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Abstract

Interventional researchers face many design challenges when assessing intervention
implementation in real-world settings. Intervention implementation requires ‘holding fast’ on
internal validity needs while incorporating external validity considerations (such as uptake by
diverse sub-populations, acceptability, cost, sustainability). Quasi-experimental designs (QEDSs)
are increasingly employed to achieve a better balance between internal and external validity.
Although these designs are often referred to and summarized in terms of logistical benefits versus
threats to internal validity, there is still uncertainty about: (1) how to select from among various
QEDs, and (2) strategies to strengthen their internal and external validity. We focus on commonly
used QEDs (pre-post designs with non-equivalent control groups, interrupted time series, and
stepped wedge designs) and discuss several variants that maximize internal and external validity at
the design, execution, and analysis stages.

Keywords
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INTRODUCTION

Public health practice involves implementation or adaptation of evidence-based interventions
into new settings in order to improve health for individuals and populations. Such
interventions typically include on one or more of the “7 Ps” (programs, practices, principles,
procedures, products, pills, and policies) (9). Increasingly, both public health and clinical
research have sought to generate practice-based evidence on a wide range of interventions,
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which in turn has led to a greater focus on intervention research designs that can be applied
in real-world settings (2, 8, 9, 20, 25, 26, 10, 2).

Randomized controlled trials (RCTs) in which individuals are assigned to intervention or
control (standard-of-care or placebo) arms are considered the gold standard for assessing
causality and as such are a first choice for most intervention research. Random allocation
minimizes selection bias and maximizes the likelihood that measured and unmeasured
confounding variables are distributed equally, enabling any difference in outcomes between
intervention and control arms to be attributed to the intervention under study. RCTs can also
involve random assignment of groups (e.g., clinics, worksites or communities) to
intervention and control arms, but a large number of groups are required in order to realize
the full benefits of randomization. Traditional RCTs strongly prioritize internal validity over
external validity by employing strict eligibility criteria and rigorous data collection methods.

Alternative research methods are needed to test interventions for their effectiveness in many
real-world settings—and later when evidence-based interventions are known, for spreading
or scaling up these interventions to new settings and populations (23,40). In real-world
settings, random allocation of the intervention may not be possible or fully under the control
of investigators because of practical, ethical, social, or logistical constraints. For example,
when partnering with communities or organizations to deliver a public health intervention, it
might not be acceptable that only half of individuals or sites receive an intervention. As well,
the timing of intervention roll-out might be determined by an external process outside the
control of the investigator, such as a mandated policy. Also, when self-selected groups are
expected to participate in a program as part of routine care, there would arise ethical
concerns associated with random assignment — for example, the withholding or delaying of a
potentially effective treatment or the provision of a less effective treatment for one group of
participants (49). As described by Peters et al “implementation research seeks to understand
and work within real world conditions, rather than trying to control for these conditions or to
remove their influence as causal effects. “ (40). For all of these reasons, a blending of the
design components of clinical effectiveness trials and implementation research is feasible
and desirable, and this review covers both. Such blending of effectiveness and
implementation components within a study can provide benefits beyond either research
approach alone (14), for example by leading to faster uptake of interventions by
simultaneously testing implementation strategies.

Since assessment of intervention effectiveness and implementation in real-world settings
requires increased focus on external validity (including consideration of factors enhancing
intervention uptake by diverse sub-populations, acceptability to a wide range of
stakeholders, cost, and sustainability) (34), interventional research designs are needed that
are more relevant to the potential, ‘hoped for’ treatment population than a RCT, and that
achieve a better balance between internal and external validity. Quasi-experimental designs
(QEDSs), which first gained prominence in social science research (11), are increasingly
being employed to fill this need. [BOX 1 HERE: Definitions used in this review].

QEDs test causal hypotheses but, in lieu of fully randomized assignment of the intervention,
seek to define a comparison group or time period that reflects the counter-factual (/.e.,
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outcomes if the intervention had not been implemented) (43). QEDs seek to identify a
comparison group or time period that is as similar as possible to the treatment group or time
period in terms of baseline (pre-intervention) characteristics. QEDs can include partial
randomization such as in stepped wedge designs (SWD) when there is pre-determined (and
non-random) stratification of sites, but the order in which sites within each strata receive the
intervention is assigned randomly. For example, strata that are determined by size or
perceived ease of implementation may be assigned to receive the intervention first. However,
within those strata the specific sites themselves are randomly selected to receive the
intervention across the time intervals included in the study). In all cases, the key threat to
internal validity of QEDs is a lack of similarity between the comparison and intervention
groups or time periods due to differences in characteristics of the people, sites, or time
periods involved.

Previous reviews in this journal have focused on the importance and use of QEDs and other
methods to enhance causal inference when evaluating the impact of an intervention that has
already been implemented (4,8,9,18). Design approaches in this case often include creating a
post-hoc comparison group for a natural experiment or identifying pre and post-intervention
data to then conduct an interrupted time series study. Analysis phase approaches often utilize
techniques such as pre-post, regression adjustment, scores, difference-in-differences,
synthetic controls, interrupted time series, regression discontinuity, and instrumental
variables (4,9,18). Although these articles summarize key components of QEDs (e.g.
interrupted time series), as well as analysis-focused strategies (regression adjustment,
propensity scores, difference-in-differences, synthetic controls, and instrumental variables)
there is still uncertainty about: (1) how to select from among various QEDs in the pre-
implementation design phase, and (2) strategies to strengthen internal and external validity
before and during the implementation phase.

