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Abstract

Public health researchers and practitioners are calling for greater focus on
external validity, the ability to generalize findings of evidence-based inter-
ventions (EBIs) beyond the limited number of studies testing effectiveness.
For public health, the goal is applicability: to translate, disseminate, and im-
plement EBIs for an impact on population health. This article is a review of
methods and how they might be combined to better assess external valid-
ity. The methods include (a) better description of EBIs and their contexts;
(b) combining of statistical tools and logic to draw inferences about study
samples; (c) sharper definition of the theory behind the intervention and core
intervention components; and (d ) more systematic consultation of practi-
tioners. For population impact, studies should focus on context features that
are likely to be both important (based on program theory) and frequently en-
countered by practitioners. Mixed-method programs of research will allow
public health to expand causal generalizations.
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INTRODUCTION

Programs, policies, and practices that have been tested for effectiveness are termed evidence-based
interventions (EBIs). Public health professionals urgently seek to address the challenge of external
validity: the extent to which researchers can generalize about the effects of EBIs across variation in
populations, settings, treatments, measurements, and historical periods (11, 23, 76). The purposes
of this article are to explore reasons that external validity receives so little attention and to describe
methods to address the challenges. Two strong and widely used public health interventions are
used throughout to illustrate these issues and some ways forward: HIV prevention and home
visiting for vulnerable pregnant women and young families (2, 14, 57).

The Problem

The sense of urgency stems from practitioners’ need to apply EBIs in real-world situations in
order to improve the health of populations. Urgency also stems from policy makers’ recognition
that dissemination by itself is not sufficient for widespread and high-quality implementation of
EBIs (40–42, 85) and from researchers who want to replicate a study or conduct systematic reviews
of EBIs (37). Yet, little research attention is paid to external validity of EBIs.

Federal, state, and privately supported registries encourage practitioners to use EBIs, whether
through endorsement, technical assistance, or funding (12, 14, 15, 20, 25, 73, 84, 87). To better
achieve their aims, the registries need to match their focus on tested interventions with more
focus on external validity. In principle, registries aim to give guidance so that practitioners do not
waste their time and to ensure that public resources are spent wisely. Yet, a simplistic assumption
underlying the registries is that an EBI found to be effective in a limited number of studies
will probably be effective in other contexts. Practitioners are supposed to select EBIs that seem
to fit their situation. However, the information to support these EBIs is not sufficient to assist
practitioners. The populations, settings, and implementation issues presented in the real world
of public health practice and policy are more various than the contexts in which the EBIs were
originally studied (50); hence application of the EBIs in new settings has unknown external validity,
and guidance is lacking about how to address these variations. For applying all but the very simplest
EBIs, this situation poses a serious barrier.

Calls for Greater Attention to External Validity

Across many policy sectors, practitioners are asking for more information about external validity.
In medicine, the details of EBIs and their contexts are often so poor that clinicians cannot possibly
judge whether the results apply to particular kinds of patients (37, 72). Public health practitioners
have a similar difficulty in generalizing EBIs to a variety of populations and communities (78).
The systematic reviews that guide the designation of EBIs often do not attend to external validity
(3, 66). In youth development, most reports of EBI evidence provide at least some description
of study participants, but relatively few reports describe the study settings, how the EBIs were
implemented, or the EBIs’ cost (47). A systematic review of leading economics journals indicates
that external validity considerations are simply missing from reports of effectiveness that might
strongly influence policy (68). Year after year, the Community Preventive Services Task Force
addresses external validity under the rubric of “Applicability” (20) and, year after year, reports the
lack of information to Congress:

Even when enough evidence exists for the Task Force to recommend an intervention, information may
be missing that could help users decide if the intervention will work in their specific setting or meet
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their unique needs. Among the 13 interventions the Task Force recommended in FY 2015, a number
of evidence gaps repeatedly surfaced:

� Were the interventions effective in rural settings?
� Did effectiveness differ by race, ethnicity, age, disability, education, income, or insurance status?
� Which components of the interventions are essential for the interventions to be effective? What

other components or combinations of components can increase effectiveness?
� Does effectiveness differ according to the way the intervention is delivered (e.g., the length of

the program, face-to-face versus telephone, instructor-to-learner ratio)? (21, p. 2)

Overview of the Article

Barriers to knowledge about external validity include confusion over its formal definition, thorny
problems of sampling, and an ongoing need to attend to the logic of causal generalization and
inductive inferences. They also include poor descriptions of EBIs themselves and a lack of infor-
mation about the underlying principles, program theory, and core components.

Bodies of evidence in public health can help mitigate these barriers: the living, growing knowl-
edge bases about interventions and classes of interventions. In the twenty-first century, it is no
longer necessary to rely on single studies to assess either internal or external validity. In fact, one
should not do so, given the likely flaws in any single study. Bodies of evidence lend themselves to
systematic reviews and identify important gaps in knowledge. Bodies of evidence give indications
of how robust an effect may be when EBIs are applied to different populations, settings, systems,
and time periods. Most important for external validity and public health practice, bodies of ev-
idence include a wide range of study types—randomized experiments or quasi-experiments, but
also implementation studies, surveys, and qualitative information—that provide essential informa-
tion. For this reason, bodies of evidence are critically important for construct validity as well. They
assist with better classification of context features, provide explanations for the roles of context
features in affecting outcomes, and focus attention on those features that matter to effectiveness.

With focus, it is possible to better understand features of context that matter to external validity.
To improve population-level impacts from EBIs in public health, the focus should be on context
features that are likely to be

� important, based on prior information about the theory behind the intervention (program
theory) as well as practice experiences that further specify core components, and

� frequently encountered in practice, such as barriers, opportunities, and adaptations in re-
sponse to these features.

