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Commentary 

Recently health-sciences intervention researchers were 
introduced to a class of small-sample intervention-research 
designs that have been popularized in the educational and 
behavioral science literatures [1–3]. Such methods, known 
as single-case intervention designs (SCIDs) are part of the 
time-series research family that permit interventionists to 
conduct scientifically credible research based on only a few 
experimental “units” comprised of individual participants, 
small groups, or other aggregates (see, for example, [4]; SCIDs 
have their origins in experimental and applied behavioral 
analysis science [5] and are now adopted extensively in 
educational and social science research [6–8]). Although 
most SCID research applications are with small numbers of 
participants, moderately sized sample studies are possible, as 
this class of designs is not defined strictly by its sample size. 

The major characteristic of this methodology is the 
repeated assessment of client or patient outcomes, typically 
with intervention replication in the design but also, as is 
highlighted throughout this Commentary, with the design-

enhancing option of incorporating various randomization 
schemes. With SCIDs, data (outcome measures) are typically 
collected in multiple sessions in each “phase” of the design 
and are spread over days, weeks, or months. These designs and 
corresponding analyses can be implemented as stand-alone 
preliminary/pilot and replication studies or as an embedded 
companion to large-sample randomized controlled trials 
studies (RCTs). Quantitative analysis methods associated with 
such studies afford researchers statistical significance testing 
with p-values and confidence intervals, effect-size estimators, 
and meta-analysis procedures [9]. Single-case designs and 
analyses also enable researchers to examine such issues as 
whether their intervention-produced effects over time are 
temporary or permanent, immediate or delayed, abrupt or 
gradual, reversible or irreversible, and linear or curvilinear, as 
well as to accommodate additional variables and statistical 
analyses that address other research questions. 

In our earlier Commentary, we introduced SCIDs, explained 
their logic, and discussed the advantages, cautions, and data-
analysis options associated with SCIDs relative to other small-
sample intervention designs that are more familiar to health-
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sciences researchers. As was also indicated in the Commentary, 
SCIDs differ both conceptually and methodologically from 
early N-of-1 studies that commonly appear in the medical 
research literature (e.g., [10,11]). Most of the N-of-1 studies 
were of the “multiple crossover trials” variety that involved 
some form of randomization (e.g., a randomized crossover 
between treatment and control conditions). More recently, 
an expanded range of “N-of-1” designs has been suggested 
beyond these earlier studies [12]. Nevertheless, few of what 
we call SCIDs can be found in the medical research literature, 
and studies that have adopted the randomization schemes 
discussed in this Commentary are limited. 

SCIDs include a variety of rigorous, systematic design 
structures with a priori decision application criteria and 
built-in replication features both within and across the 
experimental units. Replication in the design structure 
elevates the study’s causal inference status. When coupled 
with various randomization schemes (four of which will be 
presented here), SCIDs constitute experimental intervention 
studies with high levels of both “internal and external validity” 
[13]. Intervention studies with high internal validity permit 
researchers to rule out potential factors that are confounded 
with the intervention per se, thereby strengthening causal 
inferences about the connection between the intervention 
and the experimental outcome(s). Intervention studies with 
high external validity are those associated with various 
forms of participant sampling and results replication that 
allow researchers to generalize their study’s findings to other 
participant populations and situational contexts (e.g., [6]). 
Although committed researchers may strive to attain high 
marks in satisfying both validity types, more often the two are 
in a yin-and-yang struggle with one another [14]. 

Single-Case Intervention Designs 

There are several different SCID types, including, among 
others, ABAB (reversal or withdrawal) designs, alternating 
intervention designs, changing criterion designs, and 
multiple-baseline designs [4,5]. It is beyond the scope of this 
Commentary to discuss the nuances of each design type, but 
we do provide example applications of each design based on 
the type of randomization that can be applied. The pictorial 
inclusion of a much-implemented SCID, the multiple-baseline 
design, presented here in Figure 1, provides a more concrete 
and readily grasped representation of that design and its 
sought-after experimental outcomes. 

