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ABSTRACT      
Randomized controlled trials (RCTs) are considered the gold standard of evidence guiding intervention selection in rehabilitation. However, 
conduct of sufficiently powered RCTs in rehabilitation can be expensive, pose ethical and attrition concerns when participants are assigned to 
ineffective treatment as usual conditions, and are infeasible with low-incidence populations. Single-case experimental designs (SCEDs), includ-
ing N-of-1 RCTs are causal inference studies for small numbers of participants and not necessarily one participant as the name implies. These 
designs are increasingly used to evaluate the effectiveness of rehabilitation interventions in diverse clinical settings and employ design features 
including but not limited to randomization and each participant serving as their own control. These and other internal validity enhancements can 
increase the confidence in study results coming from these designs. This manuscript discusses the expanded application of SCEDs in rehabilita-
tion contexts to answer everyday clinical rehabilitation research questions with emphasis on strategies to use: 1) to maximize internal validity of 
this family of designs; 2) improve utility, effectiveness, and acceptability of these designs for rehabilitation end-users (clinicians, policymakers, 
and participants); 3) build evidence bases in areas of rehabilitation where RCTs are uncommonly used. Primary considerations for situating 
SCEDs within the continuum of experimental designs include increasing internal validity within designs, improving transparency in conduct and 
reporting of these studies, and increasing access to advanced research methods training for rehabilitation professionals.
(Cite this article as: Machalicek W, Gross DP, Armijo-Olivo S, Ferriero G, Kiekens C, Martin R, et al.; 5th Cochrane Rehabilitation Methodological 
Meeting participants. The role of single case experimental designs in evidence creation in rehabilitation. Eur J Phys Rehabil Med 2024;60:1100-11. 
DOI: 10.23736/S1973-9087.24.08713-6)
Key words: Single-case studies; Rehabilitation; Research design.

European Journal of Physical and Rehabilitation Medicine 2024 December;60(6):1100-11
DOI: 10.23736/S1973-9087.24.08713-6

MACHALICEK
SINGLE CASE EXP DESIGN REHAB

© 2024 THE AUTHORS
Open access at https://www.minervamedica.it

Across several fields and disciplines in health care, in-
cluding rehabilitation, researchers favor randomized 

controlled trials (RCTs) because well-controlled and suf-
ficiently powered RCTs are argued to provide high levels 
of internal and statistical conclusion validity. However, 
RCTs can be financially prohibitive, treatment as usual 

conditions can pose ethical, recruitment and attrition con-
cerns if the usual conditions are less effective than novel 
interventions, patients with the same condition can present 
differently, necessitating intervention adaptation and can 
be infeasible with low incidence populations and issues.1 
For these reasons, rehabilitation contexts favor adapted or 
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This paper addresses key objectives regarding the posi-
tion of SCED, including the use of N-of-1 RCTs within the 
scientific enterprise in rehabilitation. Attendees of the 5th 
Cochrane Rehabilitation Methodological Meeting Sep-
tember 2023 in Milan, Italy discussed four methodologi-
cal objectives, which included clarifying: 1) when to apply 
SCEDs in rehabilitation contexts to answer applied clini-
cal research questions; 2) strategies for maximizing the 
internal validity of SCEDs to produce rigorous studies and 
ultimately useful evidence in rehabilitation; 3) when and 
how SCEDs contribute to building the evidence in reha-
bilitation if RCTs are not yet available (e.g., understudied 
interventions, participants, and/or contexts where rigorous 
causal determination type research has been historically 
lacking); and 4) the conduct and reporting of SCED stud-
ies to improve usability for rehabilitation end-users (pa-
tients, research participants, clinicians, policymakers, and 
funders).

