
Chapter 2
The Application of the Single Subject Design

The single subject design is a family of designs that share fundamental concepts
and methodologies. The basic components of a single subject design are similar to
other research designs, which include the measurement of a variable of interest or
outcome variable, and the effect of an intervention on this variable. In general, the
researcher expects the intervention or treatment (i.e., the independent variable) to
have an impact on the outcome (i.e., the dependent variable). Research conducted
in the area of psychology and social sciences commonly refers to the dependent vari-
able as the target behavior [1–3]. In contrast, researchers in the biomedical sciences
commonly refer to the dependent variable as the outcome, or more specifically, the
clinical impact as measured by laboratory values, intensity, number, or duration of
a symptom, and so forth. The term “target behavior” can be limiting when applied
to biomedical research, as biomedicine involves numerous types of outcomes, in
which behavior is of one possibility. Thus, the terms “outcome” or “outcome of
interest” will be used, as these are more accurate descriptors for dependent vari-
ables in biomedicine.

Choice and Measurement of Outcomes

The choice of the outcome must be driven by the study goals, and well-controlled
measurements of the outcome are repeatedly conducted throughout the design. The
outcome variable should include a descriptive name, a general definition, an elab-
oration of the outcome facets, and basic examples [1, 4]. In essence, the outcome
variable should be operationally defined (i.e., observable, measurable and verifi-
able). Depending upon the study design and the research questions, outcomes within
biomedicine might include systolic blood pressure readings, HbA1c levels, Beck
Depression Inventory scores, and lymphocyte counts, among others. As previously
mentioned, the operationally defined outcome is expected to change over the course
of the study. The measurement of the outcomes can be obtained through methods
such as observation, self-report, clinical assessment, and physiological measure-
ment. When considering the methods of gathering data, the temporal frequency of
recording the outcome is also of importance.
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Quantitative assessment of the outcome variable is critical. Examples of assess-
ment include measures of frequency, interval, duration, and intensity. Frequency
recording of a particular outcome occurs within a specified time-frame. Within each
predetermined time-frame, the number of times an outcome occurs is measured.
An example could include the number of times that self-monitored blood glucose
values exceed 180. Also, interval measurement entails dividing blocks of time into
smaller intervals, and then measuring the outcome during each interval. Duration
recording is another assessment strategy that simply measures the length of time an
outcome occurs, and finally intensity measurement involves the relative magnitude
of an outcome [5]. In biomedicine, examples of outcome variables might include
blood pressure readings of systolic and diastolic blood pressure taken through a
physician via a standardized protocol, self-reported blood glucose levels taken at
home via glucometer use, and electroencephalogram activity (EEG) evaluated by a
radiologist. The measurement of these outcomes could be recorded at various inter-
vals throughout a specified period of time, such as every day or once a week. Con-
tinuous assessment of an outcome is frequently used in single subject designs, since
the overarching purpose is to analyze the effects of an intervention or treatment
over time [2]. This approach allows for examination of outcome patterns between
the time a treatment is implemented, withheld, or removed. As with any research
design, measurements repeatedly gathered over time must be conducted under stan-
dardized protocols. Examples include procedures for collecting the data, description
of the measurement tools, the research or environmental setting, and other salient
features that may affect the outcome of the study. It is also important to recognize
the limitations of the measurement devices that are employed. For instance, reac-
tivity could occur with self-monitoring and observation of behavior [6]. In terms of
biomedicine, examples could include diabetic patients altering their usual diets or
those with hypertension increasing their level of exercise. Participant reactivity will
likely vary depending on the level of social desirability of the measured outcome.
Accurate measurement is crucial for a sound design; thus, potential issues must be
carefully evaluated prior to the study.

Finally, in between-group studies, it is sufficient to have two observations occur-
ring during pre- and post-interventions, as multiple patients are included in the
analyses. In contrast, it is common practice to gather numerous or repeated mea-
surements for each patient in a single subject design. Repeated measures over time
permit the researcher to analyze patterns and stability of the dependent variable
during the various phases of the design. This allows the researcher to generate infer-
ences regarding sources of variability on the outcome over time, particularly when
alternating experimental designs.