These are the areas in which expanding on generalizations will have the largest impact on public
health (36, 45, 54). Setting priority on these features will require studies of effectiveness but also a
range of other types of studies. It will incorporate practitioner experiences systematically in those
studies, adding practice-based evidence to evidence-based practice (41, 42).

WHY IS ASSESSING EXTERNAL VALIDITY SUCH A CHALLENGE?

The Logic of Causal Inference and Causal Generalization

Establishing credible evidence of effectiveness depends on internal validity (11, 23, 76). Internal
validity is defined as the extent to which a causal inference is warranted about an intervention’s
effects. Research designs including randomized trials and strong quasi-experiments systematically
eliminate biases that pose alternative explanations for the results, the well-known threats to internal
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validity (11, 23, 76). Although these research designs have been challenged many times, no credible
standards for causal inference have replaced them (77). Research on effectiveness gives priority
to internal validity in order to be certain about effectiveness in the first place. Yet, in individual
studies, a focus on internal validity often limits external validity (38, 52, 56). As seen below, tests
of effectiveness require limiting the variation in populations, settings, treatments, and measures,
whereas assessment of external validity requires expanding such variation.

In contrast with the deductive logic of internal validity, external validity depends on inductive
logic. Inductive logic is based on probabilities, not certainty (24).1 One can be fairly certain
about the necessary conditions for an EBI to produce an effect, but certainty about the sufficient
conditions is not possible because the EBI cannot be tested under all possible conditions. Applied
social research has difficulty contending with this problem, common responses being a shrug and
“this is important, but there are few good answers.”

The Need for Better Description of Interventions and Context

Journals rarely give enough space to describe the details of implementation and context, although
some acknowledge the problem and are starting to provide space online for the details (42). Re-
porting guidelines increasingly ask for these details (10, 46; http://www.squire-statement.org/).
With such details, individual practitioners can better exercise judgment about whether their own
context is sufficiently similar to those in which the EBI was tested. Unfortunately, there is little
agreement beyond a need for better description. A recent literature review identified 25 frame-
works to assess external validity, applicability, or transferability in health research. None of them
covered all the reviewers’ criteria for assessment, and none of them demonstrated perceived utility
for the reader (10).

Underdeveloped Program Theory and Construct Validity

Better descriptive frameworks to assess generalizability would be helpful, but they are not enough.
A general failing of descriptive frameworks is their focus on surface similarity: attending to fea-
tures that are most readily available on the surface. These may not be the features that make
an EBI effective; indeed, some notable failures to replicate based on simple descriptions support
this contention (28). Program theory specifies the core components of an EBI (also known as
essential program elements as distinct from peripheral or incidental program elements) (44). Core
components are necessary to achieve intermediate program objectives. Core components may be
prosaic (e.g., making families aware of their eligibility to participate in home-visiting programs),
but they can also bring about the moderators of intervention effects (e.g., staff development and
monitoring to assure high-quality implementation) or the mediators of an effect (e.g., home vis-
iting addresses the individual needs of those served, which is hypothesized to improve parenting
and child outcomes) (57). Unfortunately, program theory appears to be badly underdeveloped in
many outcome studies of prevention interventions for physical and mental health, as seen in two
systematic reviews (27, 30), as well as a scan of EBIs for violence prevention (67). Criteria are
lacking to define the core components (8), and even when core components are defined, the actual
strength and integrity of the intervention-as-implemented are usually not reported.

The underlying challenge involves construct validity: the ability to make inferences from spe-
cific activities back to the theoretical concepts on which they were based (11, 23, 26, 76). Although

1Of course, statistical estimation is always a matter of probabilities.
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construct validity is often discussed as a measurement issue, in fact it applies just as much to
treatments: assessing whether theory has been made operational. As in measurement, the chal-
lenge is to infer from specifics back to underlying concepts. Knowledge about construct validity
is essential to expanding knowledge about external validity (11, 23, 26, 76). Assessing surface sim-
ilarity is important, but attention to the underlying theoretical constructs helps to extend causal
generalizations with more confidence (see below).2

Because program theory is underdeveloped for many EBIs, practitioners often state that they
cannot do the EBI by the book. Manuals of operations often do not have the flexibility to offer
guidance for common barriers. When practitioners then have to adapt EBIs in order to respond
to the situation, it is unclear whether the adaptation is still consistent with the core components or
whether the adapted EBI has enough strength to bring about the desired effect. Consistency and
adequate strength of core components are termed fidelity to the EBI. Assessing fidelity is a key area
of concern not only for external validity, but also for the construct validity of the EBIs themselves.

The Fallacy of Generalizing from Limited Samples

Guidance from EBI registries assumes that EBIs that were tested in a small number of contexts
would be effective in a wider variety of contexts. This assumption is simply wrong on empirical
grounds—for example, Hawe (44) describes failures to replicate several EBIs, not to mention the
inconsistent or even contradictory effect sizes that appear in systematic reviews. The assumption
is also tenuous on logical grounds because most studies of EBIs use convenience or purposive
samples, not representative ones (80). Such samples create interactions of selection and treatment
at several levels, and these problems present threats to external validity.3 Participants’ propensity
to benefit from an EBI is unknown, so it is not possible to estimate what the effect would be on an
unselected population. Also, the organizations and practitioners in the original studies often have
greater capacity to implement the EBIs than do unselected organizations and practitioners, an
interaction of setting and treatment that limits generalization. In all fairness, many effectiveness
studies in public health recruit very hard-to-engage or needy populations, and they implement an
EBI in lower-capacity organizations. Yet, practitioners still do not know how study participants
differ from the general populations that might receive the EBI or the contexts in which it is
implemented (39). Public health can improve the registries’ usefulness by expanding a focus on
external validity. This article now turns toward methods to do so.