As a single-case intervention design option, the multiple-
baseline design possesses methodologically strong 
characteristics. The design has three variations consisting of 
the manner in which the intervention is implemented and 
replicated: across participants (e.g., a drug trial across patients), 
across settings (e.g., hospital, clinic, home), or across behaviors 

(e.g., multiple phobias). We note that the replication “across 
participants” variation (with at least four patients preferred) 
is the strongest of the three design variations. A pictorial 
representation of a hypothetical multiple-baseline design 
across participants is displayed in Figure 1, a graph presented 
previously by [1]. There it may be seen that the design includes 
four cases, or units, depicted in four levels, or tiers, with a built-
in “stagger” between adjacent units. In a time-series fashion, 
measurements or outcomes are obtained for each participant 
at multiple time periods throughout the study (29 time 
periods for Participants 1–3 and 32 for Participant 4 in this 
example). The vertical dashes in each participant’s outcome 
series represent the point at which the intervention has been 
introduced, thereby transitioning the participant’s time series 
from an A (baseline or control) phase to a B (intervention or 
experimental) phase. Given that a reasonably stable pattern of 
baseline responding (i.e., a flat series with low variability) has 
been established for each unit, if the intervention is effective, 
then the pattern of a unit’s series should change (with respect 
to mean level, slope, and/or variability) coincident with or 
shortly following the introduction of the intervention. The 
specific logic of the multiple-baseline design is that the 
change should occur sequentially in a downward “stairstep 
fashion” at the point of intervention only for the intervened 
participant and not for any other participant, thereby ruling 
out other potentially contaminating, contributing factors to 
the change. 

In Figure 1 it may be seen through an informal “visual 
analysis" [15] that such a baseline pattern with a sequential, 
intervention-point change does occur in each participant’s 
outcomes (specifically an anticipated increase in each 
participant’s mean level), thereby providing replicated 
evidence for the success of the intervention. Degrees of 
success are measured by the magnitude of the change and 
its consistency across the study’s N units. With concurrent 
multiple-baseline designs, the replication component is 
based on generalizing across units that are treated and 
tested at the same chronological time periods, whereas with 
nonconcurrent designs the generalization is based on treating 
and testing units at different time periods. Although the latter 
design is viewed less favorably than the former by most SCID 
researchers, it has been argued [16,17]) that the latter is useful 
for ruling out external validity confounding factors such as 
history and maturation [13,18]. 

Four Design Randomization Schemes and Actual 
SCID Research Examples 

As was recently discussed elsewhere [16], one or more of four 
different design randomization schemes can be incorporated 
into various SCIDs to enhance their scientific credibility. These 
four schemes will now be summarized, along with examples 
of published studies in which they have been implemented. 



Levin JR, Kratochwill TR. Single-Case Intervention Designs in Health-Sciences Research: How Do We Randomize 
These? Let Us Count the Ways. Arch Pharmacol Ther. 2026;8(1):53–60.

Arch Pharmacol Ther. 2026
Volume 8, Issue 1 55

Figure 1. Graphical representation of the outcomes from a hypothetical four-participant multiple-baseline design (From [39]). Given 
that each participant’s staggered outcome increase is coincident with the transition from the baseline (control) series to the intervention 
(experimental) series, the scientific credibility of the study’s findings (that is, the plausibility of a causal relationship between the intervention 
and the experimental outcomes) is strengthened. 
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Because of the paucity of randomized SCIDs that have 
appeared in the health-sciences research literature, all but one 
of the research examples are taken from published studies 
in the educational and behavioral sciences domains, but 
which have direct implications and applications in the health-
sciences domain as well. (For a literature review documenting 
the burgeoning adoption of SCIDs in the instructional, 
behavioral, and general and special education fields [19,20]).