In this paper we discuss the a priori choice of a QED when evaluating the impact of an
intervention or policy for which the investigator has some element of design control related
to 1) order of intervention allocation (including random and non-random approaches); 2)
selecting sites or individuals; and/or 3) timing and frequency of data collection. In the next
section, we discuss the main QEDs used for prospective evaluations of interventions in real-
world settings and their advantages and disadvantages with respect to addressing threats to
internal validity [BOX 2 HERE Common Threats to Internal Validty of Quasi-Experimental
Designs Evaluating Interventions in ‘Real World” Settings]. Following this summary, we
discuss opportunities to strengthen their internal validity, illustrated with examples from the
literature. Then we propose a decision framework for key decision points that lead to
different QED options. We conclude with a brief discussion of incorporating additional
design elements to capture the full range of relevant implementation outcomes in order to
maximize external validity.

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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QUASI-EXPERIMENTAL DESIGNS FOR PROSPECTIVE EVALUTION OF
INTERVENTIONS

Table 1 summarizes the main QEDs that have been used for prospective evaluation of health
intervention in real-world settings; pre-post designs with a non-equivalent control group,
interrupted time series and stepped wedge designs. We do not include pre-post designs
without a control group in this review, as in general, QEDs are primarily those designs that
identify a comparison group or time period that is as similar as possible to the treatment
group or time period in terms of baseline (pre-intervention) characteristics (50). Below, we
describe features of each QED, considering strengths and limitations and providing
examples of their use.

1. Pre-Post With Non-Equivalent Control Group

The first type of QED highlighted in this review is perhaps the most straightforward type of
intervention design: the pre-post comparison study with a non-equivalent control group. In
this design, the intervention is introduced at a single point in time to one or more sites, for
which there is also a pre-test and post-test evaluation period, The pre-post differences
between these two sites is then compared. In practice, interventions using this design are
often delivered at a higher level, such as to entire communities or organizationsl [Figure 1
here]. In this design the investigators identify additional site(s) that are similar to the
intervention site to serve as a comparison/control group. However, these control sites are
different in some way than the intervention site(s) and thus the term “non-equivalent” is
important, and clarifies that there are inherent differences in the treatment and control
groups (15).

The strengths of pre-post designs are mainly based in their simplicity, such as data collection
is usually only at a few points (although sometimes more). However, pre-post designs can be
affected by several of the threats to internal validity of QEDs presented here. The largest
challenges are related to 1) ‘history bias’ in which events unrelated to the intervention occur
(also referred to as secular trends) before or during the intervention period and have an effect
on the outcome (either positive or negative) that are not related to the intervention (39); and
2) differences between the intervention and control sites because the non-equivalent control
groups are likely to differ from the intervention sites in a number of meaningful ways that
impact the outcome of interest and can bias results (selection bias).

At this design stage, the first step at improving internal validity would be focused on
selection of a non-equivalent control group(s) for which some balance in the distribution of
known risk factors is established. This can be challenging as there may not be adequate
information available to determine how ‘equivalent’ the comparison group is regarding
relevant covariates.

It can be useful to obtain pre-test data or baseline characteristics to improve the
comparability of the two groups. In the most controlled situations within this design, the

Litis important to note that if such randomization would be possible at the site level based on similar sites, a cluster randomized
control trial would be an option.
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investigators might include elements of randomization or matching for individuals in the
intervention or comparison site, to attempt to balance the covariate distribution. Implicit in
this approach is the assumption that the greater the similarity between groups, the smaller
the likelihood that confounding will threaten inferences of causality of effect for the
intervention (33, 47). Thus, it is important to select this group or multiple groups with as
much specificity as possible.

In order to enhance the causal inference for pre-post designs with non-equivalent control
groups, the best strategies improve the comparability of the control group with regards to
potential covariates related to the outcome of interest but are not under investigation. One
strategy involves creating a cohort, and then using targeted sampling to inform matching of
individuals within the cohort. Matching can be based on demographic and other important
factors (e.g. measures of health care access or time-period). This design in essence creates a
matched, nested case-control design.

Collection of additional data once sites are selected cannot in itself reduce bias, but can
inform the examination of the association of interest, and provide data supporting
interpretation consistent with the reduced likelihood of bias. These data collection strategies
include: 1) extra data collection points at additional pre- or post- time points (to get closer to
an interrupted time series design in effect and examine potential threats of maturation and
history bias), and 2) collection of data on other dependent variables with a priori assessment
of how they will ‘react’” with time dependent variables. A detailed analysis can then provide
information on the potential affects on the outcome of interest (to understand potential
underlying threats due to history bias).

Additionally, there are analytic strategies that can improve the interpretation of this design,
such as: 1) analysis for multiple non-equivalent control groups, to determine if the
intervention effects are robust across different conditions or settings (.e.g. using sensitivity
analysis), 2) examination within a smaller critical window of the study in which the
intervention would be plausibly expected to make the most impact, and 3) identification of
subgroups of individuals within the intervention community who are known to have received
high vs. low exposure to the intervention, to be able to investigate a potential “dose-
response” effect. Table 2 provides examples of studies using the pre-post non-equivalent
control group designs that have employed one or more of these improvement approaches to
improve the internal study’s validity.

