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Abstract
Single-case design has a long history of use for assessing intervention effectiveness for children

with disabilities. Although these designs have been widely employed for more than 50 years,

recent years have been especially dynamic in terms of growth in the use of single-case design

and application of standards designed to improve the validity and applicability of findings. This

growth expanded possibilities and inspired new questions about the contributions this method-

ology can make to generalizable knowledge about intervention in special education. In this art-

icle, we discuss and extend previous standards for studies using single-case designs. We identify

new suggestions for internal validity, generality and acceptability, and reporting. We also provide

considerations for single-case synthesis and discuss the complexities of assessing accumulating

evidence for a given practice.

Single-case designs (SCDs) allow for causal
(functional) relations to be established between
environmental conditions and participant
behaviors (Horner et al., 2005; Kazdin,
2016; Riley-Tillman et al., 2020). Several
features characterize SCDs: (a) focus on within-
participant or within-group changes in behavior
rather than between-participant or between-group
changes (i.e., the individual or case serves as their
own control), (b) repeated measurement over
time in at least two conditions, and (c) following
prespecified rules for introduction (and/or with-
drawal) of conditions. These rules entail one of
three paradigms: sequential introduction and
withdrawal, rapid iterative alternation, or time-
lagged implementation. These rules and specific
design variations (e.g., multiple baseline, with-
drawal) are described in numerous other
sources. Readers unfamiliar with basic features
of SCD may benefit from reviewing those
(Johnston et al., 2010; Kazdin, 2016; Ledford

et al., 2018; Ledford & Gast, 2018), as this dis-
cussion of contemporary issues with SCD
assumes fluency with the logic and rationale
behind these methods.

SCDs have been important for special edu-
cation research since their inception, and they
remain both frequently used and necessary for
accumulating evidence in the field (e.g., 83%
of studies assessing interventions for indivi-
duals with autism use SCDs; Steinbrenner
et al., 2020). Moreover, the individual focus
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of SCDs is aligned well with the goals of edu-
cation in general and special education in par-
ticular (Repp & Lloyd, 1980). Despite wide
use, agencies and researchers have often
excluded SCD research evidence from sys-
tematic reviews due to difficulty quantifying
and synthesizing outcomes (Shadish et al.,
2015), related to the use of visual analysis as
the historically preferred method for data ana-
lysis. SCDs were historically derived using an
inductive model of research, with the purpose
of isolating conditions that control specific beha-
viors for a given participant (Johnson & Cook,
2019; Repp & Lloyd, 1980). More recently,
scholars have used SCD in alignment with a
deductive approach, emphasizing evaluation of
an independent variable for improving a depend-
ent variable, given hypotheses based on theory
and previous work. The synthesis of data
across studies (e.g., systematic review and
meta-analysis) for the purpose of determining
the evidence base of an intervention is necessar-
ily deductive in nature.

Outside of textbooks, the first notable
attempt to set standards for SCD came when
the Council for Exceptional Children (CEC)
Division of Research (DR) commissioned a
task force that developed quality indicators
for SCD, published in Exceptional Children
in 2005. These authors identified quality indi-
cators for SCD research and proposed how
SCD studies could contribute to evidence for
effective intervention practices for disabled
people. (Throughout this manuscript, we use
a mix of identity-first and person-first lan-
guage, given many self-advocates prefer
identity-first but while acknowledging that
some individuals prefer person-first language;
e.g., Bury et al., 2020; Kenny et al., 2016.)
The authors formalized criteria for rigorous
SCD research, which we will refer to as the
DR-SCD Standards (Horner et al., 2005).
This group argued its proposed standards
would allow readers to determine whether an
individual study was a “credible example” of
SCD research and whether a practice was vali-
dated across studies as “evidence-based”
(Horner et al., 2005, p. 165). The measurable
criteria proposed by the authors allowed for
more consistent evaluation of previously con-
ducted studies and provided benchmarks for

researchers as they planned and conducted
new studies. This article solidified historically
accepted but inconsistently applied conven-
tions described by textbooks and established
them instead as standards. This was intended
to be helpful for the field, with clear expecta-
tions leading to more consistent production
and assessment of SCD research.

Almost a decade after the DR-SCD Standards
appeared, a different group proposed new
standards, as part of a different task force
commissioned by the CEC (2014) and called
the “Standards for Evidence-Based Practices
in Special Education” (referred to hereafter as
the CEC-EBP Standards). These standards
combined expectations for group designs and
SCDs, with some standards applying to
both and others to only SCD or only group
designs. Generally, the CEC-EBP Standards
were similar to those proposed by the DR in
2005 (see Supplemental File 1 for a crosswalk).

Alongside standards developed via CEC,
the What Works Clearinghouse (WWC) of the
Institute for Education Sciences (IES) designed
a more limited set of standards focused on inclu-
sion of single-case studies in WWC reviews
(WWC, 2010). IES also explicitly identified
SCDs as appropriate for funded research, espe-
cially related to intervention development and
iterative refinement (Kaiser, 2014). The WWC
standards were much more limited than
DR-SCD and CEC-EBP standards, including
only a few items directly related to internal val-
idity. The WWC has also continued to iterate on
their proposed standards, which were recently
graduated from “pilot” status to become a
regular component of their standards (WWC,
2020). The DR-SCD, CEC-EBP, and WWC
standards have been widely used and cited in
relation to judging study rigor for inclusion in
systematic reviews and for assessing quality of
included studies.