Extensions of the implications of SCID applications in 
the educational and behavioral sciences domains to the 
pharmacological science domain are straightforward: 
Researchers conducting, say, small-sample drug efficacy 
intervention studies could administer multiple cycles of 
treatment followed by assessment (e.g., blood-test measures, 
patient symptoms, questionnaire well-being self-reports) 
in which the four current randomization schemes can be 
adopted, including the “blinding” of patients in drug vs. 
placebo and comparative drug treatment studies. For drug 
safety studies, multiple cycles of outcome measures could 
include patient physiological reactions, illnesses, or mortality. 

The three single-case intervention designs (of many possible) 
on which we focus are the randomized multiple-baseline 
design, the randomized two independent samples design, 
and the randomized phase-ordered crossover intervention 
design. In each of these examples, statistical randomization 
tests that match the study’s design structure [21,22] were 
selected for data analysis, although any number of alternative 
single-case statistical procedures could have been adopted as 
well [23–25]. 

Multiple-baseline designs

Despite high marks for its scientific integrity and appeal, 
the traditional multiple-baseline design described earlier can 
be substantially improved by the addition of two different 
randomization schemes to it, each of which will be discussed 
in turn. With one type of design randomization, referred to as 
within-intervention case randomization, units are randomly 
assigned to the N tiers of the design, thereby eliminating 
the researcher’s intended or unintended biases in assigning 
participants to tiers based on perceived “intervention need” or 
“outcome favorability” criteria. 

Educational intervention example 1

In a study by Rodgers et al. [26], 10 first- to third-grade 
below-average readers were randomly assigned to the tiers of 
a multiple-baseline design [27] to examine the effectiveness 
of an enhanced reading-program intervention. In the study, 
all students transitioned from a standard reading program (A 
phase) consisting of between 7 and 25 outcome measurements 
across the 10 tiers to an enhanced reading program (B phase) 
consisting of between 11 and 29 outcome observations, with 

a 2-observation stagger between adjacent multiple-baseline 
tiers. A visual analysis indicated that the enhanced reading-
program intervention increased the children’s performance, 
from modestly to substantially, for 9 of the 10 children on the 
primary reading measure of interest, along with a statistically 
significant randomization-test outcome across the 10 children 
(p =0.03) and an effect moderate in magnitude. 

Comment: The staggered design controls for temporal 
simultaneity effects. The within-intervention case 
randomization controls for researcher bias effects, and 
the associated statistical analysis takes into account that 
randomization. 

Conclusion: There is scientifically credible evidence for 
a positive effect of the enhanced reading intervention 
program on third-grade below-average readers’ reading 
performance. (In a pharmacology research context, one need 
only substitute “placebo” for “standard reading program” and 
“drug” for “enhanced reading program” in the A and B phases, 
respectively, along with a series of blood-test results for each 
patient.) 

With a second design randomization scheme, referred to as 
intervention start-point randomization, experimenter bias 
is again eliminated with respect to the researcher deciding 
when it would be a “good time” for the intervention phase to 
commence. Rather, a predetermined interval of “acceptable” 
intervention start points is decided upon by the researcher 
or research team and a specific intervention start point is 
randomly selected (with or without replacement) for each unit 
from within that interval. 

Two behavioral intervention examples

In the context of two actual behavioral intervention research 
studies, we now describe two different methods for randomly 
selecting an intervention start-point for each unit from an 
established intervention start-point interval. 

Behavioral intervention example 1

Bice-Urbach et al. [28] sought to determine whether the 
addition of telecommunication could provide support to 
expert consultants’ delivery of evidence-based behavioral 
interventions to 6 behavior-disordered kindergarten through 
5th grade students in a teacher-student dyad format. Within 
a 17–32 outcome observation multiple-baseline design 
across dyads, each dyad was assigned an intervention start 
time randomly selected from two potential adjacent start 
times, starting with Session 8 or 9 for the dyad in Tier 1 and 
ending with Session 23 or 24 for the dyad in Tier 6. This “dual 
intervention start-point” approach [29] resulted in a 2- and 
4-observation stagger between adjacent dyads and is known 
to be statistically more powerful than a multiple-baseline 
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design with only a single intervention start point, as in the [26] 
study – see [30,31]. For the primary outcome measure, a visual 
analysis revealed that there was a sizable decrease in the level 
of “disruptive” behavior for all six of the participating students, 
which was substantiated across students by a randomization 
test (p <0.001). 