Cousins et al utilized a non-equivalent control selection strategy to leverage a recent cross-
sectional survey among six universities in New Zealand regarding drinking among college-
age students (16). In the original survey, there were six sites, and for the control group, five
were selected to provide non-equivalent control group data for the one intervention campus.
The campus intervention targeted young adult drinking-related problems and other
outcomes, such as aggressive behavior, using an environmental intervention with a
community liaison and a campus security program (also know as a Campus Watch program).
The original cross-sectional survey was administered nationally to students using a web-
based format, and was repeated in the years soon after the Campus Watch intervention was
implemented in one site. Benefits of the design include: a consistent sampling frame at each

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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control sites, such that sites could be combined as well as evaluated separately and collection
of additional data on alcohol sales and consumption over the study period, to support
inference. In a study by Wertz et al (48), a non-equivalent control group was created using
matching for those who were eligible for a health coaching program and opted out of the
program (to be compared with those who opted in) among insured patients with diabetes
and/or hypertension. Matching was based on propensity scores among those patients using
demographic and socioeconomic factors and medical center location and a longitudinal
cohort was created prior to the intervention (see Basu et al 2017 for more on this approach).

In the pre-post malaria-prevention intervention example from Gambia, the investigators were
studying the introduction of bed nets treated with insecticide on malaria rates in Gambia,
and collected additional data to evaluate the internal validity assumptions within their design
(1). In this study, the investigators introduced bed nets at the village level, using
communities not receiving the bed nets as control sites. To strengthen the internal validity
they collected additional data that enabled them to: 1) determine whether the reduction in
malaria rates were most pronounced during the rainy season within the intervention
communities, as this was a biologically plausible exposure period in which they could
expect the largest effect size difference between intervention and control sites, and 2)
examine use patterns for the bed nets, based on how much insecticide was present in the bed
nets over time (after regular washing occurred), which aided in calculating a “dose-
response” effect of exposure to the bed net among a subsample of individuals in the
intervention community.

2. Interrupted Time Series

An interrupted time series (ITS) design involves collection of outcome data at multiple time
points before and after an intervention is introduced at a given point in time at one or more
sites (6, 13). The pre-intervention outcome data is used to establish an underlying trend that
is assumed to continue unchanged in the absence of the intervention under study (/.e., the
counterfactual scenario). Any change in outcome level or trend from the counter-factual
scenario in the post-intervention period is then attributed to the impact of the intervention.
The most basic ITS design utilizes a regression model that includes only three time-based
covariates to estimate the pre-intervention slope (outcome trend before the intervention), a
“step” or change in level (difference between observed and predicted outcome level at the
first post-intervention time point), and a change in slope (difference between post- and pre-
intervention outcome trend) (13, 32) [Figure 2 here].

Whether used for evaluating a natural experiment or, as is the focus here, for prospective
evaluation of an intervention, the appropriateness of an ITS design depends on the nature of
the intervention and outcome, and the type of data available. An ITS design requires the pre-
and post-intervention periods to be clearly differentiated. When used prospectively, the
investigator therefore needs to have control over the timing of the intervention. ITS analyses
typically involve outcomes that are expected to change soon after an intervention is
introduced or after a well-defined lag period. For example, for outcomes such as cancer or
incident tuberculosis that develop long after an intervention is introduced and at a variable
rate, it is difficult to clearly separate the pre- and post-intervention periods. Last, an ITS

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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analysis requires at least three time points in the pre- and post-intervention periods to assess
trends. In general, a larger number of time points is recommended, particularly when the
expected effect size is smaller, data are more similar at closer together time points (/.e., auto-
correlation), or confounding effects (e.g., seasonality) are present. It is also important for
investigators to consider any changes to data collection or recording over time, particularly if
such changes are associated with introduction of the intervention.

In comparison to simple pre-post designs in which the average outcome level is compared
between the pre- and post-intervention periods, the key advantage of ITS designs is that they
evaluate for intervention effect while accounting for pre-intervention trends. Such trends are
common due to factors such as changes in the quality of care, data collection and recording,
and population characteristics over time. In addition, ITS designs can increase power by
making full use of longitudinal data instead of collapsing all data to single pre- and post-
intervention time points. The use of longitudinal data can also be helpful for assessing
whether intervention effects are short-lived or sustained over time.

While the basic ITS design has important strengths, the key threat to internal validity is the
possibility that factors other than the intervention are affecting the observed changes in
outcome level or trend. Changes over time in factors such as the quality of care, data
collection and recording, and population characteristics may not be fully accounted for by
the pre-intervention trend. Similarly, the pre-intervention time period, particularly when
short, may not capture seasonal changes in an outcome.

Detailed reviews have been published of variations on the basic ITS design that can be used
to enhance causal inference. In particular, the addition of a control group can be particularly
useful for assessing for the presence of seasonal trends and other potential time-varying
confounders (52). Zombre et al (52) maintained a large number of control number of sites
during the extended study period and were able to look at variations in seasonal trends as
well as clinic-level characteristics, such as workforce density and sustainability. In addition
to including a control group, several analysis phase strategies can be employed to strengthen
causal inference including adjustment for time varying confounders and accounting for auto
correlation.

3. Stepped Wedge Designs

Stepped wedge designs (SWDs) involve a sequential roll-out of an intervention to
participants (individuals or clusters) over several distinct time periods (5, 7, 22, 24, 29, 30,
38). SWDs can include cohort designs (with the same individuals in each cluster in the pre
and post intervention steps), and repeated cross-sectional designs (with different individuals
in each cluster in the pre and post intervention steps) (7). In the SWD, there is a
unidirectional, sequential roll- out of an intervention to clusters (or individuals) that occurs
over different time periods. Initially all clusters (or individuals) are unexposed to the
intervention, and then at regular intervals, selected clusters cross over (or ‘step’) into a time
period where they receive the intervention [Figure 3 here]. All clusters receive the
intervention by the last time interval (although not all individuals within clusters necessarily
receive the intervention). Data is collected on all clusters such that they each contribute data
during both control and intervention time periods. The order in which clusters receive the

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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intervention can be assigned randomly or using some other approach when randomization is
not possible. For example, in settings with geographically remote or difficult-to-access
populations, a non-random order can maximize efficiency with respect to logistical
considerations.

