feasibility study may be more publishable if it includes
some elements that would be of interest to a broader audience,
such as data bearing on how to overcome common recruitment or
retention challenges. However, it should not include a severely
underpowered statistical test of the efficacy of the intervention.

Feasibility studies versus other preliminary studies. If a
feasibility study is needed, it is usually the last preliminary study
before the RCT is proposed. If other kinds of preliminary studies
such as dose-finding or proof-of-concept studies are needed, they
usually precede the feasibility study. In fact, some funding oppor-
tunities discourage investigators from interposing additional stud-
ies between a feasibility study and submission of an RCT proposal.
For example, the National Heart, Lung, and Blood Institute’s
Clinical Trial Pilot Studies announcement (PAR-18–463) states
that completion of the pilot study’s specific aims should provide
results that are both necessary and sufficient to make a final
decision about the subsequent trial.

4 The difficulty of publishing typical feasibility studies in journals such
as Health Psychology is one of the reasons why the Pilot and Feasibility
Studies journal was launched in 2015.
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Many investigators are reluctant to limit the aims of their final
preliminary study to questions about feasibility, and there are
disincentives to do so. First, as noted above, it can be difficult to
publish reports that focus solely on practical questions about the
feasibility of a trial. Second, some reviewers of exploratory/devel-
opmental (R21) or planning (R34) grant applications may not be
very enthusiastic about proposals that are limited to feasibility
aims. However, difficult questions can arise about the compatibil-
ity of the feasibility aims and the other aims of these applications.

For example, an applicant might propose to conduct a study that
would serve both as a proof-of-concept test of the intervention and
as a feasibility pilot study. Some reviewers may view the effi-
ciency of this combination as a strength, but others may see it as
a weakness. They would see it that way if they believe that it
would be premature to investigate the feasibility of an RCT before
the investigator has established that the intervention is promising
enough to justify testing its efficacy in an RCT. However, this
objection may be less likely to arise if the investigator has already
produced some promising proof-of-concept data and plans to use
the proposed feasibility pilot study as an opportunity to collect
some additional proof-of-concept data.

Also, some of the “feasibility” or “feasibility pilot” study reports
that are submitted for publication are not about feasibility as
defined by the CONSORT extension. In other words, they do not
examine the feasibility of a specific, anticipated (i.e., planned or
proposed) RCT. Instead, they investigate questions about the fea-
sibility of the intervention itself (e.g., Barry et al., 2019). These
studies tend to address questions such as whether therapists or
counselors can deliver the intervention as intended and whether the
patients find it to be acceptable and are willing to complete the
program. These are certainly important questions, and the feasi-
bility of a future RCT may very well depend on affirmative
answers to them. However, if a study focuses primarily on ques-
tions about the intervention per se rather than on questions about
the feasibility of an anticipated trial, it would be better to frame it
as a Phase I intervention development or refinement study rather
than as a feasibility or feasibility pilot study.

Advantages and Disadvantages

The traditional approach to pilot testing offered a simple and
appealing solution for preliminary trial data. It ostensibly provided
“preliminary evidence of efficacy,” an effect size to plug into our
RCT power analysis, evidence that our proposed RCT is feasible,
and potentially publishable results, all in one convenient study. But
as has been said before, “ . . . there is always an easy solution to
every human problem—neat, plausible, and wrong” (Mencken,
1949, p. 443).

The alternative recommended in this report is more complicated.
It requires us to consider some difficult questions about the aims,
probative value, limitations, and publishability of our preliminary
studies; about information that must be gleaned from sources other
than small pilot trials; and about what is at stake when we propose
RCTs of health-related behavioral interventions. In some cases, the
alternative approach may entail a series of different kinds of
preliminary studies with different purposes and designs. In other
cases, it may not require any “preliminary” studies at all, such as
when one full-fledged trial sets the stage for the next full-fledged

trial. Thus, unlike the traditional approach, the alternative is not a
simple, “one size fits all” solution.

However, the alternative also has some clear advantages. Inves-
tigators can tailor this approach to the unique needs of their
research program and use it to answer a variety of questions that
tend to come up when behavioral RCT proposals are reviewed. It
can help to eliminate the problems that preliminary efficacy trials
create, and it encourages researchers to take full advantage of the
translational models and optimization frameworks that have been
developed to improve behavioral intervention research. It can also
help to increase our adherence to evolving methodological
standards for pilot studies and for RCTs. In short, we have
much more to gain than to lose from ending our traditional
reliance on preliminary efficacy trials and adopting more con-
temporary translational research models and intervention opti-
mization frameworks.