Choice and Application of Interventions

Another important issue for consideration in single subject designs is intervention
selection. The choice of the intervention must be based on the goal or purpose of
the research. Interventions should be implemented in a standardized manner, so as
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to reduce the chance for outcome variability due to methodological effects (See
Chapter 4 for more detail on this topic). Also, procedures used for measuring the
outcome during the baseline phase should be identical to procedures employed dur-
ing the intervention [5]. In terms of intervention implementation, the cardinal rule
is to change one variable at a time when proceeding to subsequent phases, so that
the effects of each intervention can be evaluated independently [1]. It is difficult to
obtain accurate conclusions if more than one variable is altered, since intervention
effects cannot be parsed apart from the outcome variable. Frequently a criterion for
successful treatment is identified a priori to determine the effectiveness of the inter-
vention. If progress is not achieved during the intervention phase, then the treatment
may be altered, or an entirely new treatment may be implemented [7] ; hence there is
flexibility in intervention selection of single subject designs. Examples of interven-
tions may include pharmaceutical therapy for hypertension (e.g., ACE inhibitor) or
insulin therapy for blood glucose control (e.g., dosage of insulin). A surgical proce-
dure (e.g., prosectomy) could also serve as an intervention for patients with prostate
cancer.

Nomenclature of Single Subject Designs

Single subject designs are denoted through the tabulation and identification of
phases of research activity, where these phases of research activity include base-
line measurement of an outcome (A), treatment or intervention (B), removal
of a previous treatment or intervention (C), and so forth. Capital letters
have traditionally been used to indicate specific phases of the conduct of the
research.

Most frequently designated as the A-phase, or baseline phase, of a single subject
study, the A denotes a measurement of the outcome in the absence of an inter-
vention. Frequently these measurements are recorded prior to the introduction of
the intervention, as this allows for the natural occurrence of the outcome or target
dependent variable [1, 2]. This view has been referred to as the natural course or the
natural history. Baseline data serve as a standard of current performance that can be
compared to future changes in the outcome [1, 7]. More specifically, the baseline
projections are criteria for the evaluation of interventions, which are a crucial aspect
of single subject research. Although there is no special formula for determining the
length of time for measurement, it is suggested the baseline be continued until it
has stabilized [1]. A baseline is considered stable when there is little variability in
subsequent measurements, including no trends or slopes. Although the number of
measures can vary considerably, the typical number of measurements for the A-
phase of a design has been 5–7 [8]. Figure 2.1 illustrates a hypothetical example
of baseline data. Without the introduction of an intervention, blood glucose levels
are plotted to reflect natural baseline levels of blood glucose, along with predicting
future levels of the outcome. Specifically, future levels are denoted by the dashed
lines, or the mean level of the plotted data points.
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Fig. 2.1 Hypothetical baseline data of systolic blood pressure levels. Baseline data points (solid
lines) are used to predict future systolic blood pressure levels (dashed lines)

Often referred to as the intervention or B-phase, the outcome is measured in
order to determine the efficacy or effectiveness of the intervention. Data trends are
examined between the A- and B-phases, particularly whether the outcome systemat-
ically increases or decreases over time [2]. If trends are similar between the baseline
and intervention phases, then the utility of the intervention is questionable. How-
ever, excessive variability possibly due to unreliable or inaccurate measurements
can interfere in analyzing and interpreting the data, consequently leading to mud-
dled conclusions. If a patient is measuring at-home readings of blood glucose values
with different meters, there is a possibility of negative impact on the outcome due to
the conflicting measures of each meter. Additional treatments are denoted by sub-
sequent letters, such as “B,” “C,” “D,” and so forth. For example, a B-A-C design
represents the implementation of an intervention “B,” followed by withdrawal of
intervention “A,” and then the introduction of a new intervention “C.”