The practical and social benefits of the stepped wedge design have been summarized in
recent reviews ( 5, 22, 24, 27, 29, 36, 38, 41, 42, 45, 46, 51). In addition to addressing
general concerns with RCTs discussed earlier, advantages of SWDs include the logistical
convenience of staggered roll-out of the intervention, which enables a.smaller staff to be
distributed across different implementation start times and allows for multi-level
interventions to be integrated into practice or ‘real world” settings (referred to as the
feasibility benefit). This benefit also applies to studies of de-implementation, prior to a new
approach being introduced. For example, with a staggered roll-out it is possible to build in a
transition cohort, such that sites can adjust to the integration of the new intervention, and
also allow for a switching over in sites to de-implementing a prior practice. For a specified
time period there may be ‘mixed’ or incomplete data, which can be excluded from the data
analysis. However, associated with a longer duration of roll-out for practical reasons such as
this switching, are associated costs in threats to internal validity, discussed below.

There are several limitations to the SWD. These generally involve consequences of the
trade-offs related to having design control for the intervention roll-out, often due to logistical
reasons on the one hand, but then having ‘down the road’ threats to internal validity. These
roll-out related threats include potential lagged intervention effects for non-acute outcomes;
possible fatigue and associated higher drop-out rates of waiting for the cross-over among
clusters assigned to receive the intervention later; fidelity losses for key intervention
components over time; and potential contamination of later clusters (22). Another drawback
of the SWD is that it involves data assessment at each point when a new cluster receives the
intervention, substantially increasing the burden of data collection and costs unless data
collection can be automated or uses existing data sources. Because the SWD often has more
clusters receiving the intervention towards the end of the intervention period than in previous
time periods, there is a potential concern that there can be temporal confounding at this
stage. The SWD is also not as suited for evaluating intervention effects on delayed health
outcomes (such as chronic disease incidence), and is most appropriate when outcomes that
occur relatively soon after each cluster starts receiving the intervention. Finally, as logistical
necessity often dictates selecting a design with smaller numbers of clusters, there are
relatedly challenges in the statistical analysis. To use standard software, the common
recommendation is to have at least 20 to 30 clusters (35).

Stepped wedge designs can embed improvements that can enhance internal validity,
mimicking the strength of RCTs. These generally focus on efforts to either reduce bias or
achieve balance in covariates across sites and over time; and/or compensate as much as
possible for practical decisions made at the implementation stage, which affect the
distribution of the intervention over time and by sites. The most widely used approaches are
discussed in order of benefit to internal validity: 1) partial randomization; 2) stratification
and matching; 3) embedding data collection at critical points in time, such as with a phasing-
in of intervention components, and 4) creating a transition cohort or wash-out period. The
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most important of these SWD elements is random assignment of clusters as to when they
will cross over into the intervention period. As well, utilizing data regarding time-varying
covariates/confounders, either to stratify clusters and then randomize within strata (partial
randomization) or to match clusters on known covariates in the absence of randomization,
are techniques often employed to minimize bias and reduce confounding. Finally,
maintaining control over the number and timing of data collection points over the study
period can be beneficial in several ways. First, it can allow for data analysis strategies that
can incorporate cyclical temporal trends (such as seasonality-mediated risk for the outcome,
such as with flu or malaria) or other underlying temporal trends. Second, it can enable
phased interventions to be studied for the contribution of different components included in
the phases (e.g. passive then active intervention components), or can enable ‘pausing’ time,
as when there is a structured wash out or transition cohort created for practical reasons (e.g.
one intervention or practice is stopped/de-implemented, and a new one is introduced) (see
Figure 4).

Table 2 provides examples of studies using SWD that have used one or more of the design
approaches described above to improve the internal validity of the study. In the study by
Killam et al 2010 (31), a non-randomized SWD was used to evaluate a complex clinic-based
intervention for integrating anti-retro viral (ART) treatment into routine antenatal care in
Zambia for post-partum women. The design involved matching clinics by size and an inverse
roll-out, to balance out the sizes across the four groups. The inverse roll-out involved four
strata of clinics, grouped by size with two clinics in each strata. The roll-out was sequenced
across these eight clinics, such that one smaller clinics began earlier, with three clinics of
increasing size getting the intervention afterwards. This was then followed by a descending
order of clinics by size for the remaining roll-out, ending with the smallest clinic. This
inverse roll-out enabled the investigators to start with a smaller clinic, to work out the
logistical considerations, but then influence the roll-out such as to avoid clustering of
smaller or larger clinics in any one step of the intervention.

A second design feature of this study involved the use of a transition cohort or wash-out
period (see Figure 4) (also used in the Morrison et al 2015 study)(19, 37). This approach can
be used when an existing practice is being replaced with the new intervention, but there is
ambiguity as to which group an individual would be assigned to while integration efforts
were underway. In the Killam study, the concern was regarding women who might be
identified as ART-eligible in the control period but actually enroll into and initiate ART at an
antenatal clinic during the intervention period. To account for the ambiguity of this transition
period, patients with an initial antenatal visit more than 60 days prior to the date of
implementing the ART in the intervention sites were excluded. For analysis of the primary
outcome, patients were categorized into three mutually exclusive categories: a referral to
ART cohort, an integrated ART in the antenatal clinics cohort, and a transition cohort. It is
important to note that the time period for a transition cohort can add considerable time to an
intervention roll-out, especially when there is to be a de-implementation of an existing
practice that involves a wide range or staff or activities. As well, the exclusion of the data
during this phase can reduce the study’s power if not built into the sample size
considerations at the design phase.