Comment: The staggered design controls for temporal 
simultaneity effects. The within-intervention case 
randomization controls for researcher bias effects. The dual 
intervention start-point randomization also controls for 
researcher bias effects and serves to increase the power of the 
associated statistical randomization test. That statistical test 
takes into account both randomization schemes. 

Conclusion: There is scientifically credible evidence for 
a positive effect of the telecommunication intervention 
on students’ “disruptive” behavior. (As in the preceding 
section, in a pharmacology research context one need only 
substitute “placebo” for “no telecommunication” and “drug” 
for “telecommunication” in the A and B phases, respectively, 
along with a series of blood-test results for each patient.)

Behavioral intervention example 2

Lively et al. [32] recruited 3 male students from a juvenile 
justice facility to study to see whether a self-monitoring 
worksheet could improve the students’ on-task behavior. 
Through [33]’s “restricted” sampling-without-replacement 
adaptation of [34]’s procedure, a multiple-baseline design with 
27 outcome observations per student was “constructed” by 
randomly sampling three nonoverlapping intervention start 
times from within a 15-session interval. This procedure resulted 
in intervention start times – following at least 5 required non-
self-monitoring (baseline) sessions and at least 5 required self-
monitoring (intervention) sessions – for Sessions 6, 11, and 17 
in the three tiers, with the three students randomly assigned 
to tiers. A visual analysis of the outcome data indicated that 
all three students exhibited a dramatic improvement in 
their on-task behavior following the administration of the 
self-monitoring worksheet, with virtually no overlap in each 
student’s baseline and intervention series. The results of a 
randomization test applied to the A- to B-phase change in on-
task behavior across students produced a p-value of 0.002. 

Comment: The staggered design controls for temporal 
simultaneity effects. The within-intervention case 
randomization controls for researcher bias effects. The 
intervention start-point randomization also controls for 
researcher bias effects and serves to increase the power of the 
associated statistical randomization test. That statistical test 
takes into account both randomization schemes. 

Conclusion: There is scientifically credible evidence for a 
dramatic positive effect of the self-monitoring worksheet 

intervention on troubled male students’ on-task behavior. (As 
in the preceding section, in a pharmacology research context 
one need only substitute “placebo” for “no self-monitoring 
worksheet” and “drug” for “self-monitoring worksheet” in the 
A and B phases, respectively, along with a series of blood-test 
results for each patient.)

Two independent samples designs

As with conventional two independent samples experimental 
or RCT designs (e.g., drug vs. placebo conditions), in the 
present context a third type of design randomization, 
between-intervention case randomization, consists of 
units being randomly assigned to two (or more) different 
experimental conditions. The random assignment process is 
required to turn an observational or quasi-experimental study 
into a scientifically credible or true experimental study [13]. 

