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Preface

This 4th edition of Single Case Research Methodology was edited to include information regard-
ing contemporary developments in single case design, while retaining an emphasis on lessons
learned from more than 50 years of work by early single case research scholars, including the
work of Dr. David Gast, the driving force behind this text (first published in 2010) and its pre-
decessor, Single Subject Research in Special Education (along with Dr. James Tawney, 1984). His
work began at the University of Kansas Department of Human Development and Family Life,
where he worked among some of the preeminent early behavioral researchers, including Drs.
Joseph Spradlin, Sebastian Striefel, James Sherman, Donald Baer, and Montrose Wolf. He con-
tinued the mentorship model, in which professors worked closely alongside graduate students
to conduct meaningful applied research, at the University of Kentucky (1975-1989) and then the
University of Georgia (1990-2016), where we met and I conducted my first research synthesis
and single case experimental design study. It was here first, and then at Vanderbilt University,
where I worked with Dr. Mark Wolery, where I was taught the intricacies and importance of
single case research design for researchers and practitioners. I continue to be humbled and
excited to work with and in the shadow of so many great single case methodology researchers
and to help share what I've learned with the next generation of single case scholars.

Our goal in editing this edition, as with the previous editions, is to present a thorough, tech-
nically sound, user-friendly, and comprehensive discussion of single case research methodol-
ogy. We intend for this book to serve as a detailed reference tool for students, researchers, and
practitioners who intend to conduct single case studies; interpret findings of these studies; or
write proposals, manuscripts, or reviews of single case research. We expect readers will come
from a variety of disciplines in social, educational, and behavioral science including special
and general education; school, child, clinical, and neuropsychology; speech, occupational, rec-
reation, and physical therapy; and social work. In the book, we present a variety of single case
research studies with a wide range of participants, for a range of purposes, in various settings.
As in previous editions, much of the work originates in the fields of special education and
behavior analysis, although, increasingly, other fields are also represented (e.g., school psychol-
ogy, speech language pathology).

The organization of this edition is somewhat different from previous editions, with 19 chapters
instead of the traditional 14. The biggest organizational departure from previous editions is that
we discuss research designs according to three primary condition ordering types (sequential
introduction and withdrawal, time lagged, and rapid iterative alternation) and have one chapter
dedicated to the analysis of each primary type. We added content about generality, validity, fidel-
ity, and choosing design types. We expanded content related to writing about single case design,
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including one chapter on writing proposals and reports and a second dedicated to writing sys-
tematic reviews. The guidelines presented in this text are intended to assist you in the design,
analysis, implementation, and dissemination of meaningful and rigorous single case research.
We hope this text helps you to conduct work that matters to you and provides meaningful infor-
mation to move your field forward—good luck!

Jennifer R. Ledford
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Section 1

Introduction to Research and Measurement

Before conducting a single case design study, you must understand the purposes and founda-
tions of research in general, and the importance of reliable, accurate, and valid measurement.
The first section of the book focuses on these topics.

In this section, we begin with a broad introduction to research in general in Chapter 1. We
briefly discuss different research paradigms (qualitative, between-groups, single-case) and dif-
ferent approaches to conducting single case research (inductive/deductive, dynamic/static,
process/procedure). The overarching questions answered in this chapter are: (1) What is
research? (2) What are the different approaches to doing it?

Then, in Chapter 2, we discuss replication and how we draw conclusions across multiple
experiments. Questions relevant for this chapter are: (1) What is external validity, and how is it
different than ecological and construct validity? (2) What are the different types of replication,
and how do they relate to internal versus external validity? (3) What factors should you con-
sider when you are conducting an experimental replication?

In Chapter 3, we focus in on single case research specifically, by identifying confounding
factors (i.e., threats to internal validity) whose impacts we must attempt to mitigate when we
conduct single case research studies. Questions critical for this content include: (1) What is
internal validity, and how is that related to identifying functional relations? (2) What are sev-
eral major threats to internal validity, and how do we control for and/or detect them?

Chapter 4 focuses on the “why” and “how” of measuring behavior. We discuss continuous
and discontinuous methods, how to choose a system appropriate for the dimension of interest,
and the strengths and weaknesses of major systems. Questions you should be able to answer
after reading this chapter include: (1) What are some examples of reversible versus non-
reversible behaviors, long- versus short-duration behaviors, and free operant versus trial-based
behaviors? (2) What are the major dimensions of interest, and how can you (a) measure them
with continuous systems and (b) estimate them with discontinuous systems?

Next, we focus on the validity, accuracy, and reliability of data collection in Chapter 5. Much
of the chapter is dedicated to interobserver agreement, the primary method by which single
case researchers evaluate reliability. Questions relevant for this chapter include: (1) What are
some steps for ensuring data reliability, before, during, and after measurement? (2) What are
the differences between point-by-point and gross agreement? (3) Why do we collect interob-
server agreement (IOA) data?

DOI: 10.4324/9781003294726-1
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In Chapter 6, we focus on planning and ensuring reliability of experimental procedures. We
discuss using the theory of change to identify active ingredients and likely impacts of your
intervention, ways to conceptualize independent variables in complex experiments, and the
importance of measuring independent variable implementation. Critical questions from this
chapter include: (1) Why do you need to understand your theory of change? (2) What is the
difference between procedural fidelity and treatment fidelity, which is superior, and why?
(3) What is the difference in purpose for formative and summative analysis of fidelity?

The content in Chapter 7 is focused on generality of behavior change. We discuss generality
and social validity and explain the importance of using multiple sources of data for evaluating
outcomes of single case research. We discuss the complexity of the typical use of terms
“generalization” and “maintenance.” Questions you should be able to answer after reading this
chapter are: (1) What are generality and social validity, and why are they important? (2) What
are some relevant ways to measure generalization? (3) What are the different ways in which the
term “maintenance” is used? (4) How should you know if maintenance and generalization
would be expected in your study?
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Research Approaches

David L. Gast and Jennifer R. Ledford

Important Terms

basic research, applied research, independent variables, dependent variables, participants, par-
ticipatory action research, experimental research, non-experimental research, evidence-based
practice, nomothetic, idiographic, dynamic research, static research, baseline, intervention
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The goal of science is to advance knowledge. One process by which we advance knowledge
is via research—the systematic investigation and manipulation of variables to identify asso-
ciations and understand processes. The effectiveness of educational and behavioral inter-
ventions is dependent on the use of evidence derived from research, but this process is not
straightforward. This complexity results in a “research to practice gap” problem that suggests
that research outcomes are not necessarily directly applicable to problems of practice. For
example, outcomes of research studies have been reported to be non-replicable (Open Science
Collaboration, 2015); to be dependent on counterfactual conditions (Lemons et al., 2014); to
fail to generalize to outside of research contexts, in applied or authentic settings (Spriggs et
al., 2016); and to be largely inapplicable to “real” problems faced by practitioners (Snow, 2014).
How then does research contribute to the advancement of knowledge, and does it do so in a
useful manner? In this chapter, we introduce the concepts of applied research and evidence-
based practice, describe different ways to characterize research, and explain several research
approaches and their corresponding rationales and assumptions.

Applied Research

Basic research is concerned with the advancement of knowledge that may or may not have
immediate and specific application to practical concerns. Applied research involves system-
atic investigation related to the pursuit of knowledge in practical realms or to solve real-world
problems. For example, a great deal of basic research has demonstrated that “resurgence”
(i-e., the return of previously eliminated behavior when reinforcement conditions for current
behavior worsen) consistently occurs across species, including humans (Kimball et al., 2023).
The findings of this body of basic research guided translational researchers to demonstrate
how the phenomenon could manifest following effective intervention; for example, when chal-
lenging behavior resurges after communicative responses are not reinforced (e.g., Volkert et al.,
2009). Because translational research paradigms demonstrated the phenomenon’s relevance
to socially important situations (i.e., the assessment and treatment of challenging behavior),
applied researchers have now begun to develop procedures intended to “inoculate” treatment
outcomes against the environmental determinants of resurgence (Banerjee et al., 2022; Bloom
& Lambert, 2015; Fuhrman et al., 2021; Neely et al., 2020).

In applied research evaluated with single case designs, we are most interested in determin-
ing the relation between independent variables—the variables manipulated by researchers
(i.e., intervention) and dependent variables—the variables we expect to change given the
manipulation (e.g., percentage of time engaged in challenging behavior), to solve problems of
practice. For example, we might evaluate the impact of a specific coaching model (the indepen-
dent variable) on the percentage of correct implementation of a naturalistic intervention (the
dependent variable; Quinn et al., 2021) or the impact of using a differential reinforcement
intervention package (the independent variable) for increasing time spent in a nonpreferred
environment to reduce elopement (the dependent variable; Lambert et al., 2017). This book is
primarily focused on the use of single case design in applied research, although single case
designs can also be used to evaluate basic and translational questions. In applied research, we
refer to the people who choose to participate in the study as participants, although historically
they were referred to as subjects—because we assume that participants willingly volunteer
rather than being subjects of the studies (Boynton, 1998).

Integrating Science into Educational and Clinical Practice

The purpose of a research project is to produce generalizable knowledge about relations
between variables that can be used by others to expand understanding of a given phenomenon.
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Applied research also has this goal, although some difficulties may arise when attempting to
balance this goal with the additional goal of improving outcomes for participants. That is, the
goal to establish confidence in relations is sometimes at odds with providing the best services
for a given participant. One example is that we may need to collect a significant amount of
data in non-intervention contexts to increase experimental rigor and confidence in the rela-
tion between the independent and dependent variables. However, increasing the amount of
time a participant spends in counter therapeutic environments is generally objectionable when
considering only the participant’s best interests. We will discuss the ethical ramifications of
decisions like this in Chapter 16. We refer to practitioners who engage in research as scientist-
practitioners (a label coined by Barlow and colleagues in 1984 to describe interventionists who
make data-based decisions an integral part of their practice).

When research is conducted under highly controlled conditions, as is often the case in stud-
ies using single case designs, the ability of those working in “typical” or “authentic” commu-
nity settings to replicate conditions may be unclear. That is, interventions found to be effective
in resource-rich controlled settings may not be able to be carried out at the same level of fidel-
ity, thus affecting the outcome of the intervention. Snow (2014) suggested educational research
should include more collaboration with practitioners, to address applied problems and enhance
the pertinence of research. This position is not new, and that single case designs are particu-
larly well suited to answer these applied problems has been acknowledged for decades (Barlow
et al., 1984; Borg, 1981; Odom, 1988; Tawney & Gast, 1984). We suggest that there are impor-
tant similarities between practice and research, and provide guidance for practitioners inter-
ested in conducting research in applied settings in Callout 1.1.