The DR-SCD, CEC-EBP, and WWC stan-
dards have all contributed to developments in
the field, including increased acceptance of
SCD research, greater attention to rigor of
SCD research, and increased consideration
for how to consider outcomes for large
bodies of SCD research. Benefits of these
advancements cannot be overstated. Given
this context, we propose to qualify and
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extend guidance for the field by offering
insights related to the strengths and weak-
nesses of these commonly used standards.
Our focus will be on the importance of
accounting for contextual factors (e.g., meas-
urement of generalized behaviors in typical
settings, behavior complexity, intervention
development stage) that impact attainment of
conventional standards and on the nuance
required to understand evidence accumulation
in special education research. Our recommen-
dations are designed to assist researchers in
planning and conducting highly rigorous
SCD studies and to help them identify areas
of strength and weaknesses in other studies.
They may be helpful, for example, for con-
ducting assessments of whether certain study
characteristics are associated with outcomes
(e.g., if studies without interobserver agree-
ment (IOA) data have larger effects, we
might surmise that observer bias accounts for
differences). We propose that these guidelines
serve not as a minimum standard for inclusion
in reviews (such as the WWC standards) or for
publication but rather as a set of recommended
practices for the field. We intend for the
recommendations to be considered prelimin-
ary and as a starting point for future work,
especially related to developing consensus
among SCD researchers.

In the first section of the manuscript, we
explain guiding principles used to develop
the recommended practices and then provide
the recommendations, which are listed in
Tables 1 through 3. In Section 2, we discuss
SCD meta-analysis and synthesis. In Section
3, we examine the complexities associated
with identifying “evidence-based practices.”
In all sections, we use the guiding principles
and draw heavily from previous reviews
(e.g., DR-SCD, 2005; WWC, 2020).

Section 1: Recommended
Practices for Conducting SCD
Research

Guiding Principles

1. Strengths of studies should be con-
sidered separately by domain (i.e.,

internal validity vs. external valid-
ity). The DR-SCD and CEC-EBP
standards are divided into seven or
eight domains (e.g., internal validity,
dependent variables) with many stan-
dards related to reporting, several
related to internal validity, and some
related to external validity; the WWC
standards solely focus on internal val-
idity. We separate recommendations
for internal validity, external validity,
and reporting, with the intention of
setting clear expectations for the pro-
duction of new evidence and for
better characterization of accumulated
evidence in systematic reviews. We
use the term external validity to refer
to generality outside of the original
study contexts or populations and
social validity to refer to the extent to
which stakeholders and participants
find interventions, goals, and proce-
dures to be acceptable.

2. Emphasis on internal or external
validity should be based on the
stage of research and its purposes.
DR-SCD standards suggest research-
ers should attend to socially important
dependent variables, typical interven-
tion agents, and practical and cost-
effective intervention implementation.
CEC-EBP retained a few of these
considerations (e.g., dependent vari-
ables should be “socially import-
ant”). However, guidelines related
to external and social validity may
not be similarly applicable for all
studies—instead, they are relevant
when the original researcher or sys-
tematic reviewer has an associated
research question. Relatedly, when
the research question calls for it,
social validity should be sacrificed
for internal validity. For example,
when comparing instructional proce-
dures, internally valid comparisons
require the use of stimuli that are
unlikely to be learned outside the
study context (i.e., to protect against
history threats). In this case, having
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socially unimportant dependent vari-
ables is required for adequate internal
validity (i.e., participants cannot
contact the information in typical
activities outside of the study). The
ability to answer the research ques-
tion (i.e., Which procedure leads to
faster acquisition?) is facilitated by
failing to meet the standard of
social importance. We thus empha-
size that the types and qualities of
evidence provided by a study
should be scaled in accordance with
the purpose of that study (e.g.,
increased emphasis on internal and
less on external validity when trying
to establish the existence of a phe-
nomenon under controlled condi-
tions and the converse when trying
to demonstrate social validity).

3. Guidelines for the field should be
flexible. Expectations to adhere to
inflexible rules may be a context that
discourages important work and
encourages problematic research prac-
tices. For example, researchers might
select a behavior that is easy to
measure rather than a more complex
one that better represents the construct
of interest (e.g., contrived interactions
during specific trials rather than inter-
actions occurring during typical activ-
ities) due to ease of reaching specific
interobserver agreement standards. Or
researchers might collect data that
increase the likelihood of high agree-
ment (e.g., gross agreement rather
than point by point) but result in
decreased ability to have discrepancy
discussions (i.e., exact disagreements
are not apparent), thus impeding accur-
ate data collection. Whereas these
decisions allow researchers to meet
some standards as conceived by the
field, they actually decrease the
extent to which threats to internal val-
idity are controlled. This consequence
might be avoided by allowing for flexi-
bility while requiring authors to under-
stand and provide rationales for their

decisions. Of course, such flexibility
creates a different but potentially
impactful problem: When there is no
official “bar” to meet, who decides
whether an author’s rationale is suffi-
cient? One important consideration
when determining to what extent
guidelines should be applied is
whether researchers are using induct-
ive or deductive logic. For example,
the extent to which preregistration of
procedures and analyses is appropriate
is dependent on whether researchers
take an inductive approach and use fre-
quent, dynamic decision-making or
whether they take a more deductive
approach that is relatively static.

4. Guidelines for the field should be
context specific. This principle is
related to the previous two, in that we
argue that nuance is necessary. For
example, it may be considerably easier
to collect reliability data (i.e., IOA and
fidelity) during researcher-implemented,
trial-based, video-recorded research in
the context of short sessions rather than
when measuring free-operant behaviors
during sessions conducted by endogen-
ous implementers in typical contexts. If
we hold all research to the same rules
(e.g., collection of sufficient reliability
data with high agreement and adher-
ence), we may unintentionally reduce
meaningful research on socially valid
outcomes that are representative of
typical contexts because it is harder to
meet certain benchmarks in this type of
work. As an example, consider reliable
data collected in the context of an SCD
related to a clinic-based intervention
for challenging behavior, with a clearly
demonstrated functional relation. These
data “meet standards,”which has impli-
cations for both acceptance for publi-
cation and inclusion in systematic
reviews. Now consider a context in
which, still as part of a SCD, a care-
giver collects data on challenging
behavior that occurs outside of ses-
sions. It would be unreasonable to
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assess parent fidelity to procedures
throughout the day or to assess obser-
ver reliability when the variable of
interest (e.g., generality) occurs in
isolated contexts in which a single
adult is providing care (e.g., at home,
across a typical day; Lambert et al.,
2022). Disregarding these data for pub-
lication and synthesis, however, would
be a serious disservice to the field.
Again, we run into a different, poten-
tially impactful problem: Who decides
when collecting fewer reliability data or
none at all is warranted? To answer
these questions, we argue that the peer
review process, when conducted by
knowledgeable agents, should serve this
purpose. This would be facilitated by
widespread acceptance of flexible stan-
dards. Expert review and consensus
building across many groups of research-
ers is also needed (e.g., via the use of a
series of Delphi studies).