Objective 1: application of single-case 
experimental design in rehabilitation

Basic single-case experimental designs

Withdrawal/reversal designs

The most basic of SCEDs, built upon the non-experimental 
AB design where A is baseline and B is intervention, is the 
reversal or withdrawal design (ABAB).14 These designs 
require reversible dependent variables (e.g. outcomes im-
prove with preferred context or delivery of desired con-
sequence, visual aids, or assistive technology such as in-
creased functional hand use with use of standing frame). 
Figure 1 illustrates a hypothetical ABAB design with a 
single participant with multiple sclerosis where the first 
phase is baseline, the second phase is the first introduction 
of intervention (i.e., use of a digital planner with alarms), 
the third phase is a return to baseline (i.e., withdrawal of 
intervention), and the final phase is reintroduction of the 
intervention. The design provides opportunity for three 
demonstrations of the basic effect of intervention indi-
cated by the 1, 2, and 3. The first demonstration occurred 
between the first two phases (Baseline-Intervention), the 
second demonstration occurred between the second and 
third phases (Intervention-Baseline) when the interven-
tion is removed and participant response returns to ini-
tial baseline levels, and the third demonstration occurred 
between the third and final phases when the intervention 
is reintroduced. In Figure 1, the research question is, “Is 
there a functional relation between use of digital planner 

individualized intervention protocols rather than the “one 
size fits all” approach of RCTs.

Rehabilitation research requires a continuum of re-
search approaches mapped onto patient populations, is-
sues, contexts, and positionality of research questions 
within scholarly agendas. For research questions requir-
ing experimental designs minimizing threats to internal 
validity and implementation with a small number of par-
ticipants, rigorous SCEDs offer an attractive alternative. 
Researchers have noted this research approach’s unique 
contribution to evidence creation and SCEDs are widely 
employed in many disciplines and fields including, but not 
limited to, education, clinical psychology, and healthcare, 
inclusive of rehabilitation.2-5 Importantly, these designs 
can offer comparable internal validity to RCTs by using 
randomization strategies and blinding measurement, and 
they can contribute to external validity when replicating 
experiments across researchers, contexts, and participants.

Characteristics of single-case experimental design

SCEDs are experimental, causal inference time series stud-
ies focused on the individual as the unit of analysis. An 
expansive family of designs are available with common 
design features to pre-emptively address threats to internal 
validity, increase credibility, and improve external and so-
cial validity. SCEDs are well suited for answering research 
questions about effectiveness or efficacy of interventions, 
to build interventions or identify essential components or 
specific behavioral mechanisms, and to examine the com-
parative effectiveness of interventions or conditions in a 
study.6 A recent paper by Yang, Armijo-Olivo and Gross 
comprehensively described characteristics of SCEDs;7 
thus, we refer readers to that paper to deepen knowledge 
on SCED characteristics and design logic.

Purpose of the present paper

Methods and analysis strategies used in SCED research 
have rapidly evolved over the past 20 years and there is re-
newed interest in the methodology and creation of design, 
analysis, and reporting standards.8-12 Recent inclusion of 
SCED studies in meta-analyses defining evidence-based 
practice in education and related fields13 has been fertile 
ground for methodologists. This unique time point encour-
ages discussion of the design and reporting of SCEDs in 
rehabilitation and a need to situate their place in evidence 
creation, particularly in situations where RCTs are unten-
able.
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within their clinical practice or face difficulty recruiting 
sufficient participants for a concurrent MBD. For exam-
ple, a researcher examining the effectiveness of treadmill 
training on the steps taken and gait of girls with Rett syn-
drome, a rare neurogenetic condition, could implement the 
study across several months to align with the frequency 
with which patients with Rett syndrome attend clinics.

Multiple-probe designs (MPD) are best suited to de-
pendent variables with predictable data patterns, in situ-
ations where repeated measurement is demoralizing or 
frustrating for participants or increases risk of testing as a 
threat to internal validity (e.g., improvement via practice 
of a skill during baseline phase).16 Figure 3 transforms the 
MBD illustrated in Figure 2 into a MPD across partici-
pants. The researcher performs repeated continuous data 
collection only for the first participant (P1) and then for 
the remaining participants only collects data intermittently 
at predefined time points. First, data is collected for each 
of the remaining participants (Participant P2, P3) at the be-
ginning of baseline phase, again when participants above 

with alarms and increased level of completion of domestic 
tasks at home?” The dependent variable for this question 
is percentage of task completion, the independent vari-
able is the use of a digital planner with alarms. Although a 
common clinical concern of this design is removal of the 
intervention, this design aligns well with the use of accom-
modations and aids to determine if they add benefit to an 
existing intervention and provides a rigorous experimental 
design with single participants at a time.