The Family of Single Subject Designs: The Basic A-B Design

The A-B design forms the basis of the family of single subject designs [9]. Despite
their simplicity, essentially all single subject designs are methodological variations
of the A-B design. The single subject design has been considered an advanced form
of a pretest-posttest design, as there are typically more frequent measurements of
the outcome [2]. Following identification of the outcome, baseline data are gathered
(A) and an intervention is implemented (B). The natural occurrence of the outcome
is reflected in the A-phase, whereas outcome changes in the B- phase are attributed
to the intervention [1]. In biomedicine, the features of an A-B design could include
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adding nutritional agents to pharmaceuticals, including a chromium supplement as
an additional control of blood glucose levels for an individual with diabetes. Data
could be gathered on the outcome, such as blood glucose levels, prior to and follow-
ing the introduction of the supplement. As an additional illustration, the effects of
vitamin and mineral supplements, such as vitamin E, could be examined as a joint
treatment to pharmaceuticals for an individual with high cholesterol.

Figure 2.2 displays an example of an A-B design from a study of a patient being
treated by a family physician through care at a Federally-Qualified Health Center
(FQHC). A pharmaceutical treatment was administered with the intention of low-
ering systolic blood pressure readings. Notice that baseline (A) stability was estab-
lished following four measurements of systolic blood pressure. In the intervention
phase (B), seven measurements of systolic blood pressure were gathered. Systolic
blood pressure gradually decreased over time in the treatment condition. Thus, the
treatment is assumed to have been responsible for the outcome changes.

The A-B design has the weakest internal validity of all the single subject design
options. Multiple factors could potentially contribute to outcome changes during
the intervention. Changes may occur due to practice effects, maturation, or ran-
dom effects, for example [7] (See Chapter 3 for more details). Although the A-B
design has many limitations, it has been shown to have some utility in settings
where control-group analyses or repeated treatment withdrawals are not possible
[1, 9, 10]. Nonetheless, extending the A-B design through incorporating additional
elements is a better strategy for establishing evidence for a causal relationship
between the intervention and observed outcomes.

There are several strengths and weaknesses of the A-B design. First, this design
permits the researcher to analyze and compare an outcome variable before and

Fig. 2.2 Illustration of an A-B design targeting systolic blood pressure
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during intervention, which affords greater reliability than an intervention-only
design. The A-B design is simple and commonly used in clinical settings. How-
ever, a disadvantage of the design is that it cannot control many of the threats to
internal validity, like maturation, history effects, testing effects, and instrumentation
[11] (See Chapter 3 for more information). For example, a maturation effect may
be responsible for outcome changes over time, rather than the intervention alone;
that is, natural developmental changes in the life of the participant may have coin-
cided with the treatment. The A-B design has utility in measuring the magnitude of
outcome changes, despite being unable to solely attribute outcome variations to the
intervention effects.

The A-B-A Design

The A-B-A design is more favorable than the A-B design because it adds potential
control effects with a cessation of the intervention, or an intervention withdrawal.
The intervention withdrawal occurs during one or more phases, in order to demon-
strate that changes in the outcome only occur during the intervention [1, 2]. Inter-
vention withdrawal increases the degree of certainty that changes in the outcome are
attributed to the intervention; however, it should be noted that the influence of extra-
neous variables may never be entirely eliminated. In addition, although the A-B-A
design is commonly referred to as a reversal design, this term may be misleading.
A reversal design not only encompasses the withdrawal of an intervention, but often
an attempt to revert the outcome variable to initial baseline levels [11, 12]. In single
subject designs, it is not always plausible that an outcome will revert to its original
levels following the withdrawal of an intervention. This would especially be the case
for designs containing interventions with long-lasting effects, such as remediating
of a disease (Fig. 2.3).