5. Diversity, equity, and inclusion should
be a priority. It is apparent we should
engage in equitable, diverse, and inclu-
sive behaviors when conducting research
and providing clinical services in special
education settings (Kratochwill et al.,
2021; Morris et al., 2021; Pritchett
et al., 2021). Unfortunately, systemic
equity issues, like structural racism and
lack of cultural awareness, likely
impact all stages of research. This
includes steps such as determining
dependent variables of interest, identifi-
cation of participants who receive inter-
ventions and the settings in which they
receive them, the extent to which devel-
oped interventions and materials are
inclusive and culturally appropriate for
a diverse range of participants, and reten-
tion of and outcomes for participants. To
ensure goals, methods, and outcomes
remain socially valid, it is crucial for
researchers to ensure that culturally rele-
vant and inclusive practices are embed-
ded into research protocols (cf. Hayes
& Toarmino, 1995; Shogren et al.,
2021). Because SCD research is flexible,

it offers opportunities for researchers to
recruit participants from underserved
populations and use implementation
science and participatory research
models to design effective and valued
interventions (Pritchett et al., 2021;
Sutherland et al., 2022; Yee, 2016).
Thus, researchers should consider indi-
vidual and cultural differences that
shape value systems, experiences, and
needs of participants. This has the poten-
tial to improve social validity of given
interventions across diverse groups.
When appropriate, the use of mixed-
methods research may help answer
social validity questions associated with
cultural relevance in tandem with experi-
mental questions (Corr et al., 2020).

6. Science should be conducted transpar-
ently. Replicability is a cornerstone of
single-case research and science more
generally. Replicability and transparency
of SCD research studies are crucial for
maintaining the self-correction processes
on which science relies (Cook et al.,
2021a, 2021b). Promotion of transpar-
ency has become increasingly attainable
through development of preregistration
practices and facilities for providing
online supplements to published articles,
which reduces the constraints of page
limits on the ability of researchers to
fully explain decisions related to the
design, production, and analysis of
SCD research.

Conduct and Assessment of SCD Studies

Given recent advancements and our guiding
assumptions, we provide recommendations
for SCD analysis in Tables 1 through 3. We
identify recommended practices related to
internal validity, external validity, and report-
ing for (a) design and research questions, (b)
dependent variables and measurement, (c)
data collection and analysis, (d) participants
and contexts, (e) independent variables and
implementers, and (f) transparency, ethics,
and cost. Citations are intended to direct
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readers to additional resources; Supplemental
File 2 includes these references. Throughout,
we avoid specific criteria (e.g., 80% agree-
ment) and instead encourage researchers to
make a priori decisions, justify them based
on context, and report them transparently.
Next, we describe general considerations for
each domain and some major differences
between our recommendations and common
standards in the field (e.g., DR-SCD,
WWC). Supplemental File 3 includes ratio-
nales for each guideline, and Supplemental
File 4 lists guidelines in a matrix format with
internal validity, external validity, and report-
ing listed together for each domain.

Internal Validity. In Table 1, we identify
internal validity guidelines, including maxi-
mizing ability to detect threats via design
selection, measurement practices, and trans-
parent planning. We specify that designs
must include three potential demonstrations
of effect (as required by WWC) rather than
three demonstrations of effect (as required by
DR-SCD, CEC-EBP). This clarification pre-
vents studies with noneffects from being dis-
qualified as sources of evidence, given other
criteria are met (Tincani & Travers, 2018).
Notably, we do not specify that a pattern of
experimental control is necessary, as doing so
could result in exclusion of noneffects from sys-
tematic reviews. Although consistent noneffects
do not always allow us to draw confident con-
clusions (i.e., plausible alternative explanations
might exist), bodies of work including none-
ffects are important for identifying contexts in
which a given intervention is unlikely to
produce positive outcomes. Consistent with his-
torical precedent, we assert that expected
changes that occur at least three times and are
consistent within the design provide evidence
for a functional relation.

In our guidelines, we emphasize import-
ance of stable data patterns rather than a
fixed number of data points (e.g., WWC,
2020) and specify that randomization and
use of naive observers (blind or masked asses-
sors) can reduce expectancy bias in some cir-
cumstances. We recommend use of visual
analysis as the analysis method appropriate
for identifying functional relations—because

it allows determination of both whether out-
comes were positive (i.e., changed when and
only when conditions changed) and whether
common threats to internal validity are likely
(e.g., history, maturation). Visual analysis guide-
lines are available in Supplemental File 5. We
clarify that effect sizes can be reported as an esti-
mate of magnitude of change between condi-
tions and that some recommendations are
relevant only when a deductive, rather than an
inductive, approach is used to guide the research
(Cook et al., 2021b; Johnson & Cook, 2019).