Callout 1.1 Questions for Scientist-Practitioners

Successful practitioners must demonstrate that they can bring about positive behavior
change in their clients. Practitioners who collect data on client or student behavior in
response to the treatments they implement can show behavior change that occurs over
time. However, sometimes behavior change may be the result of other factors, rather than
the treatment itself (e.g., other treatments or experiences). The utilization of single case
designs allows practitioners to go one step further than showing behavior change—to
establish a causal link between his or her practices and the child’s behavior change. That is,
single case designs can help practitioners increase the confidence that the treatment they
implemented and only that treatment caused behavior to change. Given the potential for
single case design to enhance conclusions drawn by practitioners, and the guidelines sug-
gesting practitioners use scientific evidence and data-based decision making, the use of
the scientist-practitioner model is valuable. Given the potential difficulties, and to ensure
that a planned applied project has not only scientific value, but also practical value for
participants, Eiserman and Behl (1992) suggested considerations for special educators
conducting research, which we have summarized and adapted below:

1. Isthe dependent variable meaningfully related to educational or therapeutic goals?
Does available research suggest that the participant is likely to benefit?

3. Areprocedures and goals in line with the policies of the institution and with objec-
tives of the clients (e.g., school, clinic, family)?

4. Is the answer to the question of interest to all relevant stakeholders?

5. Canthe research be completed given the participants’ other scheduled activities, or
is there an acceptable modification of these activities that allows for completion?
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6. How does the research interact with ongoing therapeutic, educational, or leisure
activities?
7.  How much time is required for participation, and is that amount of time justifi-
able, given participant needs?
8. Do participants agree to participate, and are they given opportunities to con-
tinue to agree (assent) or to withdraw their agreement (dissent)?
9. Do other important stakeholders support participation?
10.  Are personnel and materials resources sufficient for the project?
11.  Are there any ethical concerns that should be addressed prior to initiation of the
project?

Participatory Action Research

One framework that might be particularly helpful for considering the relationship between
applied research and real-world contexts is participatory action research. This framework
explicitly acknowledges the critical importance of the experiential knowledge and values of
people who are to be impacted by any research. While the primary motivation for direct stake-
holders (e.g., parents, teachers, children) is to solve a problem that directly impacts them, the
primary motivation for researchers is the pursuit of knowledge for the greater good. These dif-
fering contingencies are sometimes at odds with one another (Pritchett et al., 2022).

When using this framework, researchers (1) build relationships with those potentially
impacted by their research (e.g., teachers and students in schools), (2) generate a common
understanding of any problems that exist, (3) generate data about the problem and analyze those
data, (4) plan solutions, and (5) take action (Cornish et al., 2023). These steps align quite well
with single case research, given the ability of single case research to be dynamic and individual-
ized (thus allowing for steps 1, 2, and 4), the need to collect baseline and intervention data (steps
3 and 5), and the ability to modify action steps (i.e., procedures) as needed (steps 4 and 5).

It is important to note that single case design does not necessarily follow this framework;
participatory action research requires that people who are affected by a particular issue take a
leading role in the trajectory described above (Kindon et al., 2007). Researchers serve as meth-
odology experts but acknowledge the content and experiential expertise of other stakeholders.
A project that is designed by researchers to answer a question that they are interested in may
include important steps during which they get stakeholder feedback but would not be consid-
ered participatory action research. There is a large continuum of research approaches that
range from entirely researcher-driven and with little participant input to entirely practice-
driven with researchers serving only as methodological experts. Many structures (e.g., funding
agencies) uphold a more researcher-driven research process, which requires that questions and
processes are well-described and justified prior to beginning a project. Although there is no
“wrong way” to do research, it is important to understand that the extent to which research
matters in the real world may be considerably impacted by decisions about the ways in which
non-researcher stakeholders are included in the process.

Evidence-Based Practice

Guidelines in the Individuals with Disabilities Education Improvement Act (IDEIA) and
Every Student Succeeds Act (ESSA) mandate the use of evidence-based practice (alternately,
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“scientific, research-based intervention”; IDEIA; or “empirically supported practice”; Ayres
et al,, 2011). Similarly, professional organizations like the American Psychological Association
(APA), American Speech-Language Hearing Association (ASHA), and the Behavior Analysis
Certification Board (BACB) have standards requiring the use of evidence-based interven-
tions. Though the term is relatively new, the idea that research should guide practice is not,
particularly in the field of applied behavior analysis (cf., Baer et al., 1968). A narrow view of
evidence-based practice (Spencer et al., 2012) refers to intervention procedures that have been
scientifically verified as being effective for changing a specific behavior of interest, under given
conditions, and for particular participants (Horner et al., 2005; Steinbrenner et al., 2020). The
APA (2005) adds to its definition of evidence-based practice the integration of research evi-
dence with clinical expertise and context (e.g., the preferences and values of stakeholders).
Similarly, ASHA adds both clinical expertise and evidence—which can refer to both external
evidence (e.g., published research) and internal evidence (e.g., data gathered from a particular
case). Even reviews that have focused on identified practices as evidence-based due to scientific
support have acknowledged that the identification of effective practices must take into consid-
eration context and the expertise of practitioners (e.g., Steinbrenner et al., 2020).

In behavioral sciences, “trustworthiness” or credibility of research findings is based on the
rigor of the scientific method employed and the extent to which the research design controls
for alternative explanations. The scientific method requires investigator objectivity, reliability
of measurement, and independent replication of findings. Given the components described
above, quantitative research, including single case research (as well as other types of scientific
inquiry) is necessary but not sufficient for identifying evidence-based practices. Moreover, dif-
ferent research questions or objectives require different research approaches—no one research
method or design is appropriate for answering all research questions, and research evidence
must be synthesized with clinical expertise and client values to improve implementation of
evidence-based practice in typical contexts.

Characterizing Designs

Research designs can be categorized according to a range of features, including attributions of
causality, assumptions about generalizability, and flexibility of procedural rules (e.g., ability to
change based on response to intervention). Designs can also be grouped by general approach,
including several quantitative approaches as well as qualitative methods. We briefly describe
these categorizations below.

Attributions of Causality

The act of intentionally manipulating an environmental variable to see if there is a measurable
change in some outcome while controlling for other probable reasons for change differenti-
ates experimental research from non-experimental research. Appropriately utilized single
case designs can be categorized as experimental, in addition to group comparison approaches,
such as randomized controlled trials (Horner et al., 2005; Ledford et al., 2023). Experimental
studies include (1) descriptions of the target behavior(s), (2) predictions regarding what impact
the independent variable will have on the dependent variable(s), and (3) appropriate tests to see
if the prediction is correct. One characteristic that differentiates an experimental design study
from a non-experimental design study is the extent to which the design controls for threats to
internal validity—variables other than the planned independent variable that could result in
changes in the dependent variable. Correlational, descriptive, and qualitative research designs
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are non-experimental. Only single case designs that adequately control for likely threats to
internal validity can be considered to be experimental.

Assumptions about Generalizability

Nomothetic research approaches are generally based in the natural sciences and are char-
acterized by attempting to explain associations that can be generalized to a population with
certain characteristics. Idiographic research approaches, common in the humanities, attempt
to specify associations that vary based on certain characteristics or contingencies present for
the participant or case of interest. Both nomothetic and idiographic approaches are valid,
depending on the research question of interest (Ottenbacher, 1984). Traditional group design
approaches generally apply assumptions applicable to nomothetic research while traditional
qualitative approaches generally apply assumptions applicable to idiographic approaches.
Single case design was historically considered to be idiographic in nature, but increasingly has
been used to draw conclusions using nomothetic approaches (e.g., hypothesis-testing versus
hypothesis-generating data). These terms are not quite synonymous with, but are related to
inductive research approaches versus deductive research approaches. When using an induc-
tive approach, researchers collect data, analyze patterns, and establish theory. When using a
deductive approach, researchers begin with a hypothesis, collect data, and analyze those data
with an emphasis on whether their hypothesis was correct.

Relatedly, single case often uses a dynamic research approach. That is, researchers might
alter a planned independent variable based on response to intervention. Other research
approaches, including group designs like randomized controlled trials, are generally consid-
ered static research approaches. Static research approaches generally test a pre-determined
hypothesis, and no changes are made to the approach based on data. In some cases, single
case research can also be static—that is, researchers can choose to evaluate an intervention
without making data-based changes. The lines between static and dynamic approaches exist
in both single case research (e.g., when a researcher sets out to answer a specific question in
a static design but makes dynamic changes when the study progresses) and also in group
design studies (e.g., SMART designs; Chow & Hampton, 2019). It is important for research-
ers to determine whether they are using a dynamic or static approach prior to initiation of
their study.

Process versus Procedure Questions

Researchers, especially single case researchers, might also consider whether they are interested
in evaluating a process or a procedure when they develop a research study. Differentiating
these two types of questions and research approaches is in its infancy but may be likely to
inform future work. Evaluating a procedure via single case design tends to be associated with a
more static approach, wherein researchers answer the question of “Does procedure A result in
changes in behavior B?” Evaluating a process is more associated with a dynamic approach and
might answer a question like “How do we use process A to get a desirable change in behavior B?”
The latter type of research often involves clinical judgment and modifications based on ongo-
ing data analysis but these decisions can be built into a static research approach (i.e., the deci-
sions are built into the intervention approach). Both types of research are valuable—procedure
research may be most easily translated into conclusions about evidence-based practice while
process research may contribute to knowledge about underlying processes, variations in imple-
mentation required across contexts and participants, and complex interventions requiring
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practitioner decision making. In later chapters, we will discuss complexities of conducting and
evaluating each of these types of research.

Research Approach

As the book title connotes, the focus of this text is on single case design research methodology
and its use by applied researchers in behavioral sciences. Despite this focus on a single type of
research design, it is important to be able to compare and contrast research approaches on the
basis of their research logic, strategies for controlling for threats to internal validity, and gen-
eralization of findings to individual cases. Understanding variability in research approaches
will allow you to choose the appropriate type for answering your research questions. As we
mentioned previously, no single research approach or design is appropriate for answering all
research questions. In the sections that follow, common research approaches and designs are
briefly overviewed. More detailed design descriptions and analyses are found elsewhere in such
general research methodology texts as Creswell and Clark (2017), deMarrais and Lapan (2004),
Farmer et al. (2022), Fraenkel and Wallen (2006) as well as recent methodological guidelines
(e.g., Leko et al., 2023; Toste et al., 2023).

Qualitative Research

Qualitative research is generally considered to be ideographic and non-experimental. It does
not involve manipulation of an independent variable, but instead is focused on observation
of naturally occurring events. Qualitative research approaches provide a detailed, in-depth
description of the case under study. The term qualitative research is an “umbrella” term that
refers to several approaches with a focus on description rather than quantification of events.
Three approaches have particular prominence among educational and clinical researchers who
conduct qualitative research studies: Case study, ethnography, and phenomenology. The case
study approach entails an in-depth and detailed description of one or more cases, while eth-
nography refers to the study of a specific cultural group. Both are conducted in a natural set-
ting without an attempt to influence a specific target behavior—thus, although the names are
similar, a qualitative case study is not the same as an experimental single case study. Sometimes
confused with ethnography, phenomenology is the study of perceptions of a particular event
or situation. Common activities for qualitative research studies include observations, inter-
views, surveys, and focus groups. For a more in-depth discussion of these and other qualitative
research approaches see Glasser and Strauss (1967), Lincoln and Guba (1985), Patton (2014),
and a recent article in Exceptional Children by the QR Collective (2023).