An example of an A-B-A design in clinical practice is illustrated through con-
sideration of a pharmaceutical intervention for diabetes. A physician may be treat-
ing a patient for diabetes, with the expectation of controlling blood glucose, and
is evaluating the effectiveness of a medication. The selected target outcome vari-
able is hemoglobin A1C, recorded without any interventions during the baseline
(A) phase. Several measurements are recorded until stable during the baseline and
also under the same conditions (i.e., physician-gathered measurements, participant
seated, etc.). During the intervention (B) phase, the medication is introduced and
several hemoglobin A1C recordings are conducted over time. These recordings are
also gathered under the same conditions of measurement. Next, the medication is
discontinued (i.e., withdrawal of the intervention occurs), and once again, baseline
blood glucose levels are recorded. Hemaglobin A1C measurements are examined
across the A- and B-phases. In this hypothetical example, hemoglobin A1C returns
to original baseline levels when the treatment is withdrawn in the second baseline
phase. Since outcome levels in the B-phase are closer to desired levels, the medica-
tion intervention is assumed to have been responsible for the outcome effects.
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Fig. 2.3 A hypothetical example demonstrates how an A-B-A design can be used to study the
effects of a medication intervention

Another issue in A-B-A designs is the timing of withdrawal of the treatment.
Multiple factors are frequently involved in this decision-making process, such as
time limitations, staff cooperation, and ethical considerations [1]. Intervention with-
drawal is frequently necessary in order to attribute outcome improvement to inter-
vention effects. There are ethical limitations concerning participants no longer
receiving potentially beneficial interventions. This dilemma could be applied to
the aforementioned example, in which a physician implements a medication for a
patient with diabetes. Between phases of a single subject design, the physician may
withdraw the beneficial medication and replace it with a placebo. Some researchers
have argued that this is essential, whereas others have stated that it is unethical.
However, the majority of researchers agree that once a study is terminated, patients
should have access to beneficial interventions, regardless of whether they were with-
drawn during the study. The issue regarding the appropriateness of withdrawal of
interventions, successful and unsuccessful, is addressed in Chapter 5. Additional
considerations when deciding the timing of intervention withdrawal include the effi-
cacy or effectiveness of the intervention, cost of the intervention, availability of the
medical system or the intervention, and other similar issues [1]. In essence, there
are no steadfast rules in determining when to withdraw treatment.

As discussed previously, measurements must be obtained under standardized
conditions. For example, standardized conditions entail measuring the outcome vari-
able at the same time of day, using the same devices for recording or measure-
ments, instructions, method of recording, and environmental conditions. Care must
be taken because there is always potential for an extraneous variable, such as time
of day, to impact the outcome measurement. For example, the blood glucose levels
of a patient with diabetes may fluctuate depending on the time of day and whether
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the measurements were fasting, postprandial, and so forth. Thus, deviating from the
aforementioned conditions could result in spurious outcome effects [1]. If deviations
from any conditions temporally coincide with the introduction of the intervention, a
change in the outcome cannot be attributed solely to the intervention. It is possible
that the alteration in the condition partially contributed to the outcome effects. In
this case, it would be incumbent on the researcher to either re-evaluate the inter-
vention using standard conditions, or evaluate the deviation that occurred before
making conclusions.

Although the A-B-A design still contains some of the inherent flaws found in
A-B designs, the withdrawal increases the ability to infer causality. Withdrawing
an intervention may be used to determine whether or not the outcome returns to the
level recorded at baseline. However, there are certain situations where conditions are
irreversible, and the outcome is not expected to return to baseline [11]. For exam-
ple, once treatments targeting social skills and reading are withdrawn, one cannot
unlearn these skills. In addition, there are ethical issues in terminating the study
after a baseline (A) phase, as patients are denied the full benefits of the intervention
[1]. Following the study, the researcher should consider allowing patients access to
various treatment options. Other potential problems associated with the A-B design
include carryover effects of the multiple withdrawals and reinstatements of treat-
ment interventions [1, 3]. Specifically, dependent variable changes in the final phase
may not be similar to the initial baseline phase, in which the intervention had not
yet been introduced.