External and Social Validity. In Table 2, we
specify that social validity, generalization,
maintenance, and cost outcomes may be rele-
vant given a researcher’s questions. We assert
that study parameters (i.e., participants, con-
texts, implementers) should be representative
of situations to which authors aim to general-
ize or that differences should be explicitly
identified. We specify that social validity pro-
cedures less subject to social desirability bias
are preferred and that authors should explicitly
address social desirability if more subjective
measures are used (e.g., when a researcher
associated with implementation administers a
questionnaire). Notably, we do not specify that
the social importance of the dependent variable,
social value of behavior change, cost-
effectiveness, or use of endogenous implementers
or contexts is essential for every study. The
importance of each should be determined based
on the contribution of a study in the context of
the broader literature. For example, if a single
study contributes initial exploration of a practice,
then social validity may not be a focus. However,
an assessment of an intervention contributing to a
well-established literature base may promote
translation of the intervention to typical contexts
by considering cost-effectiveness and employing
endogenous implementers in typical contexts.

Reporting. In Table 3, we specify specific
reporting guidelines crucial for interpreting
SCD research. We acknowledge that research-
ers may not be able to report all recommended
information in a typical manuscript but argue
that inclusion of online supplemental materi-
als (via journals or third-party repositories) is
generally possible. Notable differences from
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Table 1. Recommendations for Improving Internal Validity.

Internal Validity

Design and research questions: Select and use designs that allow for detection of threats to
internal validity so that research questions can be answered.

• Use design appropriate for research questions and dependent variables (Ledford et al., 2019a).

• Use a design with at least three potential demonstrations of effect between adjacent conditions (e.g.,

three A-to-B comparisons). Designs with fewer than three demonstrations due to participant withdrawal

or noneffects can be considered as potentially important evidence of intervention limits.

• Determine a priori a strategy for assigning participants to intervention start times (time-lagged designs)

or condition order (rapid iterative alternation designs). Randomization, including blocked randomization,

is acceptable, as is purposeful ordering (e.g., planning functional analysis conditions in an order designed

to minimize carryover effects) (Kratochwill & Levin, 2014; Ledford, 2018; Levin et al., 2019).

• Use multiple-baseline designs only when baseline lengths are sufficiently different in terms of time,

number of sessions, and date (Slocum et al., 2022).

Dependent variables and measurement: Measure behaviors in ways that increase believability.
• When possible, have data collectors who are naive to study condition. In some studies, condition changes

are apparent (e.g., different materials across conditions). In other situations, resources or practical

constraints prohibit the use of naive raters. When use of naive coders is not feasible or possible, report

explicitly that increased risk of bias may exist (Yoder et al., 2018b; Yoder & Crandall, 2019).

• Use a measurement system representative of the dimension of interest (e.g., duration, number).

• Collect reliability data frequently and obtain acceptable agreement for each condition and participant.

Determine criteria for the frequency and level of agreement data appropriate for the specific study

context, and rationalize decisions (e.g., trial-based data in a contrived context may require high

agreement, whereas free-operant behaviors measured in a classroom may require lower agreement). If

collecting reliability data is not possible, criteria are low, or criteria are not met, explain the extent to

which this impacts data interpretation (Repp et al., 1976).

• Regularly assess agreement between primary and secondary coders throughout the study (e.g., by

graphing data from both observers and assessing for bias or drift) and take steps to resolve discrepancies

as needed (e.g., retraining) (Ledford & Wolery, 2013; Yoder et al., 2018b).

Data collection and analysis: Collect enough data to draw confident conclusions about effects
and analyze according to predetermined protocols.

• When using a deductive approach, identify the primary variable a priori. This variable should be used in

response-guided decision-making and to draw primary conclusions.

• When using a deductive approach, identify secondary variables (e.g., corollary, generalization) and

explicitly identify whether these variables represent exploratory or confirmatory relations.

• When using a deductive approach, identify a priori expected data patterns within and between conditions

(e.g., stable baseline data with increasing trend in intervention for skill acquisition data, variability in both

conditions, with a change in level between conditions for challenging behavior data collected in a

classroom).

• Collect data on a sufficient number of measurement occasions to establish level, trend, and variability in

each condition. Behaviors with more stable data patterns or those that are subject to testing threats

require fewer data points to establish internal validity. Exceptions should be made for dangerous or

otherwise highly problematic behaviors (Kazdin, 1978). When using response-guided decision-making,

stable data patterns are more important than specific numbers of data points.

• If it is aligned with a research question, calculate an appropriate effect size to describe the magnitude of

differences between conditions.

Independent variables and measurement: Measure implementation to ensure differences
between conditions occurred as planned.

• Identify components of intervention intended to result in desired outcomes (i.e., presumed active

ingredients), including materials and implementer behavior. Consider how ingredients are used (e.g.,

rules), by whom, for how long (dosage, including time and the number of trials, if applicable), and how

frequently (e.g., over what time frame). Identify what components are present in intervention only (i.e.,

independent variables) and those that are present across conditions (i.e., control variables; Abry et al.,

2014; Cook et al., 2017; Frost et al., 2020; Yoder et al., 2012).

• Collect data providing evidence that all conditions are implemented as described using direct

(continued)
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the previous standards include recommenda-
tions for increased transparency and reporting
information necessary to judge ethical admin-
istration of SCD research, such as conflicts of
interest and adverse events. We also encour-
age authors to share preprints or postprints to
increase access to research; most journals
allow for posting of unformatted postprints
even after the article has been published.

Section 2: Synthesis of SCD
Research

As the availability of findings from SCD
studies has grown, researchers have sought
tools to draw broader conclusions about inter-
vention practices using evidence from mul-
tiple studies. Some tools for doing so are
based on rules of thumb or professional con-
ventions, such as the approach described in
the DR-SCD Standards (described further in
the next section). Other approaches are based
on systematic review and meta-analysis
methods, which involve quantitative analysis
of results from multiple SCD studies.