Multiple-baseline designs (MBD) and multiple-probe designs

Figure 2 illustrates a hypothetical concurrent multiple-
baseline design across three adult participants with Par-
kinson’s disease. The research question for this example 
is, “Is there a functional relation between mobility train-
ing and improved level of mobility as evidenced by im-
proved scores on TUG?”. The independent variable in this 
hypothetical study is mobility training, and the dependent 
variable is mobility as measured via observation of par-
ticipant completion of Timed Up and Go (TUG) Test Time 
in seconds.15 Concurrent refers to baseline data collection 
beginning on the same day for each participant. In addi-
tion to introducing intervention to different participants 
in a time-lagged fashion, researchers can design phases 
across different settings and behaviors or skills if tiers are 
independent of one another. Non-concurrent MBD have 
participants start baseline at different points in time which 
could include start times with differences in days, weeks, 
months, or years.16 Opinions differ on the comparative 
experimental control provided by concurrent and non-
concurrent MBD;17, 18 however, growing researcher opin-
ion situates non-concurrent MBD as sufficient designs for 
examining whether a functional relation occurs in a study 
if effects are replicated across at least three cases at three 
different points in time.17 A researcher might choose a 
non-concurrent MBD if they infrequently see a condition 

Figure 1.—Hypothetical ABAB withdrawal design.

Figure 2.—Hypothetical concurrent multiple-baseline design.
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with acquired brain injury; or 2) participant frustration 
during baseline that could result in demoralization and at-
trition. Both non-concurrent MBD and MPD readily apply 
to clinical settings where scholarly agendas map onto cli-
ents and issues as they arise in everyday practice.

Alternating treatments design

These designs employ rapid alternation between two or 
more intervention conditions and examine differential im-
pact on the same dependent variable(s).19, 20 Figure 4 illus-
trates a hypothetical alternating treatments design (ATD) 
with two intervention conditions of virtual reality en-
hanced rowing machine exercise or traditional rowing ma-
chine exercise applied to a single adolescent with cerebral 
palsy. The dependent variable is strokes per minute. ATD 
requires an easily and rapidly reversed dependent vari-
able when intervention conditions change. Additionally, 
introducing the intervention condition should produce an 
immediate effect on the dependent variable. Participants 
must be able to discriminate between intervention con-
ditions, and condition order is randomized with no more 
than two of the same intervention condition implemented 
in order. Researchers can opt to include a baseline phase 
and/or a best treatment phase and a control condition can 
be incorporated in case of lack of differentiated participant 
responses between intervention conditions (e.g., random, 
rapid alternation between control condition, intervention 
condition A and intervention condition B). These designs 
offer a unique mechanism for including participants in the 
choice-making process regarding next intervention steps 
since they experience both intervention conditions and 
they and/or their caregivers can gauge an intervention’s 
relative effectiveness and acceptability. Visual analysis 
differs for ATD; magnitude and degree of separation be-the present tier are beginning intervention, and finally just 

prior to entering intervention. This design provides less in-
formation about potential threats to internal validity aris-
ing from multi-treatment effects (i.e., participant receives 
another intervention outside of the intervention study and 
their responses change during baseline) or maturation. 
MPD also require working knowledge of the median level 
of variability expected during baseline assessment since 
fewer data points are available to document the issue and 
demonstrate lack of threat to internal validity. Continuous 
data collection with a concurrent or non-concurrent MBD 
will better suit highly variable patterns of participant re-
sponding. A researcher might choose a MPD whenever 
they anticipate: 1) testing effects with repeated practice 
during baseline such as when examining the effectiveness 
of retrieval practice on the memory recall of participants 

Figure 3.—Hypothetical multiple-probe design.

Figure 4.—Hypothetical alternating treatments design.

20
18
16
14
12
10

8
6
4
2
0

20

18

16

14

12

10

8

6

4

2

0

20
18
16
14
12
10

8
6
4
2
0

Ti
m

ed
 u

p 
an

d 
go

 (T
U

G
) t

es
t t

im
e 

(s
)

Baseline Mobility intervention

P1

P2

P3

33 3523 312921 25 2719171597531 1311

Sessions

30

25

20

15

10

5

0

St
ro

ke
s 

pe
r 

m
in

ut
e

Traditional rowing

Virtual reality rowing

Days

10871 2 3 4 5 6 119 12



MACHALICEK 	SIN GLE CASE EXP DESIGN REHAB

1104	 European Journal of Physical and Rehabilitation Medicine	D ecember 2024 

findings or address a loss of experimental control by build-
ing in additional demonstrations of the basic intervention 
effect. More commonly used hybrid designs include MBD 
with embedded reversal/withdrawal design, MBD with 
embedded ATD within the intervention condition, and 
withdrawal/ reversal design with embedded alternating 
of two intervention conditions or degree of intervention 
implementation (i.e., ATD) within intervention phases.26 
For these specific combination designs, single and two-
level hierarchical linear modeling are suggested statistical 
analysis approaches to supplement visual analysis.27