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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Morrison et al 2015 (37) used a randomized cluster design, with additional stratification and
randomization within relevant sub-groups to examine a two-part quality improvement
intervention focusing on clinician uptake of patient cooling procedures for post-cardiac care
in hospital settings (referred to as Targeted Temperature Management). In this study, 32
hospitals were stratified into two groups based on intensive care unit size (< 10 beds vs = 10
beds), and then randomly assigned into four different time periods to receive the
intervention. The phased intervention implementation included both passive (generic
didactic training components regarding the intervention) and an active (tailored support to
site-specific barriers identified in passive phase) components. This study exemplifies some
of the best uses of SWD in the context of QI interventions that have either multiple
components of for which there may be a passive and active phase, as is often the case with
interventions that are layered onto systems change requirements (e.g. electronic records
improvements/customization) or relate to sequenced guidelines implementation (as in this
example).

Studies using a wait-list partial randomization design are also included in Table 2 (24, 27,
42). These types of studies are well-suited to settings where there is routine enumeration of a
cohort based on a specific eligibility criteria, such as enrolment in a health plan or
employment group, or from a disease-based registry, such as for diabetes (27, 42). It has also
been reported that this design can increase efficiency and statistical power in contrast to
cluster-based trials, a crucial consideration when the number of participating individuals or
groups is small (22).

The study by Grant et al et al uses a variant of the SWD for which individuals within a
setting are enumerated and then randomized to get the intervention. In this example,
employees who had previously screened positive for HIV at the company clinic as part of
mandatory testing, were invited in random sequence to attend a workplace HIV clinic at a
large mining facility in South Africa to initiate a preventive treatment for TB during the
years prior to the time when ARTs were more widely available. Individuals contributed
follow-up time to the “pre-clinic” phase from the baseline date established for the cohort
until the actual date of their first clinic visit, and also to the “post- clinic” phase thereafter.
Clinic visits every 6 months were used to identify incident TB events. Because they were
looking at reduction in TB incidence among the workers at the mine and not just those in the
study, the effect of the intervention (the provision of clinic services) was estimated for the
entire study population (incidence rate ratio), irrespective of whether they actually received
isoniazid.

CONSIDERATIONS IN CHOOSING BETWEEN QED

We present a decision ‘map’ approach based on a Figure 5 to assist in considering decisions
in selecting among QEDs and for which features you can pay particular attention to in the
design [Figure 5 here].

First, at the top of the flow diagram (1), consider if you can have multiple time points you
can collect data for in the pre and post intervention periods. Ideally, you will be able to
select more than two time points. If you cannot, then multiple sites would allow for a non-
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equivalent pre-post design. If you can have more than the two time points for the study
assessments, you next need to determine if you can include multiple sites (2). If not, then
you can consider a single site point ITS. If you can have multiple sites, you can choose
between a SWD and a multiple site ITS based on whether or not you observe the roll-out
over multiple time points, (SWD) or if you have only one intervention time point (controlled
multiple site ITS)

STRATEGIES TO STRENGTHEN EXTERNAL VALIDITY

In a recent article in this journal (26), the following observation was made that there is an
unavoidable trade-off between these two forms of validity such that with a higher control of
a study, there is stronger evidence for internal validity but that control may jeopardize some
of the external validity of that stronger evidence. Nonetheless, there are design strategies for
non-experimental studies that can be undertaken to improve the internal validity while not
eliminating considerations of external validity. These are described below across all three
study designs.

1. Examine variation of acceptability and reach among diverse sub-populations

One of the strengths of QEDs is that they are often employed to examine intervention effects
in real world settings and often, for more diverse populations and settings. Consequently, if
there is adequate examination of characteristics of participants and setting-related factors it
can be possible to interpret findings among critical groups for which there may be no
existing evidence of an intervention effect for. For example in the Campus Watch
intervention (16), the investigator over-sampled the Maori indigenous population in order to
be able to stratify the results and investigate whether the program was effective for this
under-studied group. In the study by Zombré et al (52) on health care access in Burkina
Faso, the authors examined clinic density characteristics to determine its impact on
sustainability.

2. Characterize fidelity and measures of implementation processes

Some of the most important outcomes for examination in these QED studies include whether
the intervention was delivered as intended (i.e., fidelity), maintained over the entire study
period (i.e., sustainability), and if the outcomes could be specifically examined by this level
of fidelity within or across sites. As well, when a complex intervention is related to a policy
or guideline shift and implementation requires logistical adjustments (such as phased roll-
outs to embed the intervention or to train staff), QEDs more truly mimic real world
constraints. As a result, capturing processes of implementation are critical as they can
describe important variation in uptake, informing interpretation of the findings for external
validity. As described by Prost et al (41), for example, it is essential to capture what occurs
during such phased intervention roll-outs, as with following established guidelines for the
development of complex interventions including efforts to define and protocolize activities
before their implementation (17,18, 28). However, QEDs are often conducted by teams with
strong interests in adapting the intervention or ‘learning by doing’, which can limit
interpretation of findings if not planned into the design. As done in the study by Bailet et al
(3), the investigators refined intervention, based on year 1 data, and then applied in years 2—
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3, at this later time collecting additional data on training and measurement fidelity. This
phasing aspect of implementation generates a tension between protocolizing interventions
and adapting them as they go along. When this is the case, additional designs for the
intervention roll-out, such as adaptive or hybrid designs can also be considered.