Over the past two decades, production of
systematic reviews and meta-analyses has bur-
geoned, although methodologists have noted
important shortcomings in conduct and report-
ing (Jamshidi et al., 2018). Along with
increased production of reviews, the field has
also seen a methodological renaissance, with

many new—and increasingly sophisticated—
proposals for how to quantitatively analyze
and meta-analyze SCD data (Manolov et al.,
2021; Shadish, 2014). Many of the processes
and considerations involved in conducting a sys-
tematic review and synthesis of SCD research
are closely analogous to those involved in syn-
thesizing findings from between-group experi-
mental studies or other types of research
designs (Pustejovsky & Ferron, 2017). Readers
interested in the how-to of synthesis can look
elsewhere for overviews (Pustejovsky &
Ferron, 2017) and comprehensive, book-length
guides (Cooper, 2010). However, several con-
siderations are more unique to synthesis of
SCD research. In this section, we review
several of the central issues related to (a) select-
ing an effect size metric and an approach to
quantitative synthesis, (b) unique features of
SCDs, and (c) selective reporting.

Effect Size Metrics

Many of the methodological developments in
quantitative analysis of SCD studies have
focused on effect size measures, which are
quantitative indices that summarize the direc-
tion and strength of an intervention’s relation
with a dependent variable (Pustejovsky &
Ferron, 2017). A broad array of effect size
measures have been explored specifically
for use with SCD studies, including both mea-
sures based on parametric statistical models

Table 1. (continued)

Internal Validity

measurement of implementation, including systematic direct observation by a nonimplementing observer

for all participants in all conditions (Collier-Meek et al., 2020, 2021). When direct observation is not

possible or feasible, note that data may not be reliable and use other safeguards (e.g., regular reminders

sent to parents who collected data at home).

• When the likelihood of expectancy bias is high (e.g., data collection involves subjective assessments or

rating scales), collect agreement data on fidelity measurement.

Transparency, ethics, and cost: Improve replicability and generality by transparently reporting
plans, deviations, and relevant data.

• Preregister studies or explicitly plan and document via a written protocol which components of the

procedures are determined a priori and which components are changed using response-guided

decision-making (Cook et al., 2021a, 2021b). If response-dependent decisions are made (e.g., condition

change decisions, intervention modifications), describe the processes for determining these decisions

(e.g., operational definitions of data stability or nonresponse).

• Share data and additional study information (e.g., protocols, instructional materials) using open-science

resources (Cook et al., 2021a, 2021b).
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Table 2. Recommendations for Improving External and Social Validity.

External and social validity

Dependent variables andmeasurement: Define andmeasure behaviors that are representative
of those expected to change, given theory of change that drives intervention selection or
development.

• Select and define a behavior that is representative of the construct of interest.

• When applicable to research questions, use social validity measures with guards against potential social

desirability bias, including naive raters of conditions, normative comparison data of peers who do not

meet inclusion criteria, continued intervention use by endogenous implementers, participant preference

for intervention, stakeholder choices regarding intervention or procedures, or the use of interviewers

who are not apparently affiliated with study implementation (Kennedy, 2002; Ledford et al., 2016;

Snodgrass et al., 2021).

• Ensure that intervention and intervention targets are socially valid for all participants throughout the

research study (e.g., initial interviews, intervention check-ins, poststudy questionnaires) and that both are

developed to be inclusive of participants’ cultural context (Čolic et al., 2021; Lovelace et al., 2018).

• When applicable to research questions and in alignment with the theory of change, assess outcomes

under generalization conditions that permit inferences about participants’ ability to use target behaviors

in contexts of interest (e.g., at home with caregivers, in classroom with teachers; e.g., Ramirez et al.,

2019). Generalization data provided in the context of single-case design (e.g., data in generalization

context collected concurrently with data in training context) provides the most compelling evidence of

the presence or absence of generalized behavior change, whereas more intermittent data collection, pre-

and postintervention data collection, or postintervention-only data collection provides nonexperimental

but still potentially important evidence (Ledford & Gast, 2018).

• When applicable to research questions and in alignment with the theory of change, assess outcomes not

directly targeted by the intervention (e.g., corollary or generalization outcomes).

• When applicable to research questions and in alignment with the theory of change, assess behavioral

changes in a postintervention condition in which no intervention components are present. Contextually

bound or readily reversible behaviors may not be expected to maintain in the absence of intervention

elements; authors should articulate why maintained outcomes are or are not expected to support

understanding of why maintenance measurement did or did not occur.

Independent variables and implementers: Select contexts that are representative of those to
which authors would like to generalize findings.

• Specify inclusion criteria and descriptive information for implementers likely to impact fidelity of

implementation (e.g., teaching certification, at least one year of work in a classroom, prior experience

with intervention). When researchers are intervention agents, specify researcher characteristics that

might impact real-world application (e.g., resources, training, certification, experience).

Transparency, ethics, and cost: When cost is of interest, identify whether interventions are
feasible for adoption.

• Calculate cost of an intervention when relevant, especially when considering conditions under which an

intervention is likely to result in optimal outcomes. Cost is most important when authors specify that an

intervention should be scaled up for use in typical settings (Bradshaw et al., 2020; Schiebel et al., 2022).

Participants and contexts: Select participants and contexts to which generalizations are
desirable.

• Devise inclusion criteria that are necessary for participants to benefit from the intervention, and use

those criteria (and only those criteria) to select participants.

• Ensure that recruitment methods are equitable and that minoritized or disadvantaged groups are not excluded

based on recruitment, procedures, language spoken, or accessibility (Lovelace et al., 2018; Oh-Young, 2022;

Pritchett et al., 2021) or that such exclusions are explicit to allow other researchers to draw appropriate

generalizations (e.g., only English-speaking participants were recruited due to resource constraints).

• Describe recruitment methods (e.g., use of a particular school district) and population from which study

participants were drawn (e.g., children with autism) separately from inclusion criteria, unless these

characteristics are associated with likelihood of intervention benefit.