Descriptive and Correlational Research

Descriptive and correlational research methods are both focused on the quantitative charac-
terization of phenomenon, without any efforts to impact their occurrence. Descriptive research
includes quantification of a variable or variables of interest (e.g., To what extent are children
with disabilities included in general education classrooms?), while correlational research
describes relations between variables (e.g., Does socio-economic status predict the extent to
which children with disabilities are included in general education classrooms?). Correlational
research is different from both between-group and single case research because the relations
are descriptive rather than causal—that is, correlational research allows you to determine that
a relation exists between two or more variables but does not allow you to determine whether
the relation is caused by one of the variables.
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Between-Groups Research

Group research approaches are generally considered nomothetic and static. They can be exper-
imental or non-experimental. The basic logic underlying group research is that a large number
of individuals are divided and assigned to one of two or more study conditions. In the simplest
version, the study includes a control condition, in which participants are not exposed to the
independent variable, and treatment condition, in which participants are exposed to the inde-
pendent variable. Participants could also be equally divided between two treatment groups
(e.g., Treatment A and Treatment B). In some group studies more than two conditions may
be compared, in which case an equal number of participants would be assigned to each of the
conditions (e.g., 30 assigned to control, 30 assigned to Treatment A, 30 assigned to Treatment
B). A critical variable to consider when evaluating a group design study is how participants
are assigned to study conditions. The optimal method is random assignment of participants
(experimental study), but this is not always possible.

The group research approach is the most common research methodology used in some
areas of behavioral science and education. Group research designs are well suited for large-
scale efficacy studies or clinical trials in which a researcher’s interest is in describing whether a
practice or policy, on average, will be effective for a specific population. With such research
questions a group design methodology is recommended. Numerous designs and statistical
analysis procedures are available for your consideration if you choose to study group behavior.
Despite its usefulness for detecting average group effects, group comparison designs cannot be
generalized to the individual. To paraphrase Barlow et al. (1984), generalization of group
research findings to individuals requires a “leap of faith,” the extent to which depends on the
similarity of the individual to study participants for whom the intervention was effective. You
must never lose sight when attempting to generalize a practice supported by group research to
an individual, that some participants performed better, while others performed worse than the
average participant. Contemporary guidelines for group design studies were recently pub-
lished in Exceptional Children (Toste et al., 2023).

Single Case Research

Single case research can be experimental or non-experimental, ideographic or nomothetic,
inductive or deductive, and static or dynamic. Single case design methodology has a long tradi-
tion in the behavioral sciences and is commonly used in behavioral sciences, special education,
and school psychology (King et al., 2023; Radley et al., 2020; Shepley et al., 2023). Historically,
studies using single case designs were referred to as “single subject research,” but over time, the
term participant replaced subject when humans involved in a study provided informed consent
(Pyrczak, 2016); throughout the book we will use the contemporary term participant, although
some historical references may include the term subject.

Sidman (1960) described the single case research approach in the authoritative book,
Tactics of Scientific Research, which exemplified its application within the context of basic
experimental psychology research. In 1968, Baer and colleagues elaborated on single case
research methodology and how it could be used in applied research to evaluate intervention
effectiveness with individuals. Since that time numerous articles, chapters, and books have
been written describing single case design methodology and its use in a number of disci-
plines, including psychology (Bailey & Burch, 2002; Barlow & Hersen, 1984; Johnston &
Pennypacker, 1993, 2009; Kazdin, 1998, 2020; Kratochwill & Levin, 1992, 2014; Skinner,
2004), special education (Gast, 2005; Kennedy, 2005; Richards et al., 1999; Tawney & Gast,
1984), occupational therapy (Lane et al., 2017), literacy education (Neuman & McCormick,
1995), communication sciences (McReynolds & Kearns, 1983; Schlosser et al., 2018), and ther-
apeutic recreation (Dattilo et al., 2000).
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Single case research is a quantitative experimental approach in which study participants
serve as their own control, a principle known as baseline logic (Sidman, 1960). In the simplest
single case study, each participant is exposed to both a “control” condition, generally referred
to as the baseline condition, and an intervention condition. In a baseline condition, partici-
pants experience environmental arrangements that are not expected to result in improve-
ments in targeted outcomes; these can be conditions without any intervention (e.g., assessment
of whether a child can complete a task with no help) or conditions that represent business-
as-usual (e.g., the environment remains unchanged from its typical state, such as measuring
engagement during a typical math activity in a classroom). Each participant also usually par-
ticipates in an intervention condition in which they are exposed to environmental arrange-
ments (e.g., contingencies, materials, teaching) that are expected to result in desirable behavior
change. There are some variations on this typical set-up, such as when participants are
exposed only to assessment conditions in a design (e.g., as in the case of a functional analysis)
or when they are exposed to only intervention conditions (e.g., the two conditions being com-
pared are both treatments, rather than one being a treatment and one being a non-treatment
condition).

Baseline logic is different from group design logic in which similar or matched participants
are assigned to one of two or more study conditions (control or intervention). In studies using
single case designs, each participant participates in both conditions of interest (e.g., baseline
and intervention). In group design, posttest data are collected at an a priori specified time point
(e.g., after three weeks of intervention), and are analyzed using statistical methods comparing
the average performance of participants assigned to one condition to the average performance
of participants assigned to other conditions. In single case research, data are collected regularly
while the intervention is occurring, and intervention conditions are generally continued until a
performance criterion is met or until progress is apparent via visual analysis of graphed data
(although there are instances where a set time period is used instead). The use of visual analysis
of graphic data for individual participants make single case design studies ideal for applied
researchers and practitioners who are interested in answering research questions and/or evalu-
ating interventions designed to change the behavior of individuals.

Mixed Methods Approaches

Mixed methods approaches to answering research questions are increasingly popular although
their use in special education and behavioral sciences is relatively uncommon (Corr et al,,
2021). When using mixed methods, researchers combine multiple quantitative and/or quali-
tative methods. Several types of mixed methods research have been identified, and include
explanatory sequential designs, exploratory sequential designs, and convergent designs
(Creswell & Clark, 2017). Explanatory sequential designs begin with a quantitative analysis
and are followed by qualitative analyses that provide insight into the “why” and “how” for the
quantitative outcomes. One example would be using single case methods to measure whether
teachers implemented certain procedures more accurately during intervention conditions as
compared to baseline conditions (quantitative) followed by qualitative methods for explain-
ing why the procedures were not implemented as expected. Exploratory sequential analyses
follow the opposite sequence—they begin with a qualitative component, which informs a later
quantitative component. For example, a researcher might conduct focus groups with teachers,
which informs the development of an intervention (qualitative) whose effects are measured
with a single case design (quantitative). Convergent designs are used to compare the results of
quantitative and qualitative analyses to allow for a more complete picture for a given question.
For example, researchers could measure social networks in classrooms via quantitative mea-
surement of interactions during free play, while also using interviews with children where they
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are asked to explain who they play with and why. As discussed in Chapter 7, the use of qualita-
tive research methods alongside quantitative single case methods aligns particularly well with
social validity questions related to single case research outcomes (Snodgrass et al., 2022). That
is, when designed well, mixed methods studies can answer questions that go beyond “Did this
intervention work?” (a traditional quantitative single case question) to include “Why did this
intervention work?”; “How did participants feel about this intervention?”; and “How can we
improve this intervention for current participants and in the future?”

Conclusion

In this chapter, we introduced various ways of categorizing research and described the basis
of single case research. We defined a number of important terms that will continue to be
used throughout the text, including dependent variables, independent variables, baseline
logic, baseline conditions, and intervention conditions. In later chapters, we will focus on
single case research methods, including further expansion on the different types of single
case designs that can be used to answer a wide variety of questions across many different
contexts.
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In the previous chapter, we discussed purposes of research and the various paradigms and
assumptions associated with different types of research. In this chapter, we specifically focus
on single case research design and the importance of replication across studies. In the next
chapter, we will focus again on replication, but with a focus on replication within studies.
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External Validity

External validity refers to the extent to which a relation demonstrated in a specific context
holds in other contexts (Shadish et al., 2001). For example, can the relation identified in one
or more studies be expected to hold in other settings (e.g., classrooms versus clinics), for other
types of participants (e.g., with different characteristics or skills, of different ages, who have
different histories of intervention), or with different interventionists (e.g., with researchers
who did not develop the intervention, with researchers from a different institution who were
trained by different people, with non-researchers such as teachers or other service providers).
It can also refer to applicability to other measured behaviors and with different treatment fea-
tures (e.g., dosage, frequency, components). It is worth noting explicitly that external validity
is applied to relations. That is, a given intervention or study cannot be deemed externally valid.

A common criticism directed at single case research methodology is that findings cannot
generalize beyond the individual—there simply are too few participants in studies that employ
single case designs. By contrast, group research methodology, in which a researcher randomly
assigns many participants to two or more groups, is thought to more directly establish external
validity. Few would argue that findings generated by large group research—compared to those
generated by single case research—generalize better to other large unstudied groups. Of course,
this is only true if individuals in the unstudied group are “similar” to participants in the stud-
ied group. Wolery and Ezell (1993) point out, “The more similar the two populations, the
greater the likelihood of accurate generalizations, and thus the greater the likelihood that find-
ings will be replicated” (p. 644).

These positions regarding research methodology are reasonable. However—what if your
interest is in generalizing findings to a specific individual, rather than a group of individuals?
Remember, in large group research the data reported are measures of central tendency; thus,
there are always individuals within the group who perform better and worse than the average
participant. Seldom do these studies provide detailed descriptions of individual participants
nor do they often report how individual participants responded to the independent variable.
Their focus is on the group, not the individual. It might be reasonable then, to expect that find-
ings of group design research generalize more readily to groups of people, while findings of
single case design research generalize more readily to individuals.

Replication

Before we discuss strategies for establishing external validity through single case research, it
is likely worth exploring the concept of replication. Johnston and Pennypacker (2009) defined
a replication as a repetition of any parts of an experiment and a reproduction as a repetition
of results, usually as an outcome of repetition of procedures (p. 241). When replication yields
reproduction, it is possible to accumulate at least one of two types of evidence. First, replica-
tion that yields reproduction allows scientists to establish the reliability, or reproducibility, of
a finding. It also allows them to rule out incidental contact with extraneous confounds and/or
experimental artifacts as alternative explanations for observed effects. That is, replications that
yield reproduction contribute to a study’s believability because it offers confidence that changes
in an independent variable are responsible for changes in a dependent variable (see Chapter 3).
The strategies for producing this type of evidence include within-session, within-phase, and
within-experiment replication (see Table 2.1) and entails repeating a procedure exactly as it was
previously implemented to answer the question: “When I repeat this procedure, will I get the
same outcome?” (Johnston & Pennypacker, 2009). This type of replication has been referred to
as a direct replication by both Sidman (1960) and Kazdin (2010) and is the focus of Chapter 3.