3. Conduct community or cohort-based sampling to improve inference

External validity can be improved when the intervention is applied to entire communities, as
with some of the community-randomized studies described in Table 2 (12, 21). In these
cases, the results are closer to the conditions that would apply if the interventions were
conducted “at scale’, with a large proportion of a population receiving the intervention. In
some cases QEDs also afford greater access for some intervention research to be conducted
in remote or difficult to reach communities, where the cost and logistical requirements of an
RCT may become prohibitive or may require alteration of the intervention or staffing
support to levels that would never be feasible in real world application.

4. Employ a model or framework that covers both internal and external validity

Frameworks can be helpful to enhances interpretability of many kinds of studies, including
QEDs and can help ensure that information on essential implementation strategies are
included in the results (44). Although several of the case studies summarized in this article
included measures that can improve external validity (such as sub-group analysis of which
participants were most impacted, process and contextual measures that can affect variation
in uptake), none formally employ an implementation framework. Green and Glasgow (2006)
(25) have outlined several useful criteria for gaging the extent to which an evaluation study
also provides measures that enhance interpretation of external validity, for which those
employing QEDs could identify relevant components and frameworks to include in reported
findings.

CONCLUSION

It has been observed that it is more difficult to conduct a good quasi-experiment than to
conduct a good randomized trial (43). Although QEDs are increasingly used, it is important
to note that randomized designs are still preferred over quasi-experiments except where
randomization is not possible. In this paper we present three important QEDs and variants
nested within them that can increase internal validity while also improving external validity
considerations, and present case studies employing these techniques.
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Illustration of the stepped wedge study design-Intervention Roll-Out Over Time*

* Adapted from Turner et al 2017
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Figure 4.
Ilustration of the stepped wedge study design- Summary of Exposed and Unexposed

Cluster Time*
Adapted from Hemming 2015
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A randomized trial is not possible due to ethical concerns, practical barriers such as objections of collaborators,
or is not feasible as a result of a policy being implemented for which you have no ability to influence the timing

NOTE: The research question(s) should help drive choice of study design

QED Starting Point:
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QED Design

Key Design Elements

Advantages

Disadvantages

Pre-Post with
Non-
equivalent
control group

Comparison of those receiving the
intervention with those not receiving it.
Analysis is usually based on estimating the
difference in the amount of change over
time in the outcome of interest between the
two groups, beginning with the intervention
and moving forward in time;

The two groups can also be a different
group examined using a before and after
intervention cohort

Simplicity of data collection,
when smaller number of time
points, and associated lower
cost; less cumbersome to
implement than other designs

Temporal biases are a substantial risk and
may result in regression to the mean or
over-interpretation of intervention effects;
quality of data may vary in different time
periods resulting in measurement error;
non-equivalent sites may not be
comparable for important covariates

Interrupted Multiple observations are assessed for a Useful for when there is a Requires a large number of measurements,
Time Series number of consecutive points in time before | small number of communities may not be feasible for geographically
and after intervention within the same or groups, as each group acts as | dispersed areas
individual or group their own control
May be only option for
studying impacts of large scale
health policies
Stepped Intervention is rolled out over time, usually All clusters or wait list groups May not be able to randomly assign roll-
Wedge at the site level. Participants who initially do | eventually receives the out of sites, thereby potentially
Design not receive the intervention later-cross over intervention; jeopardizing internal validity

to receive the intervention. Those that wait,
provide control data during the time others
receive the intervention, reducing the risk of
bias due to time and time-dependent
covariates.

Can either be based on serial cross-sectional
data collected by sites for different time
periods (sites cross over) or by following a
cohort of same individuals over time
(individuals cross over)

Do not need to supply
intervention in all sites in a
short time frame “staggered
implementation”

Cannot guarantee everyone in each cluster
or list will receive the intervention during
the time that cluster is receiving the
intervention

-Often takes longer than other designs to
implement

-Control data must be collected or
ascertained from sites or participants
-Site differences and implementation
processes can vary significantly over time
-Risk of contamination in later sites or
intervention fatigue — both can wash out
potential intervention effects
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Improving Quasi-Experimental Designs-Internal and External Validity Considerations

Table 2
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Study/General
Design

Intervention

Design Strategy to Improve Internal Validity

Design Strategy to Improve
External Validity

Pre-Post Designs witl

h Non-Equivalent Control Group

Cousins et al 2016

Campus Watch program targeting
problem drinking and violence at 1
university campus with 5 control
campuses in New Zealand

Consistent Sampling Across and Within
Control sites:

« Standardization of independent repeat
sampling, survey and follow-up methods
across all sites (5 control and 1 intervention
site)

Multiple non-equivalent control groups

« 5 sites as controls studies aggregate and
individually as controls

Collection of additional data to support
inference:

» Consumption and harms data from national
surveys to compare data trends over time

Over-sampling of indigenous
groups to extend
interpretation of findings

Wertz et al 2012

Chronic disease management
program with pharmacist-based
patient coaching within a health care
insurance plan in Cincinnati, US

Prospective cohort sampling to improve
control group similarity:

* Matching of participants with non-
participants on demographic and health care
access measures (using propensity score
matching)

Alonso 1993

Distribution of bed nets to prevent
malaria and reduce malaria mortality
in Gambia

41 sites receiving intervention
compared to external villages (which
differed by size and ethnic
distribution)

Collection of additional data to support
inferences:

« Examination of data trends during the
highest infection times of the year (i.e., rainy
season vs dry season) to see if rates were
higher then.