• Select contexts representative of settings and activities to which generalization is desirable. Researchers

may elect to use more highly controlled environments, even when researching phenomena that are

applicable in applied settings. This is acceptable if they explicitly acknowledge contextual differences

between research and applied settings and that generalization to applied settings is unknown.
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Table 3. Recommendations for Improving Reporting.

Reporting

Design and research questions: Report questions guiding the study and enough information
about design to allow readers to draw accurate conclusions.

• When using a deductive approach, report at least one directional and falsifiable research question

(primary question). Report other questions as applicable (e.g., exploratory questions, corollary

outcomes, generalization, maintenance, social validity). When questions are inductive in nature, specify

that such is the case.

• Report design type, including concurrence (for multiple-baseline and multiple-probe designs).

• Report specific operational rules used to determine condition changes (response guided) or how

condition lengths were selected and assigned (predetermined).

• Report rationale for selecting design and how potential threats to validity may be detected.

• Report randomization decisions and condition ordering rules transparently.

Dependent variables and measurement: Report relevant information about how behaviors are
defined and measured.

• Explicitly report which outcome is primary (on which condition change decisions are made, in alignment

with the theory of change) or secondary (corollary) and whether all measured dependent variables were

planned a priori.

• Describe operational definitions and examples and nonexamples of target behaviors.

• Describe how coders were trained and whether they had to reach a specific criterion before beginning

data collection.

• Describe measurement system with replicable precision, including system and features (e.g., partial

interval recording with 15-s intervals and 5-s breaks), assessors (e.g., graduate students naive to

condition), and timing (e.g., collected during sessions or via video recording).

• When discontinuous measurement is used, explicitly report dimension of interest (e.g., momentary time

sampling to estimate duration) and evidence that the discontinuous method used matches the dimension

of interest (Prykanowski et al., 2018; Pustejovsky & Swan, 2015; Wood et al., 2016).

• Report explicitly the extent to which behaviors represent context-bound versus generalized and

proximal versus distal outcomes. Avoid reporting conclusions about distal or generalized behavior

change based on proximal or context-bound measurement (Sandbank et al., 2021).

• Report whether agreement data are collected. If so, report the percentage of sessions during which data

were collected, percentage of agreement for each participant in each condition, and method of

calculation used.

Participants and contexts: Report relevant characteristics to allow for generalization beyond
the study.

• Report recruitment information, inclusion criteria, relevant descriptive data, and demographic

characteristics (race-ethnicity, age, languages spoken, gender [including nonbinary choices], relevant

individual or context-specific [e.g., school] socioeconomic status information). Report relationship

between participant and implementer. Content experts are required to determine what descriptive data

are relevant given study goals, but demographic data should always be reported.

• Refer to participants using terms indicated as preferred by them (e.g., “Hispanic” or “Latino”; “autistic
adult” or “adult with autism”).

• Report data for all recruited participants, including those who withdraw before completion.

• Report whether inclusion was limited to English-speaking participants.

• Report characteristics of settings and activities likely to aid in replication attempts (e.g., presence of

nonparticipating children or adults, whether the activity was typically occurring or contrived).

Data collection and analysis: Report information about data analysis to allow readers to
understand decision-making.

• Present data for all measured variables using typical graphing conventions and avoiding misleading

display (Dart & Radley, 2017, 2018; Ledford et al., 2019b). (See Supplemental Files 7–10.)
• Report information about the role of the data collectors in relation to the study (e.g., the principal

investigator and implementer, undergraduate research assistant) and whether data collectors were

naive to study conditions (with rationale for naive or informed coders).

• When social validity measures are more subject to bias (e.g., interviews and questionnaires conducted

by the same person who implemented intervention procedures or who otherwise appears to have a

(continued)
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and measures based on the nonparametric
concept of nonoverlap (Manolov et al.,
2021). However, many of the indices that
were once most widely used have severe lim-
itations. In particular, some nonoverlap

indices (e.g., percentage of nonoverlapping
data, percentage of all nonoverlapping data,
robust improvement rate difference) are
strongly influenced by incidental features,
such as the number of baseline observations

Table 3. (continued)

Reporting

stake in positive outcomes of a study), consider and explicitly acknowledge social desirability bias as a

potential cause for concern.

• Report systematic visual analysis procedures (Ledford et al., 2018; Wolfe et al., 2019).

• When using a deductive approach, describe expected changes between conditions, established a

priori, and extent to which data patterns corresponded to these predictions.

• Explicitly identify whether a functional relation exists for each opportunity (e.g., if there are two

participants with two measured dependent variables, measured in the context of A-B-A-B designs,

there are four potential functional relations).

Independent variables and measurement: Report information about conditions and fidelity
measurement to enhance data believability and replicability.

• Describe all components of all conditions and materials used in each. Identify the extent to which

procedures and materials were different across conditions.

• Describe dosage (how often condition was implemented and for how long).

• Describe the percentage of sessions during which fidelity data were collected and the percentage of

agreement in each condition.

• Describe behaviors measured for fidelity purposes and measurement procedures. Report the relation

between fidelity data collectors and implementers.

• Describe all modifications made to intervention procedures and whether these modifications were

determined a priori or based on individual participant response. Explicitly describe the impact of

modifications on confidence in functional relation determination.

• Describe intervention agents in terms of demographic characteristics, experience with participants (i.e.,

endogenous, outside researcher) and intervention elements, and professional qualifications (e.g., certified

teacher).

• If implementers are endogenous, explain how the intervention agent was trained by researchers and

evidence of fidelity of training (i.e., implementation fidelity). If a researcher was the intervention agent,

describe training and expertise.

• Describe similarities and differences between generalization sessions and baseline and intervention

sessions, including whether any intervention components or materials are present during generalization,

and describe when and how often generalization sessions occurred.

• Describe similarities and differences between maintenance sessions and baseline and intervention

sessions, including whether any intervention components or materials are present, and report latency

between intervention stoppage and maintenance measurement.