PERSPECTIVES ON EXTERNAL VALIDITY FROM SOCIAL SCIENCE
AND STATISTICS

External Validity as Uncertainty Reduction

Deciding to endorse, pay for, or use an EBI are examples of decision-making under conditions
of uncertainty and risk (55). The risk for policy makers and local practitioners alike is that scarce

2Pawson & Tilley’s (65) realistic evaluation presents some concepts that overlap with what follows; however, Campbell &
Stanley (11), Cook & Campbell (23), and Cronbach & Shapiro (26) predate their exposition and expand it in useful directions.
Pawson & Tilley, along with Chen (17), Weiss (88), and many others (77) have contributed by consulting stakeholders to
build program theory, a major advantage for external validity (see below).
3Formal definitions of well-known threats to external validity are not repeated here but include interactions of the treatment
with selection, treatment with setting, treatment with instrumentation, other reactive features of experimental arrangements,
additive effects of multiple treatments, interaction of the causal relationship with treatment variations, and context-dependent
mediation of the causal relationship (11, 23, 76).
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public health resources might be wasted. Cronbach & Shapiro (26) reframed external validity
as information to reduce uncertainty. Doing so frees external validity from some restrictions
of inductive logic because it involves assessing the likelihood of effectiveness using a range of
information, not just accumulation of definitive tests in a limited number of instances. For example,
both Greenhalgh et al. (43) and Hawe (44) review features of EBIs and their context that predictably
affect the uptake and implementation of an EBI.4

Two Different Purposes

As Cook (22) and Cronbach & Shapiro (26) point out, there are two purposes to assessing ex-
ternal validity: (a) representation of a class of interventions and contexts (“Is this EBI effective
for population X in context Y?”) and (b) extrapolation from existing studies of the EBI to new,
unstudied contexts (“Will this EBI work in new populations and contexts? Will this EBI work in
my particular context with my population?”). Some social scientists simply have a scholarly inter-
est in representation: Does a causal relationship hold across a class of interventions, populations,
settings and so on? For public health, in contrast, the information is applied to health planning,
policy and assurance, so both representation and extrapolation are important.

Unpacking the Undifferentiated Bundles of Context and Complex Interventions

Sometimes researchers caution against overgeneralization by saying that context is unknown or
that interventions are too complex and therefore unpredictable. However, these cautions are not
helpful when they obscure opportunities to assess external validity. As Patton (64) notes, stepping
back to see many examples allows one to detect the patterns in complex or complicated situations,
allowing for theory building and the ability to classify, compare, and contrast. External validity
requires assessment of five sets of characteristics that vary across individual studies. Within a single
study, they are inextricably confounded (22, 26, 76).

The populations studied. These are program participants or other units (e.g., families, com-
munities) affected by policies, programs, and practices. For example, home-visiting programs aim
to provide support for vulnerable pregnant women and young families. The demographic and
background characteristics of participants vary substantially across studies of home visiting EBIs,
making it difficult to disentangle the effects as being a function of participant characteristics, EBI
characteristics, or both (57). Would an EBI found to be effective for adolescent mothers also be
effective for older women who have had several children already? Beyond surface variables such
as demographics or location, what other features of these populations matter, for example, their
levels of trust in health care? These are less often measured but are sometimes more powerful to
mediate or moderate behavior changes.

The settings studied. Settings are a set of nested context variables, including practitioners’
knowledge, skills and abilities, training and supervision, the capacity of the organizations in which
they are embedded, the communities where services are provided, and the systems that support
or impede implementation. At the level of individual studies, these variables interact. Explaining
results in one case may be quite different from those in another case. For example, the effects of

4The focus on reduced uncertainty justifies statements of probability in this article, such as “likely” and “might” instead of
“is” and “does.”
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the Nurse Family Partnership EBI were not replicated in Britain, in spite of reasonable fidelity to
the model (69). The failure to replicate may have been due to Britain’s systems of support for new
parents, which are much more comprehensive and readily accessible than they are in the United
States. These services may have produced a ceiling effect, such that no marginal benefit of home
visiting could be observed.

The particular treatments implemented. EBIs implemented in open systems are rarely exact
replications of a study intervention—they cannot be (26). Also, as Green (39) points out, EBIs in
public health are often more akin to processes than products: Think about the differences between
vaccines, which must be standardized to ensure the public’s health, and efforts to immunize all
children, which are complex processes (or at least complicated ones). Batalden et al. (5) cite a long
tradition of research in business and public administration to support their distinction between
health care as a uniform product (e.g., correctly taking and reading an X-ray) versus services
such as primary care, which are coproduced with the patient. Services and processes require
that practitioners modify their actions in response to the context. In the EBI literature, such
modification is termed adaptation.

Adaptation is a normal feature of the adoption of innovations (70), and it occurs across many
policy sectors that use EBIs (54). Adaptation in good faith is not the same as well-known imple-
mentation failures caused by carelessness or dishonesty (54). Adaptation is a cause for concern
when it is framed as a departure from fidelity to the EBI, because some adaptations have been
known to reduce program effect sizes (32, 48). Yet in other cases adaptations actually improve out-
comes (6, 30, 79). Surely, these mixed findings require more systematic study (7, 71). Adaptation
is not necessarily a departure from fidelity; in fact, fidelity and adaptation can exist side by side in
some EBIs (4, 31). A central question becomes, what is consistent with the EBI and what is not?