Subgroup analysis:

* Detailed study of those using bed nets within
intervention villages (i.e., guaranteed
exposure “dose”, to examine dose-response in
intervention arm

Interrupted Time Ser

ies

Study/General
Design

Intervention

Design Strategy to Improve Internal Validity

Design Strategy to Improve
External Validity

Pellegrin 2016
Interrupted time
series with
comparison group

Formal transfer of high-risk patients
being discharged from hospital to a
community-based pharmacist follow-
up program for up to 1 year post-
hospitalization (6 intervention and 5
control sites)

Extended period of data collection:

« Long baseline period (12 pre-intervention
data points)

Control Group

Inver se Roll-Out/Covariate Balance:

« Intervention roll-out staggered based on staff
availability (site 1 had eight post-intervention
data points while site 8 had two)

Detailed implementation-
related process measures
monitored (and provided to
individual community-based
pharmacists regarding their
performance) over entire
study period

Robinson 2015
Interrupted time
series without
control group

New hospital discharge program to
support high-risk patients with nurse
telephone follow-up and referral to
specific services (such as pharmacists
for medication reconciliation and
review)

Regression discontinuity analysis:

« Additionally examined regression
discontinuity during the intervention period to
determine if the risk score used to determine
eligibility for the program influenced the
outcome

Measured implementation
outcomes of whether the
intervention was delivered
with high fidelity to the
protocols

Zombré 2017
Interrupted time
series with
comparison group

Removal of direct payment at point
of health care services for children
under 5, very low income individuals
and pregnant women re:
consultations, medications and
hospitalizations

Extended period of data collection:

Built into a pilot to collect control data, and
then extend this work to include additional
districts, one intervention and one non-
intervention district, along with 6 additional
years of observation.

Control Group

Examined sustainability over
72 months of follow-up, and
associations with clinic
characteristics, such as
density of workforce.

Stepped Wedge Desi

agn
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Design

Intervention

Design Strategy to Improve Internal Validity
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Design Strategy to Improve
External Validity

Killam et al 2010
Non-randomized
stepped wedge
cluster trial

Site-level roll out of integrated
antiretroviral treatment (ART)
intervention in 8 public sector clinics,
to achieve more rapid treatment
initiation among women with HIV in
Zambia, than the existing referral
method used for initiation of
treatment.

Site Matching:

* The 8 sites were matched into four pairs
based on the number of HIV-infected pregnant
women expected in each site.

Inver se Roll-Out/Covariate Balance:

* The intervention roll out was done for one
member of the least busy pair, one member of
the second busiest pair, one member of the
third busiest pair, and one member of the
busiest pair. Rollout to the remaining pairs
proceeded in reverse order.

Wash-out Period/ Transition Cohort/:

* A transition cohort was established that was
later excluded from the analysis. It included
women who were identified as eligible in the
control period of time close to the time the
intervention was starting.

Morison et al 2015
See also: Dainty et
al 2011
Randomized
stepped wedge
cluster trial

Multi-faceted quality improvement
intervention with a passive and an
active phase among 6 regional
emergency medical services systems
and 32 academic and community
hospitals in Ontario, Canada. The
intervention focused on comparing
interventions to improve the
implementation of targeted
temperature management following
out-of-hospital cardiac arrest through
passive (education, generic protocol,
order set, local champions) versus
additional active quality improvement
interventions (nurse specialist
providing site-specific interven- tions,
monthly audit-feedback, network
educational events, inter- net blog)
versus no intervention (baseline
standard of care).

Cluster randomization with constrained
randomization for size:

» Randomization at the level of the hospital,
rather than the patient to minimize
contamination, since the intervention targeted
groups of clinicians.

* Hospitals were stratified by number of
Intensive Care Unit beds ((< 10 beds vs = 10
beds as a proxy for hospital size).
Randomization was done within strata.
Transition Cohort/ Phased Roll-Out of
Intervention Components:

* Formalized a transition cohort for which a
more passive intervention strategy was tested.
This also allowed more time for sites to adopt
all elements of the complex intervention
before crossing over to the active intervention
group.

Characterization of system
and organizational factors
that might affect adoption:
Collection of longitudinal
data relevant to
implementation processes
that could impact
interpretation of findings
such as academic vs
community affiliation, urban
vs rural (bed size)

Cissé et al 2016
Randomized
stepped wedge
cluster trial

Seasonal malaria prophylaxis for
children up to age 10 in central
Senegal given to households monthly
through health system staff led home
visits during the malaria season.

The first two phases of
implementation focused on children
under age 5 years and the last phase
included children up to age 10 years,
and maintained a control only group
of sites during this period.

Constrained Randomization of Clustersby
Geographic Indicatorsand Time Period:

« Constrained randomization of program roll-
out across 54 health posts catchment areas and
center-covered regions,

* More sites received the intervention later
stages (n=18) than in beginning (n=9).

» To achieve balance within settings for
potential confounders (since they did not have
data on malaria incidence), such as distance
from river, distance from health center,
population size and number of villages,
assessment of ability to implement.
Control-Only Clusters:

* Included nine clinics as control sites
throughout the study period.