Transparency, ethics, and cost: Report transparently all procedures and information related to
ethical administration of single-case-design studies.

• When allowable, share preprints on a preprint server. Preprints do not necessarily need to be, but could

be, shared prior to publication.

• Share raw data, including data from all measured dependent variables, either via supplemental materials

or via online repositories, such as the Open Science Framework (https://osf.io).

• Systematically record adverse events throughout the study, and describe any adverse events associated

with participation for any participant (or report no adverse events were recorded) (Bottema-Beutel

et al., 2021a).

• Describe conflicts (and potential conflicts) of interest for each author (e.g., assessment of an intervention

on which author has been paid to present; Bottema-Beutel et al., 2021b).

• Report that institutional review board permissions were obtained, and describe both consent and assent

procedures.

• Report cost of intervention when relevant, especially when considering conditions under which it is likely

to result in optimal outcomes demonstrated in tightly controlled clinical settings.
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or number of treatment phase observations
(Allison & Gorman, 1994; Pustejovsky, 2019;
White, 1987), which are irrelevant to the
strength of an intervention’s effect.

The most fundamental distinction between
available effect sizes pertains to the metric—or
scale—on which they quantify an intervention’s
effect. An effect size metric needs to be mean-
ingful and interpretable for the interventions
and dependent variables examined in the set of
studies to be synthesized. For example, the log
response ratio (Pustejovsky, 2018) describes
change in a dependent variable in terms of the
ratio (or percentage change) in mean level
from a baseline phase to an intervention phase.
It is therefore interpretable when dependent vari-
ables are measured on a ratio scale and where it
is sensible to characterize change in percentage
terms (e.g., a 50% reduction in aggressive
behavior); it is inappropriate for behavior acqui-
sition studies in which the behavior is absent (or
nearly so) during baseline, such that percentage
change is not meaningful. Other effect sizes are
based on other conceptual metrics, such as distri-
butional nonoverlap (e.g., nonoverlap of all
pairs; Parker & Vannest, 2009), progress
toward a prespecified goal (percentage of goal
obtained; Ferron et al., 2020), mean differences
relative to within-participant variability in an
outcome (within-case standardized mean differ-
ence; Busk & Serlin, 1992), or mean differences
relative to the total variability in an outcome
(between-case standardized mean difference;
Shadish et al., 2014). In selecting an effect
size, researchers need to consider the properties
of the dependent variables examined in included
studies to identify a metric that is interpretable
and can be meaningfully compared from one
study to another.

In addition to effect size considerations,
researchers also have several options for how
to synthesize findings across studies. Three
unique approaches to synthesis of SCDs have
been developed, including approaches based
on (a) integrative modeling of raw data from
all included studies; (b) participant-specific
effect size estimates, summarized in a multilevel
meta-analysis; and (c) study-level summary
effect size estimates, summarized using conven-
tional meta-analytic methods. These options are
useful in different contexts, depending on the

characteristics of the set of studies identified
for synthesis. See Supplemental File 6 for
more information.

Unique Features of SCD Studies

SCD studies have unique features that bear
consideration when conducting syntheses.
One such feature is that researchers may
make response-guided decisions about when
to start intervention or change from one condi-
tion to another (Edgington, 1983; Ledford &
Gast, 2018). Effect size estimation and synthe-
sis methods do not generally account for use
of response-guided practices, and the limited
available methodological research comes to
mixed conclusions about whether effect size
estimates could be biased by use of these prac-
tices (Joo et al., 2018; Swan et al., 2020). As
methodological investigation continues, we
recommend researchers conducting syntheses
of SCD studies attend to whether included
studies use response-guided practices, poten-
tially examining this factor as a moderator of
effect size. Increased transparency in reporting
would make such endeavors more feasible
(see Table 1, Reporting).

Another feature of SCDs is that they are
dynamic, allowing for modification of proce-
dures or addition of intervention components.
Because of this, SCD studies may contain
results for multiple interventions or variations.
Researchers conducting a synthesis need to
determine not only whether a study should
be included or excluded but which conditions
within a study are relevant. For instance, in a
study of a behavioral intervention, researchers
might determine that the initial baseline phase
and initial intervention phase are relevant for
inclusion but that a subsequent phase involving
amodified intervention is not relevant. The alter-
native of giving preference to phases with adap-
tations of the intervention could lead to a
distorted picture because it would tend to
exclude data where the initial form of interven-
tion was ineffective. Increased transparency in
reporting intervention components and modifi-
cation plans would aid synthesists in making
judgments about which phases to include (see
Table 1, Reporting).
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Selective Reporting and Publication Bias

Selective reporting and publication bias refer
to the phenomenon in which affirmative study
findings are more easily published compared
with those that are inconclusive, ambiguous, or
counter to expectations. Selective reporting
poses a major validity threat for systematic
review and synthesis efforts because it affects
what evidence is available for inclusion,
leading to overrepresentation of affirmative find-
ings (Rothstein et al., 2005). In synthesis of
between-group designs, selective reporting is
broadly understood to be driven by the statistical
significance of study findings, and a wide array
of statistical tools have been developed for
assessing and correcting for biases created by
selective reporting (Marks-Anglin & Chen,
2020; McClain et al., 2021). Evidence indicates
that selective reporting and publication bias also
present concerns for SCD research (Dowdy
et al., 2020; Gage et al., 2017; Shadish et al.,
2016; Sham & Smith, 2014). However,
because statistical analysis is rarely the primary
means of drawing conclusions in primary SCD
studies, it is unlikely that statistical significance
is a primary driver of selective reporting. Tools
used for probing selective reporting in syntheses
of group designs may therefore be unsuitable for
investigating selective reporting in syntheses of
SCD studies. Lacking tools, it becomes more
important to prevent selective reporting and
mitigate its biasing effects through practices
such as study preregistration, publication of
studies indicating noneffects, and identification
of unpublished or “gray” literature for potential
inclusion in systematic reviews (Johnson &
Cook, 2019; Pustejovsky & Ferron, 2017;
Tincani & Travers, 2018, 2019).