A-B-A-B Design

Campbell and Stanley [9] refer to the A-B-A-B design as an equivalent time-samples
design. This design corrects for some weaknesses of the A-B-A design, as the A-B-
A-B design terminates on an intervention (B) phase. This extension is particularly
useful in that effects can be analyzed between both B to A, and then A to B, which
strengthens conclusions between the intervention and outcomes [1]. The previously
discussed example of a pharmaceutical intervention for diabetes can be used to illus-
trate the extension in the A-B-A-B design. Initially, blood glucose measurements
are gathered during the baseline phase (A), in which no medications are introduced.
When the measurements are deemed stable, the medication is introduced during the
intervention phase (B), and blood glucose measurements are again recorded. Next,
the medication is withdrawn during the baseline phase (A), and then the medication
is reintroduced for the final intervention phase (B).

B-A-B Single-Subject Design

The B-A-B design is commonly used to evaluate the methodological effectiveness
of interventions. In this design, an intervention phase (B) is first introduced, then
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withdrawn (A), and finally reinstated in the last phase (B). However, researchers
have been known to implement a shortened baseline phase prior to the main B-A-
B design [1]. Although the B-A-B design is more tenable than the A-B-A design,
in that the intervention is implemented during the terminal phase, the absence of
an initial baseline phase makes the A-B-A-B design more preferable [1]. There is
added control to studies that include the collection of baseline data prior to the intro-
duction of the intervention. The primary strength of the B-A-B design is that it can
be implemented when a patient presents with a current treatment already in place
and the investigator wants to clarify the effectiveness of the treatment, or determine
the potential ramifications of non-treatment. Additionally, the B-A-B design serves
as a precursor to a host of more complex designs, which involve alternating from an
existing intervention (B) to a new intervention (C) hypothesized to be more effec-
tive. For example, in a B-A-B-A-C design, researchers can obtain information on
the effectiveness of an intervention that is already in place and compare its effec-
tiveness to non-treatment, as well as an alternative intervention. This methodology
is useful when an existing treatment is insufficiently effective or accompanied by
undesirable side effects.

Multiple Baseline Design

In the multiple baseline design, an intervention is introduced to different outcomes
at various time periods. Visually, multiple baselines appear to be a series of A-B
designs that are placed above one another. Although multiple baselines can include
two or more baselines, studies most commonly analyze data over three or more base-
lines [1–2]. First, baseline data are simultaneously gathered on two or more base-
lines. The baseline data for each outcome reflect the current, naturally-occurring
level without the intervention. Once baselines are stable for all outcomes, the
researcher then applies an intervention on only one selected outcome, while base-
line data continue to be recorded for the other outcomes. The simultaneous baseline
measurements indicate whether changes only occur with the outcome specifically
targeted by the intervention [1, 7, 13]. Figure 2.4 shows an example of a multiple
baseline design.. Once criterion levels are reached in the first target outcome, the
intervention is introduced to the second outcome. Consequently, once criterion lev-
els are met in the intervention phase of the second outcome, the intervention is then
introduced to the third outcome. Notice that each outcome only increases following
introduction of the intervention.

Multiple baseline designs can include multiple baselines across participants, set-
tings, and outcomes. A multiple baseline design across outcome could entail two or
more target outcomes across the same treatment and in an identical setting. Also, a
multiple baseline design across participants encompasses two or more individuals
in the same setting, who receive the same intervention directed toward target out-
comes. A criterion level is frequently established a priori for analyzing the success
of an intervention. Intervention effects are demonstrated through achieving target
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Fig. 2.4 Example graph of the multiple baseline design

criterion levels predetermined by the researcher. Thus, a changing criterion design
can be included within multiple baseline designs (changing criterion designs will be
further discussed in a later section) [7]. Researchers should select outcome variables
that are somewhat independent from each other, as covariance can occur among tar-
get outcomes; however, completely unrelated outcomes may not respond to a single
intervention [7, 14].