Table 2.1 Contributions of Various Types of Replications

Contribution

Replication Types

Classification

Johnston & Pennypacker (2009)

Sidman (1960)

Kazdin (2009)

This text

Reliability of Effect

Generality of Effect

Internal Validity

Within-session replication

Repetition of a basic element of a procedure
throughout each session (e.g., multiple
opportunities to respond presented in a
discrete trial format).

Within-phase replication

Repetition of the same condition many times
in succession throughout a phase.

Within-experiment
replication

Repetition of an entire phase over the course
of an experiment.

Direct Replication

External Validity

Within-literature replication

Repetition of an earlier experiment, usually
by other researchers, in which all known
critical features are held constant.

Repetition of an earlier experiment, usually
by other researchers, in which some
elements of the previous experiment are
held constant and others are intentionally
altered.

Across-literature replication

Repetition of phenomena under different
conditions across different fields of science.

Systematic
Replication

Direct
Replication

Within-Study
Replication

Systematic
Replication

Across-Study
Replication

Note: The gray-filled cell represents ambiguity, given that replication across multiple participants in a single study could contribute to generality, but that within-study replications do not necessarily include multiple

participants. Black-filled cells represent no contribution to generality of effect.
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A second function of replication allows scientists to establish the generality of a given effect.
That is, replication can help scientists determine whether a specified relation is constrained to
a single individual or circumstance, or if it represents a generalizable principle which might
contribute to scientific knowledge. The strategies for producing this type of evidence include
within-literature and across-literature replications (see Table 2.1) and entail repeating some ele-
ments of a previously implemented procedure while intentionally modifying others to answer
the question: “IfI change the procedure, will I get the same outcome?” (Johnston & Pennypacker,
2009). This second function has been referred to as a systematic replication by both Sidman
(1960) and Kazdin (2010).

However, Kazdin (2010) distinguished two types of within-literature replication and classi-
fied each differently. First, when researchers are only interested in reproducing a previously
established outcome and do not seek to explore which elements of the original procedure were
critical to producing the original outcome, or how a parametric manipulation of the indepen-
dent variable might alter the outcome, then they replicate as many elements of the original
procedure as possible. By contrast, when researchers are uncertain about the status (i.e., criti-
cal vs. non-critical) of procedural details present in a previous experiment, or when they seek
to expand understanding of how an independent variable controls a dependent variable
through parametric manipulation, they will replicate some elements of the original procedure
while intentionally changing other elements. Kazdin referred to the former as a direct replica-
tion and the latter as an indirect replication. Although somewhat inconsistent with earlier
conceptualizations of a direct replication (e.g., Sidman, 1960), this newer framing can be use-
ful for communicating a study’s intended contribution and is often adopted by scientists who
employ, and journals that publish, single case design. Despite subtle differences in termino-
logical nuance, all within-literature and across-literature replications serve the dual function of
establishing the reliability of a phenomenon while simultaneously probing its generality
(Sidman, 1960).

Given disagreement on exact terminology that has persisted across years, we elect to use the
terms within-study replication to refer to replication that occurs in the context of a single case
design study and primarily impacts internal validity and across-study replication to refer to
replication across more than one study that impacts external validity.

Parsing Critical from Non-Critical Features via Across-Study Replication

Importantly, external validity can be evaluated for a group of studies, but not for an indi-
vidual single case design study (Birnbrauer, 1981). That is, variability across attempts (e.g.,
number and types of differences between studies) determines the range of generality estab-
lished through single case design. Sidman (1960, p. 111) noted that “replication demonstrates
that the finding ... can be observed under conditions different from those prevailing in the
original experiment.” As mentioned above, across-study replication can: (1) demonstrate the
reliability of an effect, and (2) extend the generality of a finding. They are also useful for iden-
tifying exceptions to such generality. Perhaps one of the best examples of systematic across-
study replication via single case design is a long series of studies conducted by David Gast and
Mark Wolery (and colleagues) related to the effectiveness and efficiency of time delay prompt-
ing procedures. Over years, they conducted many studies, systematically expanding evidence
of generality, including variation in participants, instructional arrangements (i.e., individual,
group), and target behaviors (e.g., discrete academic behaviors, chained self-help skills), as well
as less commonly studied parameters like fidelity errors. They published many studies—here
we cite a representative but small subset that exemplifies the overall findings that this pro-
cedure was effective for teaching a variety of behaviors to individuals with disabilities, in a
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variety of contexts (Doyle et al., 1990; Gast et al., 1990, 1991; Holcombe et al., 1994; Schuster
etal., 1988; Wolery et al., 1997, 2002). Another smaller-scale example is a series of studies con-
ducted by Vanderbilt students under the direction of M. L. Hemmeter and Jennifer Ledford,
providing more limited evidence of the generality of peer-mediated intervention Stay-Play-
Talk for establishing proximal play between children in early childhood classrooms (Milam
et al., 2021; Osborne et al., 2019; Severini et al., 2019; Soemarjono, 2022; Tang, 2023; Taylor,
2023). This group of studies, along with studies done by unaffiliated researchers, suggests that
Stay-Play-Talk will result in changes in proximal play behaviors (for a review, see Ledford &
Pustejovsky, 2023) but the across-study replications were less comprehensive than the previous
series by Gast and Wolery because most implementers were researchers, rather than a mix of
researchers and various endogenous implementers.

When conducting across-study replications, it is important to identify potential critical and
non-critical features of the intervention, implementers, participants, and settings. These can be
established using your theory of change (see Chapter 6) and will guide the direction of your
replication attempt. For example, if you identify a specific intervention component as a critical
feature, you would include that feature in all replication attempts. If it is potentially non-
critical, it may be worthwhile to vary the feature to answer the question about criticalness.

We agree with previous researchers (Cronbach et al., 1980; Cronbach & Shapiro, 1982) who
have argued that scientists should not be responsible for answering questions that other
researchers or practitioners have about a topic and that no one context is more important than
another. While applicability across multiple contexts is useful for understanding the bound-
aries of generality, there is no “appropriate” amount of external validity that can be estab-
lished for a given relation. The external validity of relations is viewed along a continuum in
which the number of variables that change between studies will determine the extent of gen-
erality established. A relation that only holds in limited contexts for a specific type of partici-
pant is quite important to a practitioner when that context and participant type matches their
context and client.

Tactics for Maximizing the Impact of an Across-Study Replication

There are no universally accepted guidelines indicating how many variables a researcher should
modify during an across-study replication, nor how such experiments should be arranged.
Sidman (1960) called systematic replication a gamble, one that if successful, would “buy reli-
ability, generality, and additional information” (p. 112). On the one hand, large changes that
yield a reproduction of previous outcomes can speak volumes about the generality of a previ-
ously established effect. On the other, when there are a substantial number of changes to a
protocol and the new procedure fails to reproduce the original effect, it can be challenging to
determine which of the modified or omitted variables was critical to a procedure’s original
success(es).

If designed properly, whatever the outcome of an across-study replication attempt, our
understanding of the phenomenon being studied can be enhanced. The key to success may be
to remain conservative in scope and to modify only a few variables at a time (Johnston &
Pennypacker, 2009; Kazdin, 2010). In so doing, even failures to replicate can be instructional
because it is easier to determine how the omission of a previously unknown critical variable
impacts the overall outcome of an intervention; thus, leading to the discovery of limitations of
current interventions and the discovery of new interventions.

Relatedly, Sidman (1960) recommended that researchers initiate across-study replications
including extensions by first replicating the original experiment in question, with the intent of
reproducing the original outcome. When a direct replication fails to reproduce the original
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effect, information about the generality of said effect is offered. By contrast, when a direct rep-
lication reproduces the original effect, this outcome can serve as a baseline condition which
can then be used to extend our understanding of how controlling variables alter participant
performance.

For example, consider a researcher who wants to explore the durability of treatment effects
following functional communication training (FCT; Carr & Durand, 1985)—which most often
includes reinforcer available for 100% of opportunities—to situations in which reinforcement
for a communicative response is reduced to 10% of opportunities. Following Sidman’s recom-
mendation, they would first directly replicate the original FCT procedure (i.e., reinforce com-
municative responses across 100% of opportunities) and reproduce the original outcome (i.e.,
a precipitous decrease in challenging behavior and an increase in independently emitted com-
municative responses). Then, they would explore how (if at all) a 90% decrease in reinforcer
availability might impact baseline performance. In so doing, the baseline demonstration (1)
serves as a direct replication and offers additional evidence of the reliability of the original
effect, and (2) offers the research team a degree of credibility which allows them to more con-
vincingly draw conclusions about the interpretability of both positive and/or null effects resul-
tant from their subsequent manipulation. For example, if the above-mentioned researcher
found that FCT was ineffective when reinforcement was only available 10% of the time, the
baseline demonstration would allow them to assert that the degradation in treatment outcome
was due to the corresponding decrease in reinforcer availability, rather than a lack of talent.
That is, because the researcher first demonstrated that they could produce the original effect,
critics could not claim that the lack of effect was attributable to the researcher’s incompetence.
Of course, this strategy does not always align with the intended research questions—for exam-
ple, if a researcher was interested in whether FCT was effective when reinforcers were provided
for 80% of opportunities from the beginning of intervention, the authors could not first replicate
traditional FCT. Nonetheless, when procedures consistently produce stable outcomes, system-
atic lines of inquiry that employ this “baseline” strategy can amass a considerable amount of
evidence supporting the reliability of the original relation while simultaneously exploring the
parameters and boundary conditions that establish such relations.

Failures to replicate should “spur further research rather than lead to a single rejection of
the original data” (Sidman, 1960, p. 74). “Science progresses by integrating, and not by throw-
ing out, seemingly discrepant data” (Sidman, 1960, p. 83). In this regard, as an applied
researcher, your responsibility is to identify modifications to the original intervention, or iden-
tify an alternative intervention, that will be beneficial to the participant. It is not generally
acceptable to simply note that there was a failure to replicate and move on; this is partially
because identifying and evaluating an alternative effective behavior change procedure will pro-
vide information about why the original procedure was ineffective and provides evidence that
the behavior was amenable to change and that data collection procedures were sufficiently
sensitive and valid.

Considerations Relevant to External Validity

Below we discuss the four features that are commonly discussed in relation to the external and
ecological validity of relations (Shadish, Cook, & Campbell, 2001)—participants, contexts (set-
tings), dependent variables, and intervention features.

Participant Characteristics
When an educator or practitioner considers using an intervention with a student or client
based on one or more single case studies, they may ask: “What individual characteristics or
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variables should I consider in determining the likelihood that the intervention under consid-
eration will be successful with my students or clients?” There are several variables that they
might consider, including status variables and functional characteristics. Status variables are
participant descriptors including gender, age, race, ethnicity, disability, academic achieve-
ment, grade level, educational placement, and geographic location (Research Committee of the
Council for Learning Disabilities; Rosenberg et al., 1992). This type of descriptive information
is common and expected in research reports, but is it sufficient for determining whether an
intervention will generalize to an individual with similar status variable descriptors? Wolery
and Ezell (1993) assert that status variables are only “part of the picture” for determining exter-
nal validity, and “that failure to replicate in subsequent research or in clinical and educational
settings is undoubtedly related to many other variables than the precise description of subject
characteristics” (p. 643). In a brief review of constant time delay (CTD) research they found
that despite consistent findings across several studies, procedural modifications were neces-
sary even though participants “were nearly identical on status variables.” They concluded that
status variables were, if not unimportant, at least not the most important considerations for
intervention success.