Objective 2: strategies to maximize internal 
validity in single-case experimental design

The most common threats in SCEDs include testing ef-
fects (during baseline assessment), the Hawthorne effect, 
maturation, history effects, and multi-treatment effects. 
SCED intervention researchers and methodologists have 
developed strategies to decrease and mitigate threats to 
internal validity and to increase transparency with particu-
lar emphasis on increasing the internal validity of studies 
via reduction of Type 1 errors associated with confirma-
tion bias, and the use of protocol pre-registry to improve 
trustworthiness of the multitude of decisions a SCED re-
searcher makes before and during the study.

Pre-registration of protocol

The quality of information reported in rehabilitation stud-
ies has been an ongoing concern motivating recent adop-
tion of the Cochrane Rehabilitation RCTRACK project 
and GUIDE-Rehab projects.28 The EQUATOR (Enhanc-
ing the Quality and Transparency of Health Research) 
Network also includes an N-of-1 checklist29 (CONSORT 
Extension for N-of-1 Trials or CENT) for reporting quality 
and SCRIBE30 provides another option for rehabilitation 
researchers designing and reporting SCED studies. How-
ever, these types of checklists do little to address concerns 
about publication bias contributing to overwhelming posi-
tive outcomes published and questionable research prac-
tices like dropping cases with small effect size.31, 32 In ad-
dition, post hoc description of study procedures can lead to 
inaccurate or incomplete reporting, negatively impacting 
the trustworthiness of available research.

One potential solution is public third-party pre-regis-
tration of study methods inclusive of design and analysis. 
Pre-registration addresses publication bias occurring when 
only studies with positive outcomes are accepted, since 
meta-analyses can include unpublished, registered studies. 

tween conditions as well as level, trend, and variability 
within conditions are core discriminations.

Other single-case design choices

Less commonly employed basic designs include the 
changing criterion design,21 parallel treatments design,22 
and repeated acquisition design.23 Methodological innova-
tions exist to increase internal validity of these designs in-
cluding range bound criteria, increased number of replica-
tions, varying the length of data prior to phase change, and 
use of an embedded reversal design where the participant 
returns to prior levels.21-23

N-of-1 randomized control trials

N-of-1 RCTs developed from SCEDs have been primarily 
employed to evaluate pharmaceutical or surgical interven-
tions, to determine effectiveness of an intervention for an 
individual (non-experimental A-B design); or to compare 
two or more intervention conditions.24, 25 The basic N-of-
1 RCT consists of an AXYXY design (also referred to as 
an ABABA design or single-participant crossover trial) 
including a baseline or “run-in” phase followed by the in-
troduction of an intervention or placebo “X” followed by 
withdrawal of intervention or placebo “X” and implemen-
tation of a different intervention “Y” or placebo or no in-
tervention followed by subsequent withdrawal of interven-
tion, placebo or no intervention “Y” (also called a wash-
out phase in drug research) followed by reintroduction of 
X.24 X and Y conditions are implemented in a randomly 
assigned order. Readers will note similarity between the 
XYXY component of the N-of-1 RCT and the ABAB de-
sign described earlier (Figure 1). By design the ABAB de-
sign ends on an intervention phase; researchers employing 
N-of-1 RCTs can choose to end on a phase of “best treat-
ment.” Depending on the intervention and researcher re-
sources, these trials can be either single or double-blinded, 
but in behavioral, rehabilitation, or educational interven-
tions, these trials often lack blinding due to impossibility 
of arranging necessary blinding. Researchers should look 
at innovative ways to reduce performance and detection 
bias as suggested in the literature.1

Hybrid designs

Basic SCEDs can be combined flexibly into a hybrid de-
sign allowing researchers to answer additional research 
questions and address design limitations inherent in pri-
mary design. Researchers can a-priori plan a hybrid design 
or include a secondary design to investigate serendipitous 
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guided approach disallows statistical hypothesis testing 
using traditional parametric effect sizes and confidence 
intervals.9