The specification of measurement variables and study design. These features in the sample of
studies concern the particular ways that effects are measured, for example, the length of follow-up
to assess sustained effects. Investigators often make different decisions about methods and measure
things differently from one study to the next. In the case of home visiting, not all EBIs target or
measure all 8 outcomes; for example, 14 of the EBIs improve positive parenting practices, whereas
11 improve child readiness for school (2).

The historical period in which the studies were conducted. Studies are conditioned by
the times in which they take place. Home visiting in 2016 is markedly different from the same
practice in 1986, when the first randomized experiment on nurse home visiting was published (63).
Resources for maternal and child health have diminished and increased again, systems and agency
responsibilities have changed beyond all recognition, and implementation has been refined over
time (2). The historical period matters to HIV interventions for different reasons (see below).

External Validity as a Sampling Challenge

External validity is often defined as a sampling problem: Ideally, one could include random sam-
ples in studies, capture the most relevant variation, and arrive at better conclusions about an
average population effect (81). But this ideal research method is difficult and seldom achieved.5

5Big data may eventually carry public health beyond the sampling conundrum because the analytics themselves may provide
detailed information about external validity. However, public health may be a long way from understanding the variation in
systems, social, environmental, and behavioral factors that would permit such detailed knowledge.
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There are four related reasons why improved sampling is necessary but not sufficient to assess
external validity. First, an average effect size across samples of studies, populations, or settings
does not much help individual practitioners who want to know whether the results of an EBI
can generalize to their specific, local context (22, 26). For that matter, an average effect is not
helpful enough to policy makers who need to know who will benefit from an EBI under which
circumstances.

The second challenge is the confounding of populations, settings, treatments, measurements,
and historical periods at the level of the study. Cook (22) points out that it is a fallacy to at-
tribute study outcomes only to the treatment, when in fact it is the interaction among these five
characteristics that causes the outcomes. It is not possible to test all the interactions of these
variables (76). Also, given the resources even of the largest studies of effectiveness, subgroup
analysis is severely constrained by sample sizes and the degrees of freedom required to assess
covariates.

The third challenge is that, in many cases, the most important sources of variation in these
domains are simply not known, making it difficult to sample on anything beyond demographics,
location, or general types of practitioners and settings (81). In mature bodies of evidence about
an EBI, there may be a solution because theory together with practice go beyond these surface
characteristics (see HIV example and discussion of the Pareto principle, below).

The fourth challenge is the prevalence of purposive or convenience samples for even the best
randomized experiments on EBIs. When a study randomly samples units and includes them all
in an intent-to-treat framework, then a conclusion about effectiveness can be generalized to the
inference population, that is, those who would be covered by a health policy or program. Yet, it
is estimated that only 3% of social experiments use the twofold strategy of random sampling then
random assignment (80). Sometimes researchers try to generalize retrospectively from purpo-
sive samples by statistically adjusting for participants’ propensity to benefit; however, Tipton (80)
demonstrates the biases that such adjustments can introduce. Tipton et al. (82) developed a method
of prospectively selecting participants for randomized experiments using measured propensity to
benefit from intervention, so the study sample is similar to the population of inference. This
method potentially offers advantages, but its requirements are not easy to meet (83). Also, in-
dividual units are nested within settings, systems, and other context features, and small samples
of these larger units often prevent causal generalization from going much beyond the individual
participant level (81). Propensity to benefit needs to be better understood in many cases in order to
select participants that reflect the population—it may not be sufficient to rely on surface similarity
(e.g., demographics and location). And finally, while this method may assist with external validity
to represent a set of contexts, it is not helpful to extrapolate to new contexts (22).

The Importance of Maximizing Heterogeneity Across the Five
Study Characteristics

Without systematic sampling on the most important sources of variation, external validity re-
quires that investigators maximize the heterogeneity of the populations, settings, treatments,
measurements, and historical periods studied. That way, researchers can determine how robust
the outcomes are across studies and also assess whether differences across studies are relevant
to the outcomes. However, effectiveness studies tend to reduce heterogeneity in settings, types
of practitioners, populations, and the very definition of the topic at hand (22). Moreover, meta-
analysis often restricts its focus to randomized experiments only, thus eliminating studies that
employ quasi-experiments or simple observation, studies which often provide more real-world
contexts than do randomized experiments (22).
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TOWARD SOLUTIONS: UNCERTAINTY REDUCTION

Logic to Reduce Uncertainty About Context

Shadish et al. (76) provide five principles to extend causal generalizations where variations in pop-
ulations, settings, and treatments have not been studied directly. Leviton & Trujillo (54) demon-
strate how more systematic interaction with practitioners can help to apply these principles—a
structured form of participatory research.

Principle 1: Assessing surface similarity between what is studied and the target of general-
ization. Surface similarity might include what is specified in a manual of operations or described
in studies of the EBI: for example, a target number of visits, qualifications of practitioners, and
characteristics of a target population. If practitioners replicate these features, there is less uncer-
tainty about effectiveness. Yet, some surface features are just trivial: It is probably irrelevant that
the home visitor wore blue pants instead of gray pants. Other surface features might, in some
cases, be false positives for what is needed to bring about the effect; or features omitted from
reports may be false negatives. Moreover, so much is invisible with surface similarity alone—the
underlying program theory may provide much more insight (see below). In addition, public health
would do well to extract knowledge more systematically from practitioners about their experience
with EBIs. Doing so would help to “surface” the similarity that practitioners see, but researchers
do not see (54).