But if status variables are not the best predictors of generalization, what variables are? We
suggest that functional characteristics are likely better predictors. Functional characteristics
are features that are particularly relevant to the relation being studied; that is, they are func-
tionally related to the independent and dependent variables. For example, when studying natu-
ralistic developmental behavioral interventions (NDBIs) for young children, the extent to
which children initiate communication, engage in conventional play behaviors, and actively
avoid proximity with others may be functional characteristics that impact intervention success
more so than age, disability status, or race/ethnicity. In a study designed to increase conversa-
tion for young children with autism, Bateman et al. (2023) reported important demographic/
status variables (e.g., age, diagnosis, home language spoken) but also reported each partici-
pant’s typical expressive and receptive language levels (“vocally labeled a wide variety of two-
dimensional and three-dimensional stimuli and receptively identified many common items ...
imitated adult actions, followed many 1-step directions, and was beginning to respond appro-
priately and correctly when asked personal information questions,” p. 167). This information is
likely critical for determining the characteristics of autistic children likely to benefit from the
intervention. (We note here that we use both person-first and identify-first language in this
text, given the variability in preferences for the subset of the population who have had the
opportunity to share their opinions (e.g., Bury et al., 2023; Kenny et al., 2016).)

One way to assess functional characteristics is to describe the characteristics of participants’
pre-intervention environments (e.g., response contingencies, number of opportunities to
respond) and their behavior patterns. For example, during a large group activity in a class-
room, with multiple opportunities for choral responding and social praise for correct answers,
assume two young children (JD and Kenton) respond often and correctly and two young chil-
dren (Kyson and Myles) respond rarely. In this case, all are 4-year-old males but baseline
responding is consistently different for Kyson and Myles, perhaps indicating that intervention
is required. This, however, is not enough to confirm that the same intervention is likely to result
in behavior change. For example, during teacher interviews you might learn that Kyson’s
academic skills are advanced, but his motivation is low (indicating potential need for a
reinforcement-based intervention), while Myles has more difficulty with acquiring the aca-
demic skills targeted during the large group activity (indicating a potential need for a focused
academic intervention). Thus, information about the baseline performance of participants can,
and should, be gleaned from multiple sources and used to determine the extent to which par-
ticipants are similar on critical variables potentially impacting intervention success. Another
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example of this critical concept is that high rates of challenging behavior in a baseline condi-
tion for two individuals do not necessarily implicate that the same intervention would be suc-
cessful for reducing those behaviors—instead the function of the behavior (along with other
contextual information) is more likely to lead to appropriate intervention selection. To deter-
mine what variables are critical, you must gain expertise in the relation being studied, includ-
ing specifying a theory of change for your independent variable (see Chapter 6).

Context Characteristics

Experiments, including single case experiments, are often performed in atypical settings or
activities. For example, even work described as naturalistic often takes place in research clinics
(e.g., NDBIs, Windsor & Ledford, 2023) and work conducted in inclusive settings often takes
place during activities carefully designed and controlled by researchers (e.g., pull-out instruc-
tional sessions with a researcher; Eyler & Ledford, 2023; Chazin & Ledford, 2021). We will refer
to settings, activities, materials, and social partners as “context characteristics.”

Not all experiments include questions about applicability in typical settings, and some
researchers have pointed out that findings in a “typical” setting are no more generalizable (i.e.,
to other, different settings) than those in laboratory contexts (Birnbrauer, 1981). However, vari-
ability in context characteristics across multiple studies does provide evidence that the rela-
tions identified in one or more studies are robust to context differences. Thus, it is critical to
describe the important, functional characteristics of contexts and activities so that others
understand the evidence of generality that is present in a given body of work. For example, in
the study by Bateman et al. (2023) discussed above, researchers describe the type of classroom,
number of children present and their disability status, the activity type and seating arrange-
ment, and procedures for redirecting non-participants—all of this information is important
for replicability and understanding the context in which the relation can be expected.

Dependent Variables

Relations between dependent and independent variables can also vary by measurement and
features of the dependent variable. For example, the relation between Intervention A and the
rate of challenging behavior may vary based on the sensitivity of the measurement system
and the topographical characteristics of the measured behavior (e.g., whether the behaviors
are defined to include aggression, disruption, self-injury, etc.). Similarly, the relation between
Intervention B and academic performance may be different based on the similarity of teach-
ing targets to measurement, the breadth and number of targets, and the domain of behaviors
(e.g., math, reading). The more variable the dependent variable features are across studies, the
greater the evidence for generality of the relation with the larger construct of interest.

Intervention Features

The relation between an independent variable and dependent variable can also vary based on
differences in implementation of the independent variable present across studies. Common
ways interventions may vary include:

o Frequency and dosage of intervention implementation. The frequency and dosage of
intervention implementation may impact relations between the intervention and depen-
dent variables. The relation between frequency/dosage and outcomes is rarely experi-
mentally established, but a body of work that shows relations are consistent even when
variability in dosage exists provides evidence of external validity in this domain.

o Variations in procedures. Generally, interventions conducted across studies are not
implemented in identical ways. For example, one researcher may use poker chips as tokens
for correct responding during an instructional session, while another may provide brief
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access to a preferred toy. Generality across differences in implementation provide evidence
that the relation is robust to variations in procedures. Sometimes, a general framework is
used to establish a relation between a given dependent variable (e.g., rate of challenging
behavior) and a process of intervention selection and implementation rather than a specific
procedure. This type of research provides evidence that decisions made using a frame-
work, which vary by participant, can lead to similar outcomes. These studies may provide
within-study evidence of external validity in relation to procedural variations.

+ Implementer role, training, and qualifications. Evidence that a given relation holds with
a variety of implementers may be valuable in predicting its utility outside the research
context. For example, enhanced milieu teaching, an NDBI, has been implemented by
teachers, parents, and graduate students (increasing evidence of external validity in
relation to implementer status), but only after considerable training and coaching from
skilled researchers (providing limited evidence of external validity in relation to varia-
tions in intensity of implementer training; Quinn, Kaiser & Ledford, 2021; Roberts et al.,
2014; Wright & Kaiser, 2017).

« Fidelity of intervention implementation. Relations that hold even when the interven-
tion is not implemented as planned are highly valuable, since it may be difficult for
endogenous implementers (i.e., individuals normally present in an individual’s typi-
cal environment) to consistently implement some interventions with high fidelity. Some
relations may be durable in the presence of fidelity failures while others could require
high-fidelity implementation. Data regarding the extent to which intervention imple-
mentation occurred as planned is critical for identifying relations between fidelity and
outcomes (see Chapter 6).

Related Constructs
Ecological Validity

Ecological validity refers to the extent to which study features relate to real-world contexts,
and as such, is considered an important aspect of external validity. Studies with a high degree
of ecological validity (e.g., studies conducted in a typical setting with endogenous implement-
ers) provide greater confidence that discovered relations will hold in those relevant contexts; by
contrast, studies with a low degree of ecological validity (e.g., studies conducted in an austere
research space with unfamiliar researchers as implementers) do not establish the generality of
relations to other non-research contexts. When single case research is conducted to improve the
everyday life of human participants, it is paramount to establish that demonstrated relations
hold under typical and relevant conditions. As such, ecologically valid research is commonly
desired among behavioral researchers. However, it is not accurate to assume that relations
demonstrated under highly contrived conditions cannot contribute to robust and generalized
phenomena; rather, across-study replication along the continuum of ecological validity (from
basic, to translational, to applied research) has proven a successful strategy for the discovery
of phenomena with high degrees of generality and has formed the foundation of the science of
human behavior (Fahmie et al., 2023).

Construct Validity

Another concept somewhat related to generality and external validity is that of construct
validity, which refers to the extent that features of a study are representative of the actual con-
cepts of interest. Generally, construct validity has been conceptualized as pertaining primarily
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Table 2.2 Examples of Threats to Construct Validity

Domain Threats to Construct Validity

Inadequate Explication
of Constructs

Inaccurate or Non-Conventional
Explication of Constructs

Construct Confounding

Participants ~ Authors describe participants
as being “at risk” but do
not describe characteristics

leading to this designation.

Settings Authors report their study is
conducted in a “school”
but fail to describe that it
is a private program with
1:1 staffing and highly-
trained, research-involved

implementers.

Treatment
Variables

Authors report the use of
visual supports but provide
no information about
topographical or functional
characteristics of these
visuals.

Measurement Authors measure challenging
Variables behavior but do not provide
operational definitions of
the behaviors included.

Authors describe participants with
autism but include infant siblings
without official autism diagnoses.

Authors describe the setting as “free
play in the classroom” but provide
only one toy and no peers are
present.

Authors describe the use of response
interruption and redirection
(RIRD) but only use interruption
rather than providing redirection
to a meaningful activity.

Authors use challenging behavior
to refer to a variety of behaviors,
including “precursor behaviors”
which would not conventionally
be considered to be problematic.

Authors describe children as having
challenging behavior, but they
are identified by teacher report,
which is confounded with race
and culture.

Authors describe two settings for
measurement as segregated and
inclusive but do not specify
supports and structure in each
setting likely to be related to
intervention success variation
(e.g., one-to-one support in one
setting but not the other).

Authors describe the use of
a reinforcement-based
intervention but fail to describe
that one active ingredient of
the intervention was more
consistent use of response
cost (a punishment-based
procedure).

Authors measure stereotypy across
conditions, but in one condition,
they do not include stereotypy
occurring during active
intervention segments.

to dependent variables. However, as with external validity, Shadish et al. (2001) describe four
areas in which construct validity issues can occur: Participants, settings, dependent variables,
and intervention features. One way to think about construct validity is to ask: Are the labels
used in my study representative of the ideas I'm attempting to convey, or are they misaligned,
incomplete, or not sufficiently specific? Construct validity is not necessarily tied to the relation
identified, although difficulties with construct validity can impact conclusions drawn about
the relation. Here, we identify two threats to construct validity most applicable to single case
design, using terms suggested by Shadish et al. (2001); and describe one additional problem not
identified by Shadish (inaccurate or non-conventional explication of constructs). In Table 2.2,
we describe examples of how these problems can occur across the four types of study features.

« Inadequate explication of constructs: This problem refers to the insufficient description
of a study feature. Insufficient descriptions of participants, settings, dependent variables,
and intervention characteristics limits correct interpretation of the concepts that authors
intended to convey in their studies. For example, an author who describes participants
simply as children with autism prevents readers from understanding functional charac-
teristics of participants likely to benefit from the intervention given the heterogeneity
associated with autistic individuals.