In efforts to decrease bias introduced by response-guid-
ed approaches using visual analysis and increase statistical 
conclusion validity of SCEDs, Levin et al.9, 37-40 have de-
veloped various randomization strategies for SCEDs that 
increase a study’s internal validity and statistical conclu-
sion validities. These strategies are summarized in Table I. 
Levin and Kratochwill provide a comprehensive descrip-
tion of these randomization strategies and their contribu-
tions to internal and statistical conclusion validities within 
clinical trials in medicine.39 Open-source software to sup-
port planning and analysis of these designs is available 
in Microsoft Excel based ExPRT package40 and SCRT-R 
software.41

Some randomization strategies like intervention start 
point randomization are best suited to instances where 
researchers can predict potential participant responses, 
specifically the window around median variability in base-
line condition, and do not anticipate a problematic (i.e., 
therapeutic) trend during baseline. Importantly, response-
guided approaches to SCED often include various forms 
of randomization to boost internal validity but have less 
frequently capitalized on randomization strategies to cal-
culate parametric effect sizes. N-of-1 RCTs require ran-
domized selection of the intervention and blinding. How-
ever, researchers can incorporate the randomization strate-
gy used in N-of-1 RCTs within a SCED, allowing for other 
forms of randomization and replication within the same 
study across participants, settings, or behaviors within the 
same participant. For those concerned about blinding as-
sessors, participants and interventionists to rehabilitation 
interventions, researchers can build additional credibility 

Additionally, editorial teams and reviewers can verify that 
researchers conducted research in the way reported and 
pre-registration provides opportunities for researchers to 
obtain feedback from other researchers on their methods 
which might reduce redundancy in research efforts. Pre-
registration of SCED studies is a core upgrade in research 
design standards for single-case intervention research 
studies.8 Options for pre-registration of rehabilitation 
studies include any of the primary registries listed by the 
World Health Organization’s International Clinical Trials 
Registry Platform (ICTRP; 20198) and ClinicalTrials.gov. 
Single-case researchers have suggested that pre-registra-
tion of a SCED study should at minimum include: 1) basic 
descriptive information; 2) research questions; 3) partici-
pant characteristics; 4) thorough description of baseline 
condition characteristics and the independent variable/
intervention condition; 5) dependent variables (i.e., out-
come measurement including timing of measurement); 6) 
hypotheses as relevant; and 7) phase change decision rules 
or number of data points to be collected in each phase.33-35 
Researchers should also report the validity and reliability 
of measurements used where available.

Response guided approaches and randomization strate-
gies

Response-guided SCED allows researchers to obtain 
“steady state” behavior to demonstrate the presenting is-
sue and document threats to internal validity (or absence 
thereof).36 Researchers respond to observed variation in 
data patterns by obtaining more data points which has the 
effect of easing identification of a functional relation be-
tween the intervention and the dependent variables (and 
reduces Type 2 errors), but introduces bias (i.e., increased 
probability of Type 1 errors). In addition, using a response-

Table I.—��Procedural definition of randomization strategies and applicability to single-case experimental designs.
Strategy Definition Design applicability
Case randomization Random selection of the order in which cases enter intervention in a 

time-lagged, staggered manner
Multiple baseline designs; multiple probe 

designs
Within-case intervention-

order randomization
Random order of presentation of experimental phases for each case 

(e.g., random selection of participant encountering intervention 1 or 
intervention 2 first in multiple-phase crossover design)

AB or multiple-phase crossover designs; 
reversal/withdrawal design; alternating 
treatments designs

Between-case intervention 
randomization

Random selection of which cases encounter intervention condition, 
baseline condition or placebo control condition for each case with 
counterbalancing first condition across cases (e.g., one half of the 
participants in a multiple-baseline design are randomly assigned to 
receive intervention 1 and the other half are randomly assigned to 
receive intervention 2)

AB or multiple-phase crossover designs; 
reversal/withdrawal design; alternating 
treatments designs

Intervention start-point 
randomization

Random selection of when a case moves from one experimental phase 
to another (e.g., random selection of intervention phase start-point for 
each case)