Principle 2: Ruling out irrelevancies, context attributes that do not change a generalization.
If an EBI is effective across variations in populations, settings, treatments, measurements, and
historical periods, then those variations are likely irrelevant for causal generalization. For example,
home-visiting interventions are apparently effective for families in the various American tribal
communities, so in this case culture and setting may be irrelevant: They do not limit generalization.
However, the EBIs may require some cultural adaptation (29); it is an empirical question how much
adaptation is necessary.

Principle 3: Identifying context attributes that limit generalization. Effectiveness does not
generalize to EBI implementation failures: no program, no effect (54). Also, characteristics of
culture, systems, or other setting variables may limit generalization, and practitioners can assist
in identifying some of these on the basis of their experiences. Some context attributes may not
impair effectiveness as such but may work to moderate the strength of implementation and the
obtained effects. For example, challenges for home visiting on tribal reservations include the need
to travel long distances in remote areas, missed appointments due to competing family priorities,
and substantial participant attrition (29).

Principle 4: Interpolating to unsampled values within a sample range and extrapolating
beyond the sample range. To get beyond the problems of selection-treatment interaction, one
can investigate whether an EBI is effective for participant samples at the extremes of some impor-
tant characteristic, as well as modal instances of that characteristic. Thus, samples of participants
may be easy or difficult to engage, have greater versus lesser disadvantage, or (if it is known) have a
greater, versus lesser, propensity to benefit from intervention. If the EBI is effective for participants
at different points in such sampling ranges, it is likely effective within the range and perhaps beyond
it. In the same way, implementing and testing the EBI in settings with both high and low capac-
ity lends some confidence to generalize about settings with intermediate capacity. Extrapolation
must often be more tentative than interpolation; for example, it may still be essential to determine
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the minimum capacity required for a setting to implement an EBI, or a point at which participants
experience diminishing benefit from additional intervention (86).

Principle 5: Causal explanation, in which scientists develop and test explanatory theories
about the target of generalization. Well-developed program theory improves causal general-
izations (22, 26, 28) as well as overall effectiveness of public health interventions (35, 42). One
reason is that it provides a basis for understanding variation in implementation: what is consistent
with the EBI, what weakens it, and what constitutes an appropriate practitioner adaptation to
population and setting characteristics. Program theory can also identify mediators that describe
the mechanisms linking an EBI to effects, as well as context features that moderate the effects (see
Reference 54 for elaborated examples).

The Strong Potential of Bayesian Analysis to Assess External Validity

Bayesian analysis uses prior information to reduce uncertainty about statistical estimates (51).
It permits statements such as “there is an X percent likelihood that the EBI increases the
health of children of Y kind, in Z context.” This method is respected among statisticians (e.g.,
see http://community.amstat.org/sbss/home), and effectiveness researchers show a growing
interest—for example, a search of the Cochrane Library reveals 50 methods articles on Bayesian
analysis (see http://onlinelibrary.wiley.com/o/cochrane/cochrane_clcmr_articles_fs.html).
It can be combined with inferential statistics in advantageous ways (9). Yet, Bayesian analysis
seems uncommon in published reports of EBIs in public health.

Bayesian analysis has several advantages. One often hears that external validity can be informed
by examining the effects of an EBI for subsamples within effectiveness studies. To illustrate, a
study of home visiting might include families in tribal communities, and the question is whether
the effects generalize to other such families. Yet, in many cases these subsamples are too small
for analysis using inferential statistics, offering only tantalizing hints (26, 76). Bayesian analysis
addresses this problem by “borrowing strength” across sites and other studies and using other
information to reduce variance and increase power (9). Bayesian analysis can use the overall effect
in a trial to increase the precision of the estimate for the subsample. This approach will be feasible
if the estimate for the subsample is reasonably similar to the overall effect. Thus, if tribal families
have child health outcomes that are close to those for the average of home visiting recipients in
a given study or are close to the average for other similar tribal families across studies, then the
Bayesian approach can increase the precision of the estimate. If outcomes for tribal families were
to be markedly dissimilar to those for the overall average of participating families, then that would
also be valuable to know, precisely because the results appeared not to generalize to such families.
Such a pattern might be the basis for additional study of tribal families, with high information
value for policy and programs.

Bayesian analysis can also use prior information about barriers to implementation, whether re-
ported by practitioners, reported in literature reviews (43), or quantified through correlation and
regression in studies of the EBI. A short list will likely include lack of time, resources, and training,
cultural differences, and unsupportive organizations (54). It makes sense to utilize practitioners’
knowledge about contexts that may facilitate or impair implementation and thus effectiveness. It
is simply efficient to do so and then test effectiveness in those particular contexts. Researchers
frequently bemoan the small number of sites involved in most trials of EBI effectiveness, which
makes it difficult to generate insights about context features that affect implementation and out-
comes as well as generalization (81). Detailed information about site characteristics and capacities
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might inform estimates of the prior probability of implementation and other context features that
limit generalization.

The potential of Bayesian analysis continues to unfold. Recent clinical trials and simulations
using Bayesian adaptive design for certain types of short-term outcomes achieved higher levels of
certainty about effects with substantially smaller samples than did conventional trials (33). The
implications for external validity should be obvious: If trials can be conducted with many fewer
cases, and thus fewer resources, then more trials may be conducted or more variations within a
study could be assessed.

Combining Bayesian Analysis with Other Inductive Strategies

In spite of these advantages, Bayesian analysis is still prone to the same logical errors and threats
to validity that need attention when using inferential statistics. Biased studies, no matter how large
and detailed, still provide biased estimates. Practitioners have been known to share an unfounded
belief in the efficacy of an intervention, or they may share an unfounded belief about modifications
that will increase the strength and integrity of interventions, or about the settings and personnel
that have the capacity to implement an intervention. Diverse sources of information that do not
share the same biases are still crucial for both causal inference and causal generalization.