Educational intervention research example 2

Hwang et al. [35] implemented a multi-component mnemonic 
(memory-enhancing) strategy to improve children’s learning 
of the centuries and decades in which various inventions were 
introduced to the public. The mnemonic strategy had proven to 
be effective in large-scale two-sample experimental research 
and the authors wished to determine whether the essential 
findings of that research could be replicated in a comparable 
single-case two-sample experiment. The participating 
children were 8 underperforming students from low 
socioeconomic backgrounds, with 4 students each randomly 
assigned to either a Century condition (with mnemonic line 
drawings that connected the inventions to their centuries) or 
a Century + Decade mnemonic condition (with mnemonic 
line drawings that connected the inventions to their centuries 
and their decades). In 7 experimental sessions wherein the 
dates of 8 different inventions were presented, students 
were also randomly assigned an intervention start point 
beginning in either Session 4 or Session 5. Through a two-
sample randomization test of students’ immediate memory 
for the dates it was found that, from the baseline phase (where 
nonmnemonic line drawings of the inventions and their dates 
were presented) to the intervention phase, as was anticipated: 
(i) across the two experimental conditions, students greatly 
improved their learning of the inventions’ centuries (p =0.008), 
with no between-phase overlap for 7 of the 8 students; and 
(ii) there was no statistical difference in century memory for 
students in the two conditions (p >0.50). However, for decade 
memory, although there was a statistical increase across 
all students p =0.01, which could be attributed to the clear 
superiority of Century + Decade students (no between-phase 
overlap for all 4 students) over Century students (complete 
between-phase overlap for all 4 students), p <0.001. 

Comment: A two independent samples SCID design 
with random assignment of the students to the two 
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experimental conditions represents between-intervention 
case randomization, thereby controlling for pre-experimental 
conditions differences in participant composition, as in 
conventional RCT studies. The intervention start-point 
randomization controls for researcher bias effects and 
serves to increase the power of the associated statistical 
randomization test. That statistical test takes into account 
both randomization schemes. 

Conclusion: There is scientifically credible evidence of a 
highly positive effect on memory for the decades of historical 
inventions by low SES underperforming children in the 
mnemonic Century + Decade condition relative to the memory 
children in the nonmnemonic Century condition. These 
results serve as a replication of results previously obtained 
in the conventional large-sample intervention research 
literature [36]. (Similar to what has been stated previously, in 
a pharmacology research context one need only substitute 
“no drug” or “placebo” for “nonmnemonic line drawings” in 
the A baseline phase and “Drug 1” and “Drug 2” for “mnemonic 
Century line drawings” and “mnemonic Century + Decade line 
drawings” for the B intervention phase, respectively, coupled 
with a series of blood-test results for each patient.)

Phase-ordered designs

For the most common SCIDs that encompass the fourth type 
of design randomization, namely, phase-order randomization, 
the experimental phases are randomly ordered in some 
fashion [37,38]. Such SCIDs include: (i) ABAB (reversal or 
withdrawal) designs for effects that are “reversible”; that 
is, the effect is expected not to be present or to disappear 
during the A (baseline or placebo) phases and to be present 
or to reappear during the B (intervention or active ingredient) 
phases; (ii) alternating treatment designs based on two 
different interventions, B and C, where different intervention 
effects are assumed to go back and forth repeatedly between 
the B (e.g., Drug 1) and C (e.g., Drug 2) phases and where 
the two interventions typically are systematically alternated 
(rather than randomly ordered); and (iii) single-case two-
phase crossover designs where, as with their conventional 
large-sample counterparts, the order in which the B and 
C intervention phases are presented to each unit can be 
randomly determined. An actual published randomized-
phase crossover-design study follows. For information about 
how an ABAB design or an alternating AB design can plausibly 
and acceptably commence with a B (intervention) phase, see 
[39].

In a pharmacological research context, an example of an 
ABAB design application for assessing the efficacy of a drug is 
this: In the initial A (no drug) phase, repeated measurements 
over several weeks of, say, the patient’s cholesterol blood-test 
level results are taken. In the initial B (cholesterol-lowering 
drug) phase, repeated measurements of the patient’s blood-

test results continue to be taken, with the expectation that if 
the drug is effective, a graph of the patient’s cholesterol level 
results will reverse and exhibit a decrease. In the second A (no 
drug) phase, the drug is “withdrawn” for several weeks to see 
whether a graph of the blood-test results documents another 
reversal and instead would exhibit an increase in the patient’s 
cholesterol level. Finally, in the second B (cholesterol-lowering 
drug) phase, the patient resumes taking the drug for several 
weeks, along with the blood tests. If the drug is effective, 
a graph of the blood-test results should again reverse and 
exhibit a cholesterol-level decrease. A design with outcomes 
such as these would provide convincing evidence that the 
drug was effective in reducing the patient’s cholesterol level. 