All single-case designs
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a presumption these designs are used to informally assess 
participant response to an intervention and lack sufficient 
design elements such as randomization and blinding to 
counter threats to internal validity. However, SCEDs exist 
on a wide continuum and include rigorous designs capable 
of causal inference and reduced internal validity threats. 
When designed with rigor, implemented and analyzed with 
care, and transparently reported, SCEDs offer rehabilita-
tion researchers an efficient methodology for intervention 
development, to examine effectiveness or efficacy of in-
terventions, to identify effective interventions for popula-
tions with suboptimal outcomes, to incorporate participant 
choice of intervention to increase adherence and to build 
external validity through implementation and evaluation 
of interventions implemented in natural settings by natural 
change agents. A key point is that the unit of analysis of 
SCED studies is at the individual participant level which 
allows for the identification of variables that contribute to 
intervention response or non-response. These studies also 
allow for exploration of and documentation of the transi-
tion state (e.g. how long does it take to achieve interven-
tion effect and what does the trajectory look like?; Does 
transition state differ at different dosages?) of participants 
responding following the introduction of the intervention. 
Both advantages assist in building efficacious interven-
tions that use data to determine intervention components, 
their order of application if a packaged intervention and 
the duration of intervention.

Use of single-case experimental design to develop inter-
ventions

Often, researchers develop intervention packages based on 
clinical experiences and test these multicomponent inter-
ventions using a conventional group design study where 
the intervention package is compared to treatment as usual 
or placebo, which allows researchers to answer questions 
only about effectiveness of the packaged intervention 
when compared to the treatment as usual or placebo con-
ditions and not the relative contributions of individual in-
tervention components or treatment effects for individuals. 
Researchers can use SCED to dismantle and test the in-
dividual components (e.g., dropout analysis like A-XY-Y-
XY-Y).45 Building interventions using an add-in approach 
with SCED/N-of-1 can build the necessary and sufficient 
intervention components or dosage to obtain the desired 
outcome (e.g., add-in approach like A-X-XY-XYZ-XY-
XYZ).45 Similarly, researchers can test the effects of para-
metric dosing of rehabilitation interventions (e.g., incre-
mental increases in dose of intervention to determine opti-

into the design by incorporating multiple types of random-
ization, affording a higher confidence that any observed 
intervention effect is due to intervention.

Masked visual analysis

One useful strategy for decreasing Type 1 error inherent in 
the response-guided approach of SCEDs is masked visual 
analysis (MVA).42, 43 This approach allows single-case 
researchers flexibility to retain visual analysis as primary 
analysis of data patterns. By separating the intervention 
and analysis teams and blinding members of the analysis 
team to when the intervention began with each participant, 
MVA provides a unique approach for minimizing bias 
introduced by visual analysis. This approach allows for 
incorporation of randomization so statistical hypothesis 
tests can be used (and a P value derived). However, unlike 
randomization SCED, MVA allows researchers to incorpo-
rate randomization without sacrificing the logic of SCED, 
which often requires collecting more data in response to 
individual participant variation. Randomization allows for 
appropriate use of statistical hypothesis tests and is more 
highly powered to detect effects in this response-guided 
arrangement than a fixed phase length.43

The MVA approach provides a robust procedure guard-
ing against the bias introduced with visual analysis of line 
graph data and allows for blinding. Similar procedures to 
blind statistical analysis have been encouraged when con-
ducting RCTs to increase internal validity.1 Limitations in-
clude potentially increased length of study, and the method 
requires a minimum of four participants or alteration of the 
randomization strategy to include a random selection of 
“no transition.” If the researcher cannot assure predictable 
stability of data around the median data path during base-
line, and transition states as the intervention is introduced, 
it can pose some difficulty to the post-hoc guesses of the 
analysis team due to high levels of variation in participant 
data. Procedural details are provided in published SCEDs 
using MVA procedures.42

Objective 3: contribution of single-case 
experimental design to building 

evidence in rehabilitation

The Oxford Centre for Evidence-Based Medicine cur-
rently considers either N-of-1 randomized trials or sys-
tematic reviews of randomized trials as Level 1 evidence 
for both treatment benefits and treatment harms related 
research questions.44 We presume the level of evidence 
provided by SCED more broadly is often downgraded by 
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service delivery globally, expansion of research capacity, 
and creation of evidence through rigorous experimenta-
tion.46, 47 Single-case research studies offer an efficient 
way to examine the effects of culturally adapted interven-
tions within low- and middle-income countries and with 
racially, ethnically, and linguistically diverse participants, 
including those in rural and remote areas.48