Recommendations

Clinical inertia is a well-known phenomenon in medical prac-
tice; it occurs when physicians recognize treatable problems in
their patients but fail to initiate or intensify appropriate treatments
(Phillips et al., 2001). Many of us have experienced what might be
called methodological inertia regarding preliminary research on
behavioral interventions. Since the publication of Kraemer et al.’s
classic cautionary paper (Kraemer et al., 2006), it has been clear
that something was fundamentally wrong with our traditional ideas
about pilot studies, effect sizes, and power analyses for efficacy
trials. Since Thabane, Eldridge, Leon, and others started providing
expert guidance on feasibility and pilot studies (e.g., Eldridge,
Chan, et al., 2016; Leon, Davis, & Kraemer, 2011; Thabane et al.,
2010), we have known what these studies should look like and
what their aims should or should not be. And since the emergence
of translational models, optimization frameworks, and dose-
finding methods for behavioral intervention research (e.g., Collins,
Murphy, & Strecher, 2007; Czajkowski et al., 2015; Michie, van
Stralen, & West, 2011; Nielsen et al., 2018; Onken, Carroll,
Shoham, Cuthbert, & Riddle, 2014; Voils et al., 2014), it has been
clear that a variety of different kinds of studies can help to lay the
groundwork for efficacy trials, yet many of us still see traditional
pilot trials as the be-all and end-all of preliminary intervention
research.

Methodological inertia means that we are slow and reluctant to
change longstanding beliefs and research practices; it does not
mean that we are incapable of doing so. We can change our
thinking, at least eventually, when new empirical findings chal-
lenge established facts. We can do the same when methodological
advances challenge established research paradigms. The following
recommendations are offered in that spirit.

Recommendations for Researchers

• Do not conduct preliminary efficacy trials that are severely
underpowered by design.

• Use suitable translational research models and/or interven-
tion optimization frameworks to guide the preliminary
study or studies that lead up to an RCT proposal.

• Contextualize the aims and foreseeable limitations of pre-
liminary studies within these models when you discuss
them in RCT proposals or report them in articles.
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• Reserve terms such as “randomized pilot study” or “ran-
domized pilot trial” for studies that meet the CONSORT
definition of randomized pilot and feasibility trials.

• Use terms that are consistent with applicable translational
models or optimization frameworks for other kinds of
preliminary work (e.g., proof-of-concept studies).

• Carefully define and justify a TCS for an anticipated RCT
and use it in the power analysis for the RCT proposal.

• Cite and/or generate evidence to support the scientific
credibility of the intervention, the plausibility of finding
an effect as large as the TCS, and the feasibility of the
RCT.

• Do not propose or conduct RCTs that are severely under-
powered by design; this includes preliminary trials (e.g.,
trials with mechanistic or intermediate outcomes) that are
designed to pave the way for more definitive trials with
clinically important outcomes.

Recommendations for Grant Reviewers

• Do not expect or encourage applicants to conduct prelim-
inary efficacy trials or to use preliminary efficacy data as
effect size inputs for power analyses in RCT proposals.

• Do not look to preliminary efficacy data for tacit assurance
that a proposed RCT will confirm the efficacy of the
intervention.

• Consider instead whether the application provides persua-
sive reasons to move from skepticism or complete uncer-
tainty about the feasibility and potential value of a pro-
posed RCT toward a judgment that the RCT seems both
feasible and worth conducting.

• Expect applicants to define and justify a TCS or the
smallest between-groups difference that would be worth
finding, given the objectives of the research, and to in-
clude this value in the power analysis and statistical anal-
ysis plan.

• Do not expect this value to be based primarily (if at all) on
a randomized pilot trial.

• Recognize that recent developments in translational re-
search models, optimization frameworks, and reporting
guidelines have opened the door to a variety of different
kinds of preliminary research on behavioral interventions,
and that they are replacing some of the ways that research-
ers have traditionally laid the groundwork for their RCT
proposals.

Recommendations for Article Reviewers and
Journal Editors

• Take grossly inadequate sample sizes and other method-
ological weaknesses seriously, even when authors ask you
to overlook them by labeling their reports as being based
on “pilot studies” or “preliminary research.”

• Do not ask or allow the authors of bona fide randomized
pilot trials, as defined by the CONSORT extension, to
report severely underpowered tests of efficacy hypotheses.

• Be duly critical of preliminary efficacy trials.
• Judge preliminary studies of behavioral interventions in

terms of whether they help to lay the groundwork for an

anticipated, full-fledged, efficacy or effectiveness trial that
(at least provisionally) seems to be worth conducting, not
in terms of the potential clinical impact or public health
significance of the preliminary work itself.

Summary and Conclusion

Although preliminary studies of behavioral interventions may
seem easier to design, conduct, and review than full-fledged RCTs,
they are not necessarily any easier. Confusion, uncertainty, and
misguided thinking about preliminary studies are common prob-
lems in our field, and the preliminary efficacy tradition has held us
back for many years. Fortunately, recent methodological develop-
ments have started to move our field in a better direction. Adoption
of the recommendations provided in this report can help to accel-
erate this positive trend.
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