Health-sciences intervention research example

de Jong et al. [40] conducted a single-case crossover design 
study with patients experiencing pain from post-traumatic 
neck injuries. They compared two intervention protocols for 
reducing pain and stress in a sample of 8 individuals who 
experienced neck pain caused by whiplash more than 12 
weeks after a motor vehicle accident. One intervention was 
the standard “operant graded activity program” (GA) and the 
other was “graded exposure in vivo” (GEXP), a program “that 
has catastrophic interpretations and associated pain-related 
fear as its primary target”. Following a two-week baseline 
period (Phase A in SCID terms), the patients were randomly 
assigned to one of two intervention orders (phase-order 
randomization), consisting of 20 one-hour sessions of GA 
(B) over a 10-week period followed by 12 one-hour sessions 
of GEXP (C) over a 6-week period (i.e., BC), or the reverse 
order (CB). A variety of repeated short- and long-term pain 
and stress measures were taken throughout the duration of 
the study. Specialized permutation and randomization tests 
were conducted to compare the GA and GEXP programs on 
each of the individual patients’ outcome measures through 
[41)]’s SCRT software. The resulting individual p-values were 
then aggregated to produce an overall across-patients 
p-value for each measure [21], although no specific p-values 
were reported. The findings overwhelmingly supported the 
GEXP program over the GA program for reducing patients’ 
post-traumatic neck pain and associated fears. However, 
as [40] caution: “Because the experimental design did not 
include washout periods between the different treatment 
components, it is likely that carry-over effects occurred. 
Indeed, when GA followed GEXP, the improvements remained 
stable…” 

Comment: As in conventional large-sample crossover-design 
research, randomizing the two intervention orders rules out 
testing, adaptation, “maturation”, fatigue, etc. as “plausible 
rival hypotheses” [13] for the superiority of one intervention 
program over the other – but see the authors’ “carry-over 
effects” caution. Statistical analyses were conducted that took 
into account the single-case, time-series nature of the study. 



Levin JR, Kratochwill TR. Single-Case Intervention Designs in Health-Sciences Research: How Do We Randomize 
These? Let Us Count the Ways. Arch Pharmacol Ther. 2026;8(1):53–60.

Arch Pharmacol Ther. 2026
Volume 8, Issue 1 59

Conclusion: There is scientifically credible evidence of an 
overwhelmingly positive effect on post-traumatic neck pain-
and-fear reduction by patients in the “graded exposure in vivo” 
program relative to patients in the standard “operant graded 
activity program”. (Similar to what has been discussed before, 
in a pharmacology research context one need only insert Drug 
1 and Drug 2 for the two crossover-design interventions, along 
with a series of blood-test results and washout sessions for 
each patient.) Also see [42] for an instructional strategy study 
conducted in a crossover design format that incorporates 
crossover-point randomization (intervention start-point 
randomization) for each participant, along with composite 
randomization tests that assess the differential effects of the 
B and C interventions. 

Closing Comments

In sum, single-case intervention designs and analyses can 
provide health-sciences researchers with a vast array of 
powerful, versatile new tools for use either in their small-
sample preliminary/pilot studies and replication attempts or as 
companion studies embedded in large-sample investigations. 
It is hoped that intervention researchers in the health 
sciences will follow the lead of intervention researchers in 
the educational and social sciences – and more recently, the 
recommendations of [12] – with respect to conducting studies 
based on small samples with SCID methodology. By embracing 
and adopting the high-quality features that randomized SCIDs 
have to offer, health-sciences researchers will likely elevate the 
scientific credibility of their intervention research endeavors. 
Such approaches will also both extend the scientific literature 
to complement large-sample RCT studies and promote 
evidence-based practice in the health sciences.
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