Research synthesis single-case experimental design stud-
ies

Any rigorously designed SCED offers a promising trial of 
effectiveness, but further replication across researchers, 
participants and contexts is required to make valid deci-
sions about evidence for interventions and to guide the 
development of policies regarding use of interventions.49 
Historically, in psychology and education, researchers 
used the external validity minimum guidelines of three 
research teams, five studies, and 20 participants,50 and 
rehabilitation researchers recently suggested adoption of 
this approach.7 Other researchers have discarded this ap-
proach in preference for formal meta-analysis of SCEDs 
due to problems of adjusting for null effects.10 Research-
ers have suggested the meta-analysis of N-of-1 studies in 
situations with few RCTs to help understand variation in 
participant responses within RCTs.24, 25 Several examples 
exist in the meta-analysis of N-of-1 studies, including 
examining interventions addressing fibromyalgia,51 and 
reducing muscle stiffness for participants with non-dys-
tropic myotonia.52 Rehabilitation researchers will need to 
arrive at a consensus on how many study replications are 
necessary to count an intervention as an evidence-based 
approach or adopt meta-analysis guidelines for compari-
son of evidence of SCEDs and N-of-1 trials and RCTs in 
the same meta-analysis. The latter approach offers more 
flexibility in inclusion of well-designed SCEDs alongside 
conventional group design studies. Still, it requires the use 
of revised approaches adjusting for the small sample size 
of most SCED studies. Importantly, these determinations 
about what constitutes an evidence-based practice will 
likely vary depending on the condition and rehabilitation 
context as well as patient preference and cost-benefit ra-
tio.53

Researchers have used multiple models for analyzing 
such combined research design evidence into a single ef-
fect size estimate, for example, through calculation of a 
design comparable effect size that is an altered (for SCED) 
standardized mean difference statistic (D-CES),54 multi-
level modeling,55 and hierarchical linear modeling.56 Ap-
plications of meta-analytic strategies for comparing con-

mal dose of intervention regarding timing of intervention, 
duration and intensity of intervention sessions including 
number of learning trials within a single session, differ-
ent frequencies or intensities of physical movement, and 
different levels of planned participant engagement).2 Used 
in these ways, SCEDs can inform an iterative approach to 
intervention development.

Additionally, researchers can employ a SCED/N-of-1 
RCT to test preliminary effectiveness of the intervention 
or intervention components, thus building towards a fully 
powered RCT while working out measurement and pro-
tocol details. Krasny-Pacini suggested SCEDs on front or 
back end of RCTs as relevant options; the latter option al-
lows the researcher to intervene with non-responding par-
ticipants within the intervention group.3

Effectiveness trials

N-of-1 RCTs have been defined as effectiveness or com-
parative effectiveness trials.5 Individual variation in partic-
ipant presentation, progression of disability, and outcomes 
with intervention are present regardless of research meth-
odology, but SCED can build in responsive modification 
and identification of what works for individuals, including 
those individuals for whom intervention outcomes are sub-
optimal. This experimental approach uniquely maps onto 
clinical decision making in rehabilitation for individual 
participants, making SCEDs attractive for developing op-
timal dosing of intervention components. With advances 
in placebo trials, N-of-1 trials, and randomization designs, 
researchers implementing SCEDs are not sacrificing ex-
perimental control or internal validity and the statistical 
conclusion validity of randomization SCEDs (e.g., case 
and start point randomization) is equal to an RCT, albeit 
with fewer participants.

Building evidence across research teams and studies

Single-case designs allow for efficient (time and cost) 
development of effective interventions in translational 
and applied settings, which researchers can then deploy 
in multisite RCTs. Although SCED requires careful plan-
ning and intensive effort that can exceed efforts required to 
implement an underpowered RCT or observational study, 
the decreased recruitment and funding requirements can 
advance a scholarly agenda more quickly.