Section 3: Identification of
Evidence-Based Practices

As noted already, the DR-SCD and CEC-EBP
standards included guidelines for evaluating
whether sufficient evidence existed across
studies to identify a practice as evidence based,
likely inspired by federal regulations requiring
evidence-based educational interventions. The
DR-SCD standards required positive outcomes
demonstrated by at least three research groups

with five or more SCD studies including at
least 20 participants (referred to as the 3-5-20
rule). The CEC-EBP standards use this rule as
well but also allow some neutral or mixed
effects if the ratio of positive to mixed or
neutral is at least 3:1. TheWWC (2020) requires
350 participants for moderate or strong evidence
—a bar unlikely to be met by any intervention
assessed exclusively via SCDs. No current stan-
dards explicitly assert that evidence-based prac-
tice entails considerations that extend beyond
research evidence (e.g., clinical judgment and
client characteristics, cultures, and preferences;
American Psychological Association, 2006;
Contreras et al., 2021).

All previous standards are at least partially a
reaction to production of SCD studies increas-
ing in rate and amassing over time, resulting
in the need for consumable syntheses of what
is known about specific practices for improving
outcomes for students with disabilities. The
3-5-20 rule has been widely used to identify
practices as evidence based in special education
and related fields (e.g., Steinbrenner et al.,
2020). However, especially when evidence of
noneffects also exists, the 3-5-20 rule may be
insufficient or erroneously applied (Ledford
et al., 2021a), and even more nuanced rules
(CEC-EBP) may not provide information
about for whom and under what conditions
interventions are likely to be effective or inef-
fective. No single criterion has been endorsed
by the field, although important advances in
effect size development and meta-analysis
have occurred since previous standards were
published, as described earlier.

Science is ever evolving, and evidence
accumulates over time. Thus, a determination
that a particular practice has a certain amount
of research support may be relevant for a short
period of time. Nonetheless, it is helpful for
the field to address the extent to which
certain practices have accumulated support
for solving specific problems, for specified
participants, in particular contexts, using a
deductive approach. However, making a
dichotomous decision of “evidence based” or
“not evidence based” may be insufficient or
misleading.

As shown in Figure 1, several conclusions
can be drawn about a practice that meets a
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minimum bar of evidence, all of which
provide different information relevant to an
evidence based determination. For example,
one component of evidence accumulated for
a practice is whether we have rigorous evi-
dence for context-bound behavior change
(i.e., change in the intervention context;
Sandbank et al., 2021). Given this, additional
work may be needed to establish external
and social validity. The lower panel of
Figure 1 shows hypothetical evidence for an
unnamed practice, with each filled circular
data point representing a positive outcome

from a rigorous study and each unfilled
square data point representing a negative
outcome from a rigorous study. For this prac-
tice, there is sufficient evidence of context-
bound behavior change for a variety of partici-
pants but sparse and mixed evidence across
other categories. This provides us with import-
ant next steps, for example, determining
whether generalized behavior change is
likely and whether the practice is feasible
and acceptable in typical contexts.

As a further example, we highlight a review
of interruption and redirection procedures,
(Ledford et al., 2022). For this practice, evidence
for decreases in vocal stereotypy for autistic
individuals who are served in separate educa-
tional programs exists when the practice is
being actively implemented. There is limited
evidence for social validity and clear evidence
for noneffects for generalized and maintained
outcomes. Thus, although the practice meets
clear criteria as “evidence based” using previous
standards, limitations are considerable, boundar-
ies are important, and questions about social and
external validity remain unanswered.

Given the complexities associated with
assessing practices (Ledford et al., 2021b),
we propose that systematic reviews of inter-
ventions result not in a determination of “evi-
dence based” or “not evidence based” but
rather in a determination of the contexts in
which the practice has more or less support
and in what areas additional research is needed.
Researchers are eager to be influenced by rules,
but their behavior may be insensitive to contin-
gencies that operate in opposition to expectation
(cf. Hayes et al., 1989). The most straightforward
solution may be the development and presenta-
tion of sufficiently dynamic rules and a willing-
ness to modify such rules as evidence of their
impact emerges. Specifically, we suggest
authors describe (a) the contexts under which
the practice has been evaluated; (b) the outcomes
of the practice, including differences across
dependent variable types, context characteristics,
and context-bound versus generalized behaviors;
and (c) the limits of current knowledge about the
practice, including unanswered questions about
maintenance, generalization, long-term effects,
costs and benefits, and social validity. Given
these data and the theory of change for the

Figure 1. Different types of evidence that can be

accumulated for a practice. The data points

included in the bottom frame are intended to

represent the amount of evidence accumulated in

each area for a hypothetical intervention. Filled

circle data points represent rigorous evidence of

positive effects. Unfilled square data points

represent rigorous evidence of negative or

noneffects.
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practice, authors should be better able to describe
situations in which the use of the practice aligns
with evidence, and situations in which use of the
practice is contraindicated or without evidence.

In reconsidering standards for SCD, our
primary purposes were to provide contempor-
ary updates and to acknowledge the complex-
ity of assessment of SCD that can be lost when
distilling syntheses to a single decision about a
practice. These complexities make assessment
of SCD studies more difficult and conclusions
less likely to be straightforward. However, this
complex engagement is needed to reflect the
variable and nuanced human experiences
SCD research is designed to investigate. We
acknowledge several limitations in our
approach, including lack of consensus
among other leaders in the field. We propose
that rigorous testing of these guidelines is war-
ranted (e.g., via focus groups, Delphi study,
application across various bodies of research)
to establish consensus, evaluate validity, and
improve uptake.
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