Multiple baseline designs are unique in that various design outcomes are tested
as control conditions, and changes can be analyzed without implementing an inter-
vention. When an intervention is applied to some outcomes and not others, an inter-
vention and no-intervention condition can be used for comparison. Outcomes that
are gathered simultaneously allow researchers to make inferences that baseline out-
comes would continue to be stable if the intervention were not provided [7]. Base-
lines not yet receiving an intervention should be compared at the same time with
those receiving the intervention, so as to determine potential intervention effects.

There are several advantages and disadvantages involved in multiple baseline
designs. Situations can exist in which withdrawal or reversal designs are not appro-
priate. Carryover effects of the intervention may appear across phases, such as
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with medication interventions, or withdrawing an intervention may pose risks to
the participant [1]. Since ethical considerations are of utmost importance, multi-
ple baseline designs, along with alternating treatment designs, can be very useful
when withdrawals and reversals are inappropriate. Multiple baseline designs are
also useful when more than one target outcome is in need of an intervention [7].
The aforementioned potential for covariance is an issue of concern in multiple base-
line designs, as carryover effects can confound the results. Some researchers hold
that multiple baseline designs are less efficient than withdrawal or reversal designs,
as these contain more direct relationships between the intervention and target out-
come [15]. Despite these challenges, multiple baseline designs are frequently used
by researchers because they do not require reversals, and consequently, avoid some
of the ethical issues inherent in other single subject designs.

Alternating Treatments Design

Also referred to as the multiple schedule design [16] and the multi-element design
[17], the alternating treatments design evaluates the effects of two or more inter-
ventions on a single outcome. Two or more interventions are alternated rapidly, but
not necessarily within a fixed period of time [1]. The term rapid might indicate
that a participant receives alternating interventions each and every time he or she
is tested, which might occur daily, weekly, or even monthly. Researchers do not
analyze trends in improvement over time, since two or more interventions are alter-
nating. Instead, for example, the researcher plots all the data points for Intervention
A and compares it to trends in the data points for Intervention B. Also, although
the term treatment is contained in the title of the design, this designation does not
preclude other non-therapeutic interventions. Rather, any intervention can be imple-
mented. It should also be noted that the alternating treatments design is commonly
used in combination with other single subject designs, specifically when determin-
ing which of several treatments is most effective [7].

Figure 2.5 displays data from an alternating treatments design gathered from
a study conducted on an African-American male (age 51) being treated by an
internist. Specifically, three different insulin dosage regimens were employed in
an alternating fashion, targeting hemaglobin A1C. Only two measurements were
gathered during the baseline (A) phase; however, the researcher had data indicat-
ing baseline (A) levels could be established with only two measures. In most cases,
it is recommended that baseline stability should be determined following multiple
observations. As presented in Fig. 2.5, hemaglobin A1C levels decreased as treat-
ment progressed. Levels continued to decrease with each new introduction of the
three treatments. At the conclusion of the study, data points for each medication
intervention are presented in separate plots. Trends are compared between each of
the interventions. If there is greater improvement with one intervention relative to
another intervention, it is inferred that this specific medication is more effective than
the other medication.
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Fig. 2.5 An alternating treatments design is presented targeting hemoglobin A1C levels

The presentation order of the alternating interventions should not be systematic
as in an A-B-A-B-A-B design, for example. The researcher should randomize the
presentation order of interventions to control for sequential confounding (i.e., order
effects or carryover effects), in which the introduction of one intervention influences
a subsequent intervention [1]. Intervention order should be counterbalanced, so as
to minimize carryover and order effects. For example, three interventions could be
randomly presented in the following blocks: C-A-B, A-B-C, and B-C-A. Carry-
over effects can also be decreased by separating intervention sessions with a time
interval and slowing down the timing of alternations [1]. Additionally, researchers
should present each block of interventions for an equal number of times, as doing
so strengthens experimental control and creates consistency within the experimental
procedures [18].