Keeping this caution in mind, Bayesian analysis is particularly advantageous when there is a
body of diverse information about the EBI. For example, this approach can utilize information from
other studies of the EBI to increase precision about subsamples. Thus, if tribal families participated
in several previous studies of home visiting, then their outcomes can improve the precision of the
estimate in a current study or a systematic review. There might still be a selection bias or other
threat to external validity. Nevertheless, thanks to the five principles of causal generalization, more
can be done to rule out such alternative explanations and to reduce uncertainty (76):

� To check for selection biases, one can determine how families were recruited for the studies.
If they were not all recruited in the same way, but effect sizes are consistently positive across
studies, then the method of recruitment is likely irrelevant, increasing the probability that
home visiting benefits tribal families in general.

� The methods of selection may represent a range or continuum (based on need or the distance
between the family and a home-visiting agency); if effect sizes are consistent and positive,
then interpolation and perhaps extrapolation become feasible.

� The possibility that selection interacted with the intervention requires an explanatory theory:
What other mechanisms might interact with the EBI, causing families who participate in the
trial to have healthier children than unselected tribal families who also receive home visiting?
Ruling out such interactions may be difficult but makes it increasingly plausible that results
generalize to other tribal families and children. For example, what if the families participating
in the trials of home visiting are more trusting of health care than nonparticipants in the
trials? Does trust affect their ability to benefit from home visiting? This empirical question
can be answered via survey, from literature reviews, key informants, or other sources.

TOWARD SOLUTIONS: UNPACKING TREATMENT VARIATION
TO FURTHER SPECIFY THE CORE COMPONENTS

Construct Validity: Many Roads to Rome

A critically important point is that well-developed program theory often permits a variety of
potential activities, or “roads to Rome,” to implement the EBI’s core components and achieve its

www.annualreviews.org • Generalizing about Public Health Interventions 381



PU38CH19-Leviton ARI 17 March 2017 12:6

intermediate objectives (44, 54). So long as the intermediate objectives are achieved, the specific
activities can vary. This approach deliberately invites a degree of adaptation, always evaluating the
implementation for strength and consistency with the underlying core components. For example,
practitioners in HIV prevention programs discovered early that adaptation was necessary, given
the range of situations that pose a risk of infection (53). Today, adaptation packages assist the
practitioner to modify EBIs thoughtfully (13), an approach that is now being replicated for violence
prevention interventions (34, 59).

Figure 1 illustrates the use of underlying program theory, tailored to local context. It de-
scribes a class of behavioral interventions for HIV/AIDS prevention, borrowed from Leviton &
Trujillo (54). It is deliberately presented not as a detailed logic model, but as an abstract sketch
or flow chart. Thus, prevention planning requires local intelligence to assure maximum reach
and relevance. Engagement depends on increasing people’s motivation to protect themselves and
then developing and reinforcing their skills to do so. Where there are frequent barriers to self-
protection, such as partner abuse, addictions, and HIV-positive serostatus, these populations need
tailored interventions to assist with coping. In some programs, follow-up support may be required
to ensure that the intervention has sufficient strength and that behavior changes are sustained.

Local intelligence

Recruitment

Engagement

Coping with
related barriers

Follow-up support

Organization readiness

Local practices, customs, concerns

Places of congregation

Opinion leaders

Activities

Activities

Activities

Activities

Activities

Activities

Activities

1 on 1, group, safe places

Stage of change interventions,
information on consequences,

changing peer norms

Modeling, role play, negotiation,
coping, self-efficacy

Partner abuse, addictions,
HIV-positive serostatus

Ongoing peer support or
contact with professionals

Increased
motivation

Increased
skills

Figure 1
Greatly oversimplified flow chart of program components for HIV prevention. Source: Leviton & Trujillo
(54). Theoretical constructs appear on the left, commonly used core components in the middle, and a variety
of activities to implement the core components on the right.
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Together, the increased motivation and skills for self-protection mediate behavior that avoids in-
fection. Moderators include the characteristics of outreach workers and educators, the relevance
of engagement tactics, and the strength of the intervention during engagement and follow-up.
Some might object, arguing that this program theory sketch is too linear and ignores reciprocal
influences between the intervention and context. Yet, the theoretical concepts and core compo-
nents do have a temporal sequence: One does, in fact, lead to the next, and achieving the first
intermediate objective is necessary for the rest to be achieved. Where reciprocal influence does
occur is in the specific activities, which adapt in response to changes in the local context and the
needs of populations.

Theory and Umbrella Concepts Offer a Guide to Adaptation

Equating core components with the specific activities of a manual of operations treats public
health interventions as products to be standardized, not as services to be employed in context.
In contrast, thinking of core components as umbrella concepts permits reasonable adaptation to
context and generates a variety of activities to achieve intermediate objectives. For example, a
health education curriculum might need to be translated into Spanish. Yet, this is an adaptation.
How will one know that it is consistent with the original EBI—because the developer says so?
More than surface similarity is involved here. Word-for-word translation is no guarantee that the
cultural meaning of a curriculum will be conveyed. That requires going below surface similarity,
and the core component is transformed in the process. Translation, of course, achieves better
reach, an important aim of EBIs. Would one avoid adaptation under such circumstances? Beyond
translation, whether cultural adaptations increase effectiveness or are largely irrelevant for a given
EBI is an empirical question and a matter of current, active inquiry (54).