 Inaccurate or non-conventional explication of constructs: This problem, not described
by Shadish et al. (2001), refers to the use of a term that is applied non-conventionally
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rather than non-adequately. For example, authors might use different terms for the same
intervention, or the same term for interventions that are quite different. This problem
has been identified as a serious impediment to synthesizing relations across studies (cf.
Ledford et al., 2021). Relatedly, authors can use terms such as challenging behavior to
refer to a variety of behaviors, including “precursor behaviors” which would not conven-
tionally be considered to be problematic.

o Construct confounding: This problem occurs when a described feature of a study is
confounded with an unconsidered feature. For example, authors of a study may suggest
that Intervention A is effective for changing the behavior of children with challenging
behaviors. However, the components of the described intervention (one construct) co-
occurred with an uncontrolled additional feature—positive and responsive adult interac-
tions (a separate construct). Thus, it is possible that the second construct, rather than the
intended one, could be partly or wholly responsible for the intervention effect.

We note that some items described by Shadish as related to construct validity are conceptual-
ized as being threats to internal validity and described in Chapter 3 (experimenter expectan-
cies and treatment diffusion, as related to procedural infidelity; novelty and disruption effects
as related to adaptation; reactivity to experimental situation as Hawthorne effects). The differ-
ences are subtle—there is a construct validity issue when there is a concern about the extent
to which study features match constructs of interest, but an internal validity issue when some-
thing about the study features impede our ability to draw causal conclusions. Construct valid-
ity has not been explicitly discussed in previous versions of this textbook (Ledford & Gast,
2018) or other well-regarded single case texts. Thus, we provide considerations for construct
validity as preliminary guidance for the field. We acknowledge that additional work in this
area, including specific guidance for avoiding these threats, would be beneficial for the field.

Recommendations for Across-Study Replications

If you wish to initiate an across-study replication attempt, we suggest you proceed using the
following general steps. More information is provided about reviewing and summarizing lit-
erature in Chapters 18 and 19.

1. Identify studies that relate to your research interest(s) or question(s) via electronic
search, author search, or ancestral search (see Chapter 19). It may be helpful to review
recently published literature reviews and meta-analyses on your topic for a compre-
hensive reference list of empirical investigations that addressed the same or similar
research question(s).

2. Organize information about the studies, including ways they are similar and different
across domains (e.g., participants, settings, dependent variables, intervention features).

3. Read and list researchers’ suggestions for future research on the topic. These are com-
monly found in the discussion section of research reports.

4. Write your research question(s), if you haven't already, considering previous research,
your own clinical or educational expertise, and practical resource constraints (e.g.,
access to participants, daily schedule, availability of materials, control of contingencies).

5. Identify potential critical and non-critical features of the intervention, critical func-
tional characteristics of participants, setting features that might impact replication,
and measurement issues that have not been addressed in previous work.

6. Determine which features will remain the same as in previous work and which
feature(s) will vary, using your theory of change (Chapter 6).



26 ® Joseph M. Lambert et al.

7.  Write and revise a research proposal, explicitly stating that the study is a replication
attempt, and report the specific differences between your proposed study and those
that have preceded it.

8. Conduct the study according to your written protocols and note whether relations
identified in previous studies hold given your specific variations. In cases of “failure
to replicate,” your ability to implement a successful variation of, or alternative to the
original intervention, will advance understanding of the reliability, generality, and lim-
itations of the relation of interest.

Conclusion

Careful consideration of the constructs of interest and replication of previously identified rela-
tions are essential for evaluating generality. Across-study replication is ongoing, never over,
as a failure to replicate may be just around the corner. When outcomes are not reproduced as
expected, a limitation to the external validity of the relation is revealed. Applied behavioral
researchers approach such failures as a challenge and attempt to identify their cause, as well as
to identify modifications to the original intervention that will bring about the desired behavior
change. Through the replication process, the science of human behavior is advanced and our
ability to design effective and efficient instructional and treatment programs enhanced.
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As described in Chapter 2, replication refers to repeating attempts to establish a functional
relation between a specific independent variable on a dependent variable. Replication is impor-
tant in all research paradigms, and, in fact, the failure to replicate has been referred to as
a “crisis” in psychology, behavioral science, education, and related literatures (Coyne et al.,
2016; Locey, 2020; Shrout & Rodgers, 2018). The replication rate in published single case design
research is higher than that of between-groups research (Lemons et al., 2014), although fail-
ures to replicate are difficult to locate because of the “file drawer effect” which describes the
reluctance or inability of researchers to publish findings that show that an intervention does
not work under some conditions (Gage et al., 2017; Tincani & Travers, 2019). As described in
Chapter 2, there is some inconsistency in terminology used across time within in the field. We
will refer to replication that occurs in a single study as within-study replication, and that is the
focus of this chapter.

Within-Study Replication

What we refer to as within-study replication was defined as direct replication by Sidman (1960)
as “the repetition of a given experiment by the same experimenter ... accomplished either by
performing the experiment again with new subjects or by making repeated observations on
the same subject under each of several conditions” (p. 73). He describes two relevant classes of
these replications: Intra-participant direct replication and inter-participant direct replication
(historically, “intra-subject” and “inter-subject”—see Chapters 1 and 16 for a discussion of the
use of the term “participant” rather than “subject”). Contemporary guidelines (e.g., Ledford
et al.,, 2023) call for every single case study to include multiple attempts at replication (see
Chapters 9, 11, and 13 for more information about the various ways in which replications are
built into common single case designs).

Both intra-participant and inter-participant replications refer to an investigator’s attempts
to repeat an experimental effect. Repeated attempts for the same participant are referred to as
intra-participant replication. For example, researchers have evaluated whether parent train-
ing improved the extent to which parents of young children with disabilities used matched
turns (first demonstration), target talk (replication), and expansions (another replication) with
their children (Peredo, Zelaya, & Kaiser, 2018) when intervention was applied to each behavior
sequentially. Thus, for each participant, there were three opportunities for demonstration of
the relation between the intervention and targeted interaction skills. Repeated attempts for
different participants in the same study are referred to as inter-participant replication. For
example, researchers have evaluated whether children learn better with and prefer time delay
prompting procedures or the system of least prompt strategy, and included replication of the
comparison for 6-10 children in a single study (e.g., Eyler & Ledford, 2023; Chazin & Ledford,
2021). Single case design studies with more than one participant can include both intra- and
inter-participant replication. See Figures 3.1 and 3.2 for examples of a replicated relation for a
single participant (intra-participant replication) and multiple participants (inter-participant
replication). In Figure 3.1, the comparison between baseline and intervention conditions is
repeated over time with the same participant by alternating between phases (an A-B-A-B
design, discussed in detail in Chapters 9 and 10). In Figure 3.2, the comparison between base-
line and intervention conditions is repeated with three different participants (a multiple base-
line across participants design, discussed in detail in Chapters 11 and 12).
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Figure 3.1 Intra-Participant Replication.

Note: This figure depicts within-participant replication of effects (i.e., intra-participant replication), with high lev-
els of behavior in the first baseline condition (School Days 1-5), followed by a decrease in levels in the first inter-
vention condition (School Days 6-10). This effect is then replicated with the same participant (School Days 11-20).

Callout 3.1 A Note on Terminology

Given we have already used the term condition multiples times, it seems important to
define the term and to compare it with the similar term phase, since these terms are often
used interchangeably and were not consistently used in the previous version of this text.
We will use the term condition to refer to a collection of measurement occasions (e.g.,
each time point at which you measure behaviors, often divided into segments such as
days, dates, or sessions) during which identical procedures are used. For example, a base-
line condition refers to a collection of sessions during which the same non-intervention
conditions are applied while an intervention condition refers to a collection of sessions
during which the same treatment procedures are applied. These sessions need not be con-
secutive or adjacent; they are referred to as a single condition because of their procedural
identicalness. To confuse matters, the plural of the term is sometimes used to refer to the
procedures themselves (e.g., baseline conditions can be used interchangeably with base-
line procedures). We will use the term phase to refer to a collection of sessions that occur
during a given period of time. In some designs, conditions can be implemented in two
different phases (e.g., baseline conditions can occur in two temporally separate phases,
one before intervention implementation and one after intervention withdrawal), and in
some phases, multiple conditions can be implemented (you can read more about this in
Chapters 13 and 14 on rapid iterative alternation designs). In summary, a condition refers
to a collection of sessions that are procedurally connected, while a phase refers to a collec-
tion of sessions that are temporally connected.
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Figure 3.2 Intra-Participant Replication.

Note: This figure depicts across-participant replication of effects (i.e., inter-participant replication), with low
levels of behavior in the baseline condition for Participant 1, followed by an increasing trend and high lev-
els in the intervention condition (top panel). This effect is then replicated with two additional participants
(Participant 2, middle panel; Participant 3, bottom panel).

Internal Validity

The purpose of both intra- and inter-participant replication is to provide confirmatory evidence
that the relation that was initially observed is the result of a researcher’s planned manipula-
tions rather than any other cause that is external to the study. That is, within-study replica-
tion is necessary for establishing internal validity—the extent to which the relations observed
in the study can be confidently attributed to the planned changes between conditions and
only to those changes. For example, a researcher might collect data in a classroom across five
days during a school week and observe high rates of off-task behavior for a particular child.
That researcher might devise and implement an intervention the next school week and observe
reduced rates of off-task behavior. However, many alternative explanations are possible for the
change in behavior—perhaps the child was ill during the first week of observations and felt
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well the second week. Or they may have been distracted by the researcher during the first week
but acclimated to his presence the second week. Many possible and plausible explanations
could exist for the difference. However, if the researcher attempted to replicate the relation by
observing without the intervention during a third week, and again with the intervention dur-
ing a fourth week, and the relations held (e.g., higher off-task behavior during no-intervention
weeks and lower off-task behavior during intervention weeks), we would be more confident
that differences in condition procedures were the cause of behavior change. Of course, even
this is not foolproof—for example, the child may have been with a parent who enforced an
early bedtime in weeks 2 and 4 but with a parent who had a later bedtime rule during weeks 1
and 3. This is why contemporary guidelines require specific ways of ordering the replications to
ensure probable alternative explanations are ruled out (see Chapters 9, 11, and 13).

Threats to Internal Validity

Internal validity of a study depends on how well the researcher has controlled or mitigated
other plausible explanations for behavior change beyond those planned experimental changes.
Two concepts are important for understanding the pragmatics of internal validity. First, it is
impossible to control for every possible alternative explanation. Second, a possible alternative
explanation may not be an actual threat. Each possible alternative explanation should be con-
sidered in the design of your study and the analysis of other researchers’ studies. The extent
to which threats to validity are evaluated and controlled for, along with the presence of a suf-
ficient number of within-study replications, will determine the level of confidence you have in
the findings. You should not be disheartened to learn that just as there is no free lunch, there
is no perfect experiment. Instead, there are carefully designed experiments, experiments that
are executed as carefully as they were planned and that provide “adequate and proper data”
(Campbell & Stanley, 1963, p. 2) for analysis. Your task is to describe what happened during
the experiment and to be able to account for planned and unplanned outcomes. Below is a
non-exhaustive list of threats to internal validity that may be likely in studies using single case
design; many are also applicable for other experimental studies (e.g., group comparison studies).
Table 3.1 lists these threats in relation to threats listed by Shadish et al. (2002, a book primarily
concerned with between-groups research). We note that he identifies some threats as related to
internal validity and some to statistical conclusion validity (the extent to which changes occur,
without regard to causality) or construct validity (discussed in Chapter 2). We consider all to
be relevant to internal validity, as they relate to single case design. Also in Table 3.1 is how the
threats identified by Shadish and colleagues were categorized by Petursdottir and Carr (2018),
in relation to single case design.