Various types of alternating treatments designs exist, some of which do not incor-
porate baseline phases. Alternating treatments with no baselines are useful in that
interventions can be immediately implemented. Nonetheless, it should be noted
that although it is unnecessary to collect baseline data in the alternating treatments
design, it is prudent to still gather baseline data if at all possible [1, 19]. Many
researchers using this design include baseline data by replacing an intervention
phase with a no-treatment phase, commonly referred to as the alternating treatments
with a control condition design [18]. However, it should be cautioned that a no-
treatment phase is not the equivalent of a pre-intervention baseline, and multiple
treatment interference can occur when a no-treatment phase is used between vari-
ous intervention phases [7, 15, 20]. Specifically, carryover effects may occur with
interventions preceding the introduction of a baseline phase.
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An additional variation of the alternating treatments design includes a baseline
followed by an alternating treatments design. Although baseline stability is not a
requirement of the alternating treatments design, the initial baseline should include
an outcome that is stable. There are situations in which baseline stability is unnec-
essary for ethical purposes, such as with severe conditions that may benefit from
immediate employment of the intervention [7]. Another situation not requiring base-
line stability includes trends progressing in the opposite direction of the goal. In
this case, baseline data collection can be discontinued and the intervention imple-
mented. An alternating treatments design beginning with a baseline phase could
also be altered to contain only the most effective intervention for the final phase.
Eliminating less effective interventions can save time and money for the researcher.
In addition, as discussed previously, for ethical reasons it is essential to continue
effective interventions following study termination.

The alternating treatments design has many advantages and disadvantages.
The design is very useful for researchers analyzing the effectiveness of several
interventions. Also, the design progresses more rapidly due to the alternating inter-
vention phases. If designs contain baseline phases, it is unnecessary for data to be
stable prior to intervention implementation [7]. In addition, there are fewer ethical
concerns when compared to other designs, since intervention withdrawal is unnec-
essary. Although counterbalancing can be employed to decrease order effects, mul-
tiple intervention interference is an issue of concern, as interventions are continually
alternated [1]. Despite the potential for carryover or confounding effects in multi-
ple treatments, interference can be minimized by implementing interventions that
substantially differ from one another. Also, alternating treatment designs are not
appropriate for targets that cannot be reversed, such as learning a skill. Intervention
implementation is rapid; therefore, this design should not be used for interventions
producing slow change over time. Although the alternating treatments design has
several disadvantages, the application of this design can be quite useful in a wide-
array of biomedical settings.

Changing Criterion Design

In changing criterion designs, intervention effects are demonstrated through achiev-
ing target criterion levels that are predetermined by the researcher, such as a specific
blood pressure level. Within this design, the outcome must gradually improve over
time, in order to meet specified criteria. Criteria are repeatedly altered throughout
the intervention to reflect improvement in the outcome, and rewards can be imple-
mented when criterion levels are met or surpassed. The purpose of contingencies
is to facilitate the increase or decrease of the target outcome. Following baseline
collection (A) in the changing criterion design, the intervention (B) is divided into
subphases requiring target outcome progression toward the ultimate goal [21]. Sim-
ilar to the basic A-B-A-B design and multiple baseline design, a baseline is used for
comparative purposes. If the intervention is responsible for change, outcome levels
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in each subphase should correspond with shifts in the specified criterion. However,
fluctuating outcomes would likely reflect effects from extraneous variables that are
inconsistent with desirable criterion levels.

An example of a changing criterion design involves increasing minutes of daily
exercise. Initially the patient may engage in little to no exercise during the baseline
phase. In this case, the specified criterion may be engagement in 15 minutes of
exercise per day. If the criterion is met, the patient could earn reinforcements or
rewards, such as setting aside time for an enjoyable activity or money for exercise-
related item purchases. If the patient is consistently meeting the criterion for several
consecutive days, the criterion could be increased to 20 minutes, 25 minutes, and so
on. In essence, the goal is gradually increased as the target outcome both meets the
criterion and is stabilized. The criterion is continually altered until the desired level
is achieved.