Adaptation Is an Opportunity to Further Specify Program Theory
and Core Components

Evidence increasingly suggests that a thoughtful adaptation of activities can work to better de-
fine program theory and core components. For example, Collins (19) developed the multiphase
optimization strategy (MOST), which identifies what the EBI program theory actually requires
to achieve intermediate objectives, and then conducts successive tests of whether specific activ-
ities or components are necessary to achieve outcomes. This process informs cost-effectiveness,
reach, and sustainability. Another effective approach in certain mental health interventions is to
train practitioners on the underlying principles until mastery is observed and then to supervise,
ensuring that adaptation in response to clients is still consistent with EBIs (54). In line with partic-
ipatory evaluation, some strategies have been proposed for more systematic interaction between
researcher/developers and practitioners to improve implementation and adaptation of EBIs (16).
Green & Glasgow (40) suggest a process of consultation with practitioners, termed “mapping,
matching, pooling and patching,” (p. 20) that reflects derivation from theory to practice and
back again. Expert practitioners have a larger repertoire of responses to practice contexts than do
novices, so they can fit theory to context in various ways and thus further specify the program
theory and core components (54).

In general, providing implementation supports for practitioners can cast light on appropriate
adaptation (8). Such implementation supports can improve outcomes for EBIs: For example, a
randomized experiment using the Getting to Outcomes c© process (85) has been found to improve
outcomes of an EBI for teen pregnancy prevention (18). The field of quality improvement in
medicine encourages practitioners to use rapid cycle improvements to achieve an aim; this process
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is inherently one of adaptation, and a systematic review indicates positive but limited evidence of
effectiveness (75).

None of these approaches suggests that EBIs can be adapted willy-nilly. A careful process is
needed to determine what is consistent with the core components, what is inconsistent, and what
offers sufficient strength to achieve outcomes. Adaptations can be helpful, harmful, or irrelevant,
and if irrelevant, they can waste time and resources that are better used by adhering to the EBI.
The point is that for most EBIs, not enough is known about such adaptations, either for construct
validity or external validity.

TOWARD SOLUTIONS: FOCUSING THE STUDY
OF HETEROGENEOUS CONTEXTS

The Robert Wood Johnson Foundation (RWJF) is exploring a strategy to better inform external
validity, in partnership with selected grantees and the Centers for Disease Control and Prevention
(CDC) Division of Violence Prevention (34, 54). The specific focus is on the assessment of adap-
tations, but because adaptations are a response to context, the process extends to other context
features. The idea is first to collect a high volume of practice experiences and then to focus atten-
tion on important and frequent variation in those experiences. It is not necessary to independently
test the effectiveness of every adaptation in every context. Instead, researchers and practitioners
together can capture the features of context that are likely to be frequently encountered and im-
portant (on the basis of program theory). These are the features that have high information value
for further tests of effectiveness. While this strategy cannot provide a complete answer to external
validity, it reduces uncertainty and expands generalizations in the areas of greatest consequence
to population health (45, 54).

Phase 1: Crowd-Sourcing Practitioner Experiences

One failing of the EBI registries is that there is no formal, systematic way for practitioners to
provide feedback about how an EBI worked in their contexts. This is a major limitation for ex-
ternal validity, which requires understanding many heterogeneous contexts. Instead, feedback on
EBIs can provide a high volume of practice experiences to obtain the necessary heterogeneity.
Individually, practitioner experiences with an EBI are limited. But taken together, practitioners
have seen a broad and heterogeneous array of contexts—more so than the researchers or devel-
opers of a given EBI (54). Individual participatory studies of implementation cannot provide this
variation because any single study is limited in scope. Instead, practitioner experiences can be
systematically sampled. For example, under a grant from the RWJF, Naylor and her colleagues
(60) have conducted a snowball survey to describe and quantify practitioner adaptations of the
transitional care model (M.D. Naylor, personal communication, November 2015); likewise, in
previous studies, they identified the most frequent barriers to implementing the model. Glasgow
and colleagues (R.E. Glasgow, T.L. Hall, J.S. Holtrop, & L.M. Dickinson, personal communica-
tion, October 2016) used RWJF support to describe and quantify the frequency of 49 adaptations
of the patient-centered medical home model.

Phase 2a: Winnowing Context Features for Further Study

Out of the heterogeneous, high volume of cases, it will be important to select the context features
that should be studied further. Following the lead of the Community Preventive Services Task
Force, investigators can use collective judgment, literature review, and quantitative studies to
identify context features that are likely to be important on the basis of program theory (21). With
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RWJF support, the CDC Division of Violence Prevention moved quickly to this phase because
three EBIs had important context features that practitioners had already encountered frequently
(34).

It will be helpful to winnow out the less important, less frequent context features. The process
can start by eliminating the infrequent features on the basis of practitioner and client surveys
or consultation with seasoned technical assistance providers. Other context features can be ruled
out for further investigation because they are irrelevant to the EBI based on program theory,
collective judgment, systematic reviews of existing studies, or subgroup analysis within a single
study. Some adaptations do not generalize at all; they are important to identify precisely because
they limit generalization. Such adaptations have insufficient strength, are inconsistent with the
core components, or are actively harmful. Some features of adaptation are irrelevant additions.
They will appear benign, but they can still introduce cost or take up time.