Characterization of factors
that might affect usage and
adherence made with
longitudinal data:
Independent evaluations of
malaria prophylaxis usage,
adherence, and acceptance
were included prospectively,
using routine health cards at
family level and with
external assessments from
community surveys. In-
depth interviews conducted
across community levels to
understand acceptability and
other responses to the
intervention

Included an embedded study
broadening inclusion
criteria, to focus on a wider
age group of at risk children

Grant et al 2005
Wait-list
randomized
stepped wedge
design

Enrollment of 1,655 male mine
employees with HIV infection
randomized over a short period of
time into an intervention to prevent
TB infection (use of isoniazid
preventive therapy), among
individuals with HIV. Treatment was
self-administered for 6 months or for
12 months and results were based on
cohort analyses.

Wait-list Individual Randomization:
» Employees were invited in random sequence
to attend a workplace HIV clinic.

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.

Enumeration of at risk
cohort and estimation of
spill-over effect beyond
those enrolled:

Since they used an
enrollment list, they were
able to estimate the effect of
the intervention (the
provision of clinic services)
among the entire eligible
population, not just those
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enrolled in the intervention
over the study period.

Ratanawongsa et
al; Handley et al
2011

Wait-list
randomized
stepped wedge
design

Enrollment of 362 patients with
diabetes into a health-IT enabled self-
management support telephone
coaching program, using a wait-list
generated from a regional health plan,
delivered in 3 languages.

Wait-list for Eligible Randomization:

* Patients were identified from an actively
maintained diabetes registry covering 4 safety
net health clinics in the United States, and
randomized to receive the coaching
intervention immediately or after 6 moths.
Constrained Randomization by L anguage
« Patients were randomized to balance
enrolment for English, Cantonese, and
Spanish, over the study period.

External validity-related
measures for acceptability
among patients as well as
fidelity measures, for the
health 1T-enabled health
coaching intervention were
assessed using a fidelity
framework.

Bailet et al 2011

Literacy intervention for pre-
kindergarten children at risk for
reading failure in a southern US city
administered in child care and pre-
school sites, delivered twice a week
for 9 weeks.

For large sites, did not randomize at
site level, but split the schools, so all
children could be taught in the
intervention period, either fall or
spring. At-risk children in these
“split” schools received intervention
at only one of the two time points (as
did their “non-split school” peers);
however, the randomization to
treatment group occurred at the child
level.

Constrained randomization for size, then
cluster randomization within strata.

» Random assignment of clusters (schools).
Site Matching:

» Matched pairs of child care centers by zip
code and percentage of children receiving a
state-sponsored financial subsidy. Within
these groups random assignment to receive
either immediate or deferred enrolment into
the intervention.

External validity was
enhanced in years 2-3 with a
focus on teacher training for
ensuring measures fidelity,
completion of each week of
the curriculum to enhance
assessment of a potential
dose-response.

Refined intervention applied
in years 2-3, based on initial
data.

Fernald et al 2008

Mexican Government randomly
chose 320 early intervention and 186
late (approximately one year later)
intervention communities in seven
states for Oportunidades, which
provided cash transfers to families
conditional on children attending
school and family members obtaining
preventive medical care and attending
pldticas—education talks on health-
related topics.

Constrained Randomization of Clusters
Time Period:

» More communities randomized to an early
intervention period

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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BOX 1.

DEFINITIONS AND TERMS USED IN PAPER

Termsand Definitions

Quasi-Experimental
Design:

QED:s include a wide range of nonrandomized or partially randomized pre-post intervention studies

Pre-Post Design

A QED with data collected before and after an intervention is introduced, and then the compared. An added
control group can be added for a Pre-Post Design with a Non-Equivalent control group

Non-Equivalent Control
Group

A control group that is not randomly assigned to receive or not receive the intervention. Usually, an intact group
is selected that is thought to be similar to the intervention group.

Interrupted Time Series
Design

Multiple observations are evaluated for several consecutive points in time before and after intervention within the
same individual or group

Stepped Wedge Design

A type of crossover design where the time of crossover is randomized

Wash out period

Time period for which a prior practice or intervention is stopped, and a new one is implemented, for which both
interventions may be operating, and thus the data is excluded.

Inverse Roll-Out

Sites are rolled out to receive the intervention using a structured approach to create balance between the sites
over the roll-out time period, using a sample characteristic that is ordered (and then reverse ordered). Commonly
size or geography may be used. (e.g. 1,2,3,4 for size followed by 4,3,2,1)

Partial Randomization

A type of stratified randomization, with strata constructed for potential confounding variables and randomization
occurs separately within each stratum (also called blocked randomization)

Internal Validity

Internal validity refers to the extent to which a study is capable of establishing causality is related to the degree it
minimizes error or bias

External Validity

External validity describes the extent to which a research conclusion can be generalized to the population or to
other settings

Annu Rev Public Health. Author manuscript; available in PMC 2021 March 31.
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BOX 2:

Common Threats to Internal Validty of Quasi-Experimental Designs Evaluating Interventions in ‘Real World’
Settings

History Bias Events other than the intervetion occuring at the same time may influence the results

Selection Bias Systematic differences in subject characteristics between intervention and control groups that are related to the
outcome

Maturation Bias Occurs when changes occur to individuals in the groups, differently, over time resulting in effects, in addition to (or
rather than) the treatment condition, that may change the performance of participants in the post-test relative to the
pre-test

Lack of Blinding Awareness of group assignement can influence those delivering or receiving the intervetion

Differential Drop-Out Attrition that may affect either intervention or control groups differently and result in selection bias and/or loss of

statistical power

Variability in interactive Implementation of intervention with multiple components may vary across the implementation process and by sites
effects

*
adapted from White et al
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