Issues for consideration with changing criterion designs include phase length,
magnitude of criterion changes, and number of phase or criterion changes [3, 7,
22]. In terms of phase length, subphase levels are used as baselines for subsequent
phases; thus, it is essential that outcomes are stable before progressing to a new
subphase. If the outcome is able to change rapidly, then shorter subphases can be
implemented. Causal relationships cannot be concluded from intervention effects;
however, the relationship between the intervention and outcome is strengthened
when dependent variable levels remain close to the designated criterion during each
subphase.

There are no stringent guidelines for determining the magnitude change in the
criterion that should occur over subphases. If guidelines require only a small change
in the outcome, then there may be ambiguity as to whether other extraneous factors,
such as maturation or practice effects, were responsible for the changes [7]. Alter-
natively, criteria demanding large changes that are not reached may indicate the
magnitude is too large. When deciding the initial criterion level, the lowest or high-
est baseline data point can be used for an approximate estimate. Other options for
determining initial criterion levels include calculating a 10 or 15 percent increase or
decrease of the mean baseline level [2]. Throughout the course of the study, larger
criterion changes can be implemented with outcomes of greater variability, while
more stable outcomes can use smaller criterion changes [22]. These criteria changes
should improve the detection of correspondence between the outcome and the
criteria.

In addition, the number of criterion changes included in a study should be
considered. Although a minimum of two criterion shifts must be included in this
design, multiple subphases are generally implemented [2]. It would be difficult to
demonstrate intervention effects with only one criterion shift; however, an exces-
sive number of criterion shifts may create ambiguity. The determination of number
of criterion shifts is frequently contingent on the magnitude of criterion changes and
length of phases [7]. For example, length of time available for the study could be an
issue for consideration, along with outcome stability during subphases.
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The changing criterion design does not require withdrawing or withholding an
intervention to demonstrate relationships. Rather, the design can be adapted to
include additional subphases containing reversals to a previous criterion level or
baseline [7]. There are challenges in analyzing unidirectional changes over time
during an intervention phase. Extraneous variables may be responsible for improve-
ment of the target, rather than the intervention alone. In order to rule out threats to
internal validity, such as practice effects, bidirectional changes should be evaluated.
Intervention effects can be analyzed by increasing or decreasing the criterion and
determining if the target outcome corresponds with those changes. Relationships
between the intervention and outcome are further strengthened if changes occur in
the direction of the specified criterion.

There are several advantages and disadvantages associated with the changing cri-
terion design. The design is useful with target outcomes that can increase or decrease
in a stepwise fashion, particularly when the terminal goal can only be reached over
a long length of time [18], such as with increasing medication dosages or drug titra-
tion. Changing criterion designs are also appropriate when evaluating interventions
containing contingent reinforcement or punishment, and when treatment withdrawal
cannot occur. Despite the desirable characteristics of the changing criterion design,
it has been employed less often than other single subject designs [2]. This may
be partially explained by the restricted application for certain target outcomes; for
example, it is recommended the outcome be contained in the patient′s repertoire
(e.g., smoking, reading, eating, etc.) [2, 23]. The aforementioned advantages of the
design could also be seen as disadvantages, in that interventions must present con-
tingencies, and outcomes must change gradually. Although there are restrictions for
the implementation of the changing criterion design, it offers researchers unique
options that are not found in the other single subject designs.

Summary

The various methodological components inherent in the family of single subject
designs offer a wide array of options and flexibility for researchers, as each sin-
gle subject design contains strengths and limitations. Consideration of the research
question is essential when creating and selecting a design, since certain designs may
be more appropriate for the investigation of specific research questions. The research
question also dictates target informative outcomes for measurement, the actual inter-
vention, and potential ethical concerns, among other issues. Single subject designs
can be particularly useful for events in which interventions are costly and for unique
populations. As a whole, single subject designs allow researchers to implement pro-
cedures that may be less cumbersome than large N designs [11]. Findings can also
be used for comparison with other single and between-subject designs. The family
of single subject designs offers flexible options that can be beneficial within the field
of biomedicine.
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