Phase 2b: Setting Priorities for Study

The Pareto principle justifies a focus on the important context features that also occur most fre-
quently. It states that the large majority of effects come from a relative minority of causes. It fits an
impressive array of economic, social, and business applications (61). Figure 2 is an example from
public health quality-improvement training (1). Examples such as these often come from individual
settings, but why not apply them across populations and settings to assist causal generalizations?
For instance, one could assess the frequency with which practitioners list barriers to implementa-
tion of an EBI. Their frequency could be empirically verified, along with generic adaptations to
overcome the barriers. A lack of time and resources to implement EBIs might account for a large
majority of cases, followed by an unsupportive organization and, in some cases, cultural barriers
(see also Reference 43 for a longer list). These may be the most frequent and important context
features that limit generalization. It is not possible to study all the context features in complex
interventions. Yet, if the Pareto principle applies, then the important, frequent context features are
hardly mysterious or particularly complex. Moreover, addressing the important, frequent features
works to reduce variation and improve services. The field can then turn its attention to the next
most frequent set of important features.

One might object that context has different forces working at different levels of the social
ecological model, and the Pareto principle might identify frequent and important forces at each

Pareto chart showing perceived issues in a professional organization
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Figure 2
Distribution of causes and effects. Source: Arizona Public Health Training Center (1).
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level. Thus 20% of implementation forces may be the most frequent and important, but nested
within 20% of systems or policy barriers that are most frequent and important, and so on for
cultural barriers and other population forces. Nevertheless, the number of choices is finite, and
the most frequent combinations can still receive priority for investigation.

Related to the Pareto principle is the operations management concept of runners, repeaters,
and strangers, which categorizes products and services according to their volume and variety
(62, 89). Runners appear frequently, repeaters appear regularly but at longer time intervals, and
strangers appear at irregular and sometimes unpredictable intervals. Different processes are often
needed for these three groups. Over time, strangers can become repeaters or even runners through
routinization and recognition of patterns. In the case of an EBI, runners would be the most
frequently encountered context features, repeaters would be somewhat less common, and strangers
would be relatively uncommon. This framework may be helpful to assess external validity because,
using inductive logic and the tools described in this article, public health may be able to generalize
about runners at both individual and setting levels. Repeaters may require more of a conceptual
approach, as well as more adaptation of the EBI. Strangers may require the most thought, study,
and discussion about whether an EBI can generalize and, if so, what kinds of adaptation are
consistent with the underlying theory and core components. Strangers are valuable to contribute
to both external validity and construct validity, but it will be premature to focus too much on them
until the EBI is sufficiently mature and the theory behind it is sharp enough to accommodate first
the runners and then the repeaters.

HIV prevention illustrates how a maturing body of evidence can employ this framework (53).
For many years, a reasonably capable organization could intervene with at-risk gay men—not
everyone would avoid infection, of course, but intervention prevented many cases. Epidemiology
began to identify repeaters: people with a variety of special situations for which tailored interven-
tions were needed, such as runaway youth. Because these tailored interventions are now EBIs in
the CDC Compendium (14), the repeaters have become runners. However, an important stranger
then emerged because the availability of antiretroviral therapy meant that AIDS was no longer a
death sentence. Some younger gay men now believed they no longer had to protect themselves.
It was, and is, essential to come to grips with this development in HIV prevention.

Phase 3: Empirical Studies to Reduce Uncertainty

After winnowing unimportant and infrequent context features, some features will be plausible
enough, or controversial enough, to proceed to further empirical study. In the interest of speed,
these can focus on whether context features affect the moderators and mediators of outcomes. For
example, a cultural adaptation may recruit more members of an ethnic group or better mediate
the desired behavior changes (49). Note that Phase 3 does not require a randomized experiment,
although Collins (19) has shown that one is beneficial. This phase can also further specify the core
components, if necessary. Qualitative comparative analysis (QCA) (74) can use the underlying
program theory to further explore the necessary and sufficient conditions to place diverse activities
under the program theory umbrella. The variety of quantitative methods to assess construct validity
can also further specify program theory—for example, the multitrait-multimethod matrix might
be used to identify adaptations that are consistent with the construct or are irrelevant (22, 76).

Phase 4: New Tests of Effectiveness

The first three phases are likely to identify important gaps in knowledge about EBIs, so new studies
of outcomes are desirable as a check on the inductive process. In particular, it may be desirable to
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test the effectiveness of frequent and important adaptations. Also, some context features may not
be addressed satisfactorily by the first three phases and may require their own independent tests
of effectiveness. These are likely to be cases where program theory needs further development,
where not enough is known concerning combinations of populations and settings, or where gray
areas of practice are simply not addressed by the available literature.

A process such as this could meet the criterion of usefulness that current frameworks for external
validity cannot satisfy (10). The reason is that utility is built in through ongoing consultation with
the users. Thus insights about appropriate adaptation might be garnered, stored, and shared. At
the same time, as external validity is expanded, policy makers and researchers will gain a more
nuanced understanding about what works for whom and in which circumstances.

CONCLUSIONS: TOWARD A PROGRAM OF RESEARCH
ON EXTERNAL VALIDITY

Public health should develop a program of research on external validity that focuses on frequent
and important context features, because these are the features that have the most consequences for
population health. Such a program should draw on the entire body of evidence, including descrip-
tive and qualitative information, practitioner experience, correlational and regression studies, and
tests of effectiveness. Doing so has several advantages. (a) A systematic approach explicates the
undifferentiated bundle otherwise lumped as “context.” (b) One can go beyond surface similarity
to more powerful generalizations on the basis of program theory. (c) One can utilize practitioner
knowledge in meaningful ways. (d ) With the accrual of information, one can be increasingly spe-
cific about situations where a causal inference is likely to hold. (e) One can also be more selective
about where to focus additional attention and resources, whether the focus is on causal inference
or causal generalization. Peer-reviewed journals may also be more welcoming of the papers that
inquire into causal generalization and that provide richer description of interventions, if they were
to have a better sense of the direction that such a program of inquiry was taking.
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