It is important to minimize the likelihood of threats to internal validity so that you can
draw confident conclusions about the relation between the independent variable (e.g., inter-
vention) and dependent variable in a single case study. A functional relation is established
when consistent behavior change occurs, in the expected direction, when and only when con-
dition changes occur, and when likely threats to internal validity have been mitigated. Specific
requirements for functional relations and how to establish them via visual analysis will be
discussed more in Chapters 10, 12, and 14.

History

History effects refer to events that occur during an experiment, but that are not related to
planned procedural changes, that may influence the outcome. These effects, and their potential
influence on conclusions about internal validity, are detected via visual inspection of graphs
and (when applicable) careful session notes (e.g., describing the occurrence of events that could
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Table 3.1 Threats to Internal Validity, as Categorized by Other Researchers

Threats Terminology Used by Type (Shadish Relevance to Single Case
Shadish et al. (2002) et al., 2002) (Petursdottir & Carr, 2018)
History History Internal Relevant
Maturation Maturation Internal Relevant
Testing Testing Internal Relevant
Attrition Attrition Internal Not Relevant
Selection Selection Internal Not Relevant
Regression to the Mean Regression Artifacts Internal Not Relevant
Instrumentation Unreliability of Measures sC Relevant
Instrumentation Internal Relevant
Procedural Infidelity Unreliability of Implementation sC Relevant
Experimenter Expectancies Construct Relevant
Treatment Diffusion Construct Relevant
Adaptation Novelty and Disruption Effects Construct Relevant
Hawthorne Effect Reactivity to Experimental Construct Relevant
Situation
Multi-treatment Not Addressed - Relevant
Interference
Data Instability Extraneous Variance in Statistical Conclusion Relevant

Experimental Setting

Design-related Confounds ~ Not Addressed - -

Note: Shadish defines some threats as related to construct or statistical conclusion rather than internal validity. Petursdottir & Carr (2018)
identify some as relevant to single case design. We consider all potentially relevant for at least some studies. SC = Statistical Conclusion Validity.

be related to participant behavior). Generally speaking, the longer the study (both in terms
of the number of experimental sessions and number of calendar days), the greater the threat
due to history. Potential sources of history effects, when a study is conducted in community
settings, are the actions of others (parents, siblings, peers, childcare providers) or by study
participants themselves (independent online research, observational learning, serendipitous
exposure via social media). For behaviors that demand immediate attention in the eyes of a
significant other, there may be an attempt to intervene prior to the scheduled intervention
time. For example, while a researcher is implementing a token economy to reduce problem
behaviors, a parent might introduce a separate (and unplanned) punishment procedure while
the study is ongoing. While the parent may intend for the additional procedures to enhance
your planned intervention (and while they may do this), this unplanned “history” effect will
render your results less interpretable. Also, participants may learn target content through tele-
vision or learn target social behaviors through observing the consequences delivered to others;
the change in behavior resulting from this learning is a history effect. Other individual-specific
unplanned events (e.g., seizure the night before, fight on the school bus, medication change)
or community-wide events (e.g., school-wide policy change, widespread social unrest) may
temporarily alter the occurrence of the target behavior.

A history effect that has a minimal impact on confidence in outcomes is depicted in the top
panel of Figure 3.3. In this hypothetical example, a participant engaged in much lower levels of
challenging behavior on a school day when he was ill. Because levels of challenging behavior
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Figure 3.3 History Effects with Minimal (top) and Considerable (bottom) Impacts on Confidence
in Relation between Independent and Dependent Variables.

Note: In the top panel, a potential history effect is depicted in the baseline condition. On School Day 4, a child
was ill, which corresponded with unusually low levels of challenging behavior compared with the other six mea-
surement occasions during baseline. Because levels were similar before and after the day that event occurred,
our confidence in the relation between the independent and dependent levels is minimally impacted. In the
bottom panel, the same decrease in level occurred when a child was ill, but levels remained low in the baseline
condition following the illness. Thus, we cannot be reasonably certain that the intervention was responsible for
any change in challenging behavior.

were consistently high on other days (before and after the illness), that one event has little
impact on our interpretation of the effectiveness of the intervention. However, in the bottom
panel of Figure 3.3, a history threat—an instance of a history effect that decreases internal
validity and interpretability of results—is depicted. In this hypothetical example, the partici-
pant’s challenging behavior does not increase in the school days following the illness. This
prevents us from drawing conclusions about the effectiveness of the intervention. History
threats generally cannot be prevented, although in some cases, it might be appropriate to ask
participants to not engage in related outside activities that increase risk of history threats (e.g.,
beginning new related therapies, doing an Internet search about the intervention procedures
prior to training); when these types of instructions are given to participants, they should be
reported in written descriptions of the study.

It is important to note that history, as well as maturation and testing effects, may be unclear
or indistinguishable from other threats via visual analysis. That is, we can hypothesize that a
given event occurred (history threat) but we often cannot be certain that the hypothesized
event is responsible for behavior change. Similarly, it may not be clear from graphs whether a
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history event outside of the study resulted in behavior change, or whether behavior change is
due to testing procedures during baseline (described below), or some other factor.

Maturation

Maturation effects refer to changes in behavior due to the passage of time and are also detected
via visual inspection of graphs. In a “short” duration study maturation is not likely to influence
the analysis of the effectiveness of a powerful independent variable that focuses on improving
language or motor skills of a child who has a history of slow development. If the study is car-
ried out over several months or longer with the same young child, especially if an interven-
tion is used during which slow and gradual improvements in skills are expected, there is a
greater likelihood that maturation effects result in decreased interpretability. The top panel of
Figure 3.4 shows a data pattern in baseline that might indicate a maturation effect (i.e., a child’s
behavior is changing due to the passage of time), but one that does not significantly impact
conclusions drawn about change that occurs when the intervention is implemented. The bot-
tom panel shows an instance of a maturation threat—an instance of a maturation effect that
threatens the internal validity of the study, making interpretation of intervention effects dif-
ficult. Maturation threats are primarily prevented by avoiding long-duration studies (e.g.,
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Figure 3.4 Maturation Effects with Minimal (top) and Considerable (bottom) Impacts on
Confidence in Relation between Independent and Dependent Variables.

Note: In the top panel, the maturation effect is not worrisome because there is a clear and large change in
behavior when the intervention condition begins. In the bottom panel, the maturation effect threatens internal
validity because it is difficult to tell whether behavior gets to high levels because of maturation, the intervention,
or an interaction of these factors.
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scheduling sessions multiple times per week rather than one time per week, to reduce total
time spent in each phase) and by assessing interventions that are likely to result in substantial
and immediate improvements relative to baseline. Between-groups designs (see Chapter 1) are
better suited for behaviors that are likely to change slowly over time during baseline and rela-
tively slowly or with a delay during intervention.

Testing

Testing is a potential threat in any study that requires participants to respond to the same
test repeatedly, especially during a baseline or probe condition; testing effects occur when
repeated assessment tasks result in participant behavior change. Like history and maturation
effects, testing effects can be detected via visual analysis of graphs.

Repeated testing may have a facilitative effect (improvement in performance over successive
baseline or probe testing or observation sessions) or an inhibitive effect (deterioration in per-
formance over successive baseline or probe testing or observation sessions) depending on how
the “test” condition is designed. A test condition that repeatedly presents the same academic
task, prompts correct responses through a correction procedure, or delivers reinforcement
contingent upon a correct response, may result in a facilitative testing effect. This is, of course,
beneficial for participants, but renders conclusions about subsequent intervention effects dif-
ficult to draw. Detecting facilitative testing effects in baseline often results in a decreased need
for intervention; if researchers continue to intervene despite these effects, they produce a test-
ing threat—which occurs when a history effect results in decreased internal validity and dif-
ficulty drawing conclusions about outcomes (see top panel of Figure 3.5). Test sessions of long
duration, requiring substantial participant effort, with minimal or no reinforcement for atten-
tion and active participation may result in an inhibitive testing effect. If potential inhibitive
effects are identified, baseline procedures can be modified to mitigate the effects to avoid a
testing threat to internal validity that reduces internal validity. For example, the bottom panel
of Figure 3.5 shows initial levels of behavior that ranged from 20-30% correct then decreased
to 0% correct responding. This might happen, for example, if you failed to reinforce attempts
or accurate responding during baseline conditions. A modified baseline (perhaps with addi-
tional instructions and opportunities for reinforcement) resulted in levels of behavior that was
similar to that in initial sessions, perhaps representing a participant’s “best effort.”

Testing effects can be prevented by designing conditions so that they yield participants’ best
effort so that you neither overestimate nor underestimate the impact of the independent vari-
able on the behavior. Facilitative effects of testing can be avoided by not reinforcing correct
responses, particularly on receptive tasks; not correcting incorrect responses; and not prompt-
ing (intentionally or unintentionally) correct responses. Of course, these procedures (e.g., fail-
ing to reinforce correct responses) might be ethically or practically objectionable, and may
impede later learning. Thus, you may decide that some level of facilitative procedures in base-
line are acceptable. Procedural reliability checks will help with detecting procedural errors that
could influence participant performance. Inhibitive effects of testing can be avoided by con-
ducting sessions of an appropriate length and difficulty level (i.e., avoid session fatigue; inter-
sperse known stimuli with unknown stimuli and reinforce correct responses to known stimuli;
and reinforce correct responses on expressive, comprehension, and response chain tasks).

Instrumentation

Instrumentation threats refer to concerns with the measurement system that reduce con-
fidence in outcomes (i.e., threaten internal validity); they are of particular concern in single
case design studies because of repeated measurement by human observers who may make
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Figure 3.5 Testing Effects with Facilitative (top) and Detrimental (bottom) Effects on Baseline
Performance.