Much rehabilitation research has been conducted in 
high-income countries and focused primarily on white, ed-
ucated, industrialized, rich, and democratic societies. The 
World Health Organization’s Rehabilitation 2030 Initiative 
encourages development of comprehensive rehabilitation 
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ditions of selecting socially important outcomes, report-
ing social validity measures to ascertain participant per-
ceptions regarding the intervention goals, procedures, and 
outcomes, and the definition of a causal relation as active 
manipulation of the independent variable that produces 
clinically significant change in the outcome variable when 
assessed using visual analysis. To determine the percep-
tions of participants, interventionists and other interested 
parties regarding the goals, procedures and outcomes of 
the intervention, questionnaires, rating scales, and inter-
views are used in SCED studies.60 These measures have 
generally been administered once post-intervention, but 
best practices include administering in a pre-test post-test 
manner.61 SCED researchers who ask participants about 
the goodness of fit between the planned study and their 

ventional group designs to SCEDs are emergent with open 
source software available.55, 57 Researchers can plan meta-
analysis using a freely available methods guide for effect 
size estimation and synthesis of single-case designs.58

Objective 4: conduct and reporting of single-
case experimental design studies to improve 

utility for rehabilitation end-users

Single-case research designs have roots in applied behav-
ior analysis. Since its inception as a field, they have up-
held a standard of developing interventions and practices 
that address issues considered important by society and to 
ensure the social validity of interventions and practices.59 
Contemporary standards for SCEDs include these core tra-

Table II.—��Suggestions for conduct and reporting of single-case experimental design studies to improve utility for rehabilitation end-
users.

Challenge Suggestion(s) Example
I. Patients

Lengthy baseline assessment or random 
assignment increases attrition risk, 
participant frustration

Select designs aligned with clinical context 
and patient comfort

MBD study across 4 participants would require 
lengthy baseline for later tiers. Instead, select 
random start point MBD to communicate 
expected intervention start time, or consider 
another design (e.g., MPD)

Patients can struggle to make sense of peer-
reviewed publications detailing intervention 
study findings if they can even access these 
documents

Clinical corners in journals, presentations at 
patient friendly conferences, meta-analysis 
including SCED studies and subsequent 
creation and dissemination of patient-
friendly practice briefs summarizing and 
explaining findings through professional 
organizations, providers, and social media

Ease accessibility of correct interpretation of 
SCED studies and syntheses using simple 
language and visuals

Patients have reasonable expectations around 
not delaying intervention for purpose of 
baseline assessment or randomization to no 
treatment condition

Participants serve as their own control in 
SCED studies; use designs reducing delay 
to intervention or allow participants to know 
when they will enter intervention

If intervention conditions have reversible 
effects, can use ATD.

If we plan to stepwise increase or decrease 
a behavior, we can use changing criterion 
design; we can use range bound randomization 
designs

II. Clinician scientists
Speed of clinical work misaligned with 

timeline of research endeavors.
Consider designs mapping onto clinical 

practice
Non-concurrent MBD across participants as 

they are consented into the study
Data collection is time intensive Consider permanent product data produced 

during clinical sessions; designs with less 
data collection where relevant

Build treatment fidelity data collection into 
clinical procedures. Use of MPD or ATD

Rehabilitation by nature is multidisciplinary 
and comprehensive which makes it difficult 
to isolate independent variable

Develop conceptual logic model to identify 
all intervention components a priori and 
actively manipulate single independent 
variables at a time (can be a package) while 
holding steady all other core variables

Client with ABI might receive OT, PT, SLP, 
physician care. An intervention addressing PT 
would require minimally documenting other 
services and optimally holding constant other 
therapy session approach and dosage

Graduate and post-graduate training in SCED 
design and analysis for rehabilitation 
professionals are limited

Intensive post-graduate professional 
development trainings tied to professional 
organization conferences

The International Collaborative Network for 
N-of-1 Trials and Single-Case Designs https://
www.nof1sced.org

III. Policy makers
Need for transparent reporting of study 

conduct and findings using field agreed-
upon reporting guidelines

Peer-reviewed journals could require authors 
submitting SCED studies in rehabilitation to 
complete a reporting checklist

CONSORT N-of-1 Extension
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tion procedures to obtain optimal intervention outcomes. 
Rehabilitation researchers can use SCEDs to develop in-
terventions, implement effectiveness trials, build and test 
effective interventions for understudied populations who 
experience less than optimal clinical outcomes, build sci-
entific generality of evidence across research teams and 
contexts, and improve the external validity of studies by 
more often incorporating patient voice through social va-
lidity assessment.
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