Note. In the top panel, the participant could be learning the targeted behaviors due to simple repeated exposure
or reinforcement for guessing in baseline, threatening internal validity because it isn't clear the extent to which
changes in behavior are due to testing effects, the intervention, or a combination of those factors. In the bottom
panel, failing to reinforce correct responding could have led to decreased effort for the participant and zero cor-
rect responding. Thus, a modification was required to get accurate baseline performance before initiating the
intervention condition.

systematic errors. In studies using single case logic, the percentage agreement between two
independent observers is the most common strategy for determining whether there is a threat
to internal validity due to instrumentation (see more in Chapter 5). That is, two people observe
the same event and record their decisions about how to characterize the event according to
a specific set of rules. Afterward, they check to see the extent to which their decisions agree.
Instrumentation threats are detected via analysis of these interobserver agreement (IOA) data.
If agreement is low or changes over time, it may suggest that the data were not measured in a
way consistent with the intent of researchers. You can avoid common problems by carefully
defining behaviors of interest, using appropriate recording procedures, frequently checking for
reliability by using a secondary observer, and visually analyzing data from both observers on
the same graph (Artman et al., 2012; Ledford et al., 2012; Ledford & Wolery, 2013). Analyzing
these data is covered in depth in Chapter 5.
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Procedural Infidelity

Procedural infidelity refers to the lack of adherence to condition protocols by study imple-
menters. It is detected via collection and analysis of procedural fidelity data—data that describe
the extent to which implementers are implementing procedures as intended. Procedural infi-
delity might occur once (e.g., when a new research assistant has a misunderstanding about the
situations under which she should reinforce a specific behavior and conducts one session using
the wrong rules) or consistently (e.g., if teachers implementing your intervention consistently
cannot engage in all of the planned behaviors in the complex setting of their classrooms). If the
procedures of an experimental condition (baseline, probe, intervention, maintenance, gener-
alization) are consistently not implemented as described in the Methods section of the research
proposal or report, confidence that outcomes are related to the intervention is considerably
reduced, resulting in a procedural fidelity threat. Further, even some momentary procedural
fidelity lapses may result in uninterpretable data (e.g., Lambert et al., 2023). Procedural infi-
delity threats to internal validity can be avoided by defining clear rules for implementation,
adequate implementer training and supports, and consistent collection and analysis of fidelity
data, with modifications to training and supports provided as needed.

Selection Bias

Generally, participants are selected according to rules called inclusion criteria. Selection bias
involves choosing participants using rules that are different than reported inclusion criteria
and that are not apparent to non-researchers, and this is a threat when these rules are used in a
way that differentially impacts the inclusion or retention of participants in a study, when com-
pared to the population of interest. Several resources are available which discuss selection bias
in group comparison designs (Pyrczak, 2016; Shadish et al., 2002). In single case research, the
population refers to individuals who meet the inclusion criteria for the study and have similar
functional characteristics to the participants (Lane et al., 2007; Wolery, Dunlap, & Ledford,
2011). For example, Ledford et al. (2017) included 12 children in a study to assess preference for
massed versus embedded instruction, and named the following inclusion criteria: (1) ability to
play developmentally appropriate games with turn-taking, (2) ability to make choices given line
drawings, and (3) verbal imitation. Assume that Ledford and colleagues had 14 potential par-
ticipants but decided to request consent from 12 due to resource constraints. Thus, she excluded
two boys who had a history of not following directions during teacher-led activities (e.g., massed
instruction) to reduce the risk of attrition. This decision leads to the potential for inaccurately
identifying differential outcomes because of the purposeful exclusion of participants unlikely
to perform well in one of the two conditions. As a side note, this particular hypothetical situa-
tion did not occur, but participants were chosen from a larger set of eligible students based on
convenience, so sampling bias is still possible (e.g., we may have chosen students who had rela-
tively high academic skills because students with higher support needs received more therapy
and were thus available less frequently).

Attrition is the loss of participants during the course of a study, which can limit the gener-
ality of the findings, particularly if participants with certain characteristics are likely to drop
out (e.g., participants who are not benefitting from the intervention). Attrition threats occur
when participant loss (attrition) impacts the outcome of the study. Thus, when any participant
consents to participate in your study and does not complete the study, you should always (1)
explicitly report it, along with relevant information about why it occurred, and (2) include any
data collected for that participant in your research report. This ensures that data from “non-
responders” are not systematically excluded from published research, resulting in bias regard-
ing evidence of intervention effectiveness. Preventing attrition may be difficult, but attrition
may be less likely to occur when (1) baseline durations are effectively managed, (2) you choose



Establishing Internal Validity via Within-Study Replication ® 39

participants likely to benefit from the intervention, and (3) you are forthcoming about any dif-
ficulties that could be associated with research participation (e.g., uncomfortable baseline ses-
sions, difficult-to-implement intervention components). All participants who are included in a
study, even those who drop out and especially those who have unexpected response to inter-
vention, should be included in all reports.

Multiple-Treatment Interference

Multiple-treatment interference (also called multi-treatment interference) can occur when a
study participant’s behavior is influenced by more than one planned intervention during the
course of a study. These effects can be detected via visual analysis when appropriate designs are
selected and suitable condition ordering is used (see Chapters 9 and 13). One type is sequential
confounding (sequence effects), which refers to the influence of a participant’s behavior that
is due specifically to the order in which interventions are introduced. Another is a carryover
effect, which occurs when a procedure used in one intervention condition influences behavior
in an adjacent condition. It is important to note that multi-treatment interference refers to
interference between planned treatment conditions, not from uncontrolled outside treatments
(e.g., participant begins taking medication on the same day that you start your intervention
condition); the latter is a history effect. You can prevent or detect multi-treatment interfer-
ence by selecting appropriate designs, counterbalancing conditions (see Chapter 9), having
sufficient phase lengths for reaching stability, and (when possible) providing participants with
sufficient information about differences between conditions.

Data Instability

Instability refers to the amount of session-to-session change in the values of data (dependent
variable); when you have variable data, it is difficult to predict the approximate value of the
next data point. When you have stable data, it is relatively easy to predict a small range in which
the next data would fall given no changes in condition. A data instability threat to internal
validity occurs when the instability of data in one or more conditions makes it more difficult
to draw conclusions about differences in outcomes across phases (i.e., decreased internal valid-
ity). Generally, instability threats are detected via visual analysis and prevented by changing
conditions only when data are stable or when variability does not exceed expectations. When
very large changes in outcomes between conditions are expected, more tolerance of variable
data is allowable. When small, delayed, or variable changes in outcomes are expected, insta-
bility will result in a threat to internal validity. Thus, conservative researchers will wait until
baseline data are stable, regardless of behavior change expectations, to ensure data instability
threats will not materialize. The top panel in Figure 3.6 shows instability in a baseline phase
with minimal influence on conclusions about behavior change (i.e., even though data are vari-
able in baseline, the change in outcomes between phases is apparent). The bottom panel in
Figure 3.6 shows instability in the baseline that makes it difficult to confidently conclude that
outcome changes between phases are due to planned differences between conditions alone (i.e.,
a threat to internal validity).

Data instability (also referred to as variability) can result in a specific threat, referred to as
regression to the mean. Regression to the mean refers to the likelihood that following an out-
lying data point, data are likely to revert to levels closer to the average value. For example, sup-
pose you are hoping to intervene to increase behavior occurrence, and data are somewhat low
(e.g., 30%) for the first three data points. For the fourth data point, values drop all the way to
0%. Some would say that this is a clear indication that intervention is needed; however, even
without intervention, data are likely to improve after this outlying value. Changing conditions
at this point can decrease confidence that your intervention, rather than typical variability, is
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Figure 3.6 Data Instability Effects with Minimal (top) and Considerable (bottom) Impacts on
Confidence in Relation between Independent and Dependent Variables.

Note: Data instability is depicted in both panels, with especially large variability in baseline conditions. Although
instability (variability) is identical in both panels, confidence is less impaired in the top panel due to large

changes between conditions. In the bottom panel, variability makes confidence in relations between behavior
change and the intervention low.

the cause. You can avoid threats associated with regression to the mean, continue collecting
data until stability is established. Cyclical variability is a specific type of data instability that
refers to a repeated and predictable pattern in the data series over time. When phases are of
equal length (e.g., five days in each condition) it is possible that your observations coincide
with some unidentified natural source that may account for the variability. For example, if
your experimental schedule coincides with a parent’s work schedule (away from home for five
days, at home for five days) you may incorrectly conclude that the independent variable is
responsible for changes in behavior when in fact it may be due to the presence or absence of the
parent at home. To avoid confounding due to cyclical variability it is recommended that you
vary phase lengths across time.

Adaptation

Adaptation refers to a period of time at the start of an investigation in which participants’
recorded behavior may differ from their natural behavior due to the novel conditions under
which data are collected. Adaptation threats occur when adequate measures are not taken to
ameliorate these effects prior to data collection beginning; this results in changes in baseline
data that make changes between phases more difficult to interpret. The Hawthorne Effect,
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which refers to participants’ observed behavior not being representative of their natural behav-
ior as a result of their knowledge that they are participants in an experiment (Kratochwill,
1978; Portney & Watkins, 2000), is a specific type of adaptation threat to validity. We recom-
mend study participants be exposed to unfamiliar adults, settings, formats, and data collection
procedures (e.g., video recording) prior to the start of a study (sometimes referred to as history
training), to increase the likelihood that data collected on the first day of a baseline phase is
representative of participants’ “true” behavior. You can also avoid adaptation eftects by reduc-
ing the obtrusiveness of your measurement procedures and using endogenous implementers
rather than researchers when that is feasible.

Design-Related Confounds

One important internal validity consideration, undiscussed in previous versions of this text,
and to our knowledge, generally unconsidered in single case design, is the impact of design
on outcomes. That is, the changes in behavior that occur in your experiment may be due—in
whole or part—to the design used to assess the outcomes, rather than the condition procedures
themselves. Although this threat has not been widely discussed, some authors have noted that
design-specific effects might have influenced findings. For example, Chazin and Ledford (2021)
made the following point about their findings regarding efficiency differences between two
prompting procedures:

Because conditions alternated rapidly, children in the SLP superior group may have been
unable to discriminate when incorrect responding would result in error correction (CTD)
versus an additional learning opportunity (SLP)...researchers in future studies should
pre-teach use of waiting versus responding incorrectly; they could then indicate during
alternating instructional sessions that responding incorrectly is acceptable for SLP while
it is not for CTD. This would ensure that only children who have appropriate prerequisite

skills for both the procedures themselves and those required due to the study design (e.g.,

alternation of procedures) are included in the study.

(underlined emphasis ours)

Thus, authors of that study acknowledged that the apparent differences between conditions
in the study could have either been due to intervention effects or due to design effects. This is
different from multi-treatment interference because it is unrelated to the interventions being
implemented and instead is due to the ordering of conditions (in this case, the rapid alterna-
tion, which is required given the design type used in the study). Preventing and detecting these
threats require a comprehensive understanding of the theory and processes driving behavior
change in a given experiment (see discussions about Logic Models in Chapter 6) and the logic
and use of different types of single case designs. We will discuss specific considerations for
preventing and detecting these threats for different design types in Chapters 9, 11, and 13.

Conclusions

In this chapter, we discussed a cornerstone in all research—replication. Single case research
relies on replication to increase confidence that changes in the dependent variable between
conditions are due to changes in the independent variable between conditions, and only to
those changes. We also introduced some potential threats to internal validity, which reduce
confidence in conclusions that we can draw from an individual single case study. In subsequent
chapters, we will address many of these threats more thoroughly, and provide detailed guide-
lines for avoiding, detecting, and minimizing these threats.
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