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Chapter 1
Overview of the Single Subject Design

R.A. Fisher, though most often associated with multiple-subject designs, first intro-
duced a single-subject (clinical trial of N-of-1) experimental paradigm in 1945 [1].
Since this introduction, the single subject design has been used most frequently
within the social and educational sciences [2]. This design, however, has recently
been applied for investigations in medicine that have involved a multitude of clini-
cal and biomedical areas such as drug therapy [3], gastroenterology [4, 5], internal
medicine [5], pediatrics [6], family medicine [7, 8], cardiology [9], and nutrition
[10], among others [3, 6, 11-13, 14-31]. During the 1980s, McMaster University
established a service to direct and collaborate with physicians in planning and con-
ducting N-of-1 (N=1) trials [11]. It was reported [11] that of the 57 completed
single-subject trials, 50 of those trials provided a definite clinical answer, while
study results of 15 trials consequently led the physician to alter treatment of the
patient. Based upon these results reported by the collaborative team at McMaster
University [11], single subject trials afford important opportunities for application
in biomedicine, including directly improving patient clinical care.

Several specific examples highlight the utility of single subject design research in
improving patient care. A recent literature example by Langer, Wintrop, and Issen-
man [6] reported on a single subject randomized trial to assess the effect of cisapride
on symptoms arising from gastroesophageal reflux in pediatric patients. The trial
investigated a placebo phase (A phase) and cisapride phase (B phase), with three
study periods (i.e., A-B-A-B-A-B). The outcome variables of interest, all clinical
measurements, included the number of episodes per five days for vomiting, gag-
ging, and stools. In addition, Guyatt et al. [13] reported on a single subject study of
a randomized controlled investigation of theophylline. Two study periods consist-
ing of drug and placebo phases were employed (A-B-A-B). Patient-reported out-
comes were rated on a seven-point scale, which included symptoms of shortness of
breath, the need for an inhaler, and sleep disturbance. Using relatively straightfor-
ward single subject design procedures, physicians and practitioners have been able
to examine the impact of treatments on appropriate outcome variables.

In a more recent example, Avins, Bent, and Neuhaus [32] reported on the use
of an embedded N-of-1 trial to improve adherence and increase information from a
clinical study. The study included a randomized, double-blind, placebo-controlled

J.E. Janosky et al., Single Subject Designs in Biomedicine, 1
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2 1 Overview of the Single Subject Design

clinical trial of a customary extract of saw palmetto berry for the treatment of benign
prostatic hyperplasia (BPH) symptoms. Eligibility requirements for participation
included males with moderated symptoms of BPH that were age 50 or older. The
results, based on estimates derived from the systematic model, did not suggest a
strong effect of the study medication on blood pressure. Patient withdrawal from
clinical trials was often accounted for by adverse effects. Entrenched N-of-1 tri-
als offer an innovative opportunity for helping improve participants’ adherence to
clinical protocols. Thus, single subject trials can be nested within larger studies to
improve patient care, increase treatment adherence, and address additional research
questions.

Single Subject Design Methodology

A frequently used quasi-experimental research design involves longitudinal mea-
surements on a single subject (N-of-1) that extend over time. This design has
been titled a within-subject design, clinical trial of N=1, repeated-measures design,
time-series design, N-of-1 study, A-B, A-B-A design, or a single subject design
[33—41, 8]. This design is most often used to study a process over time, with or
without interventions, and typically employed in medicine [3, 67, 11-13, 42], psy-
chology [43-45], education [39], econometrics [37, 46], and other types of research
[47-55, 14-31].

An Institute of Medicine report [56] has provided initial guidelines for the
use of these small clinical trials. Specifically, warranted situations might include
rare diseases, unique study populations, individually tailored therapies, isolated
environments, emergency situations, and public health urgency [56]. In particu-
lar, practice-based research commonly encompasses individually tailored therapies
(e.g., glycemic control), isolated environments (e.g., rural health), and unique study
populations (e.g., an adolescent who is HIV-infected and pregnant) [8]. Further-
more, Janosky [8] has demonstrated the applicability of this design to practice-based
research in general, and more specifically to primary care practice-based research.

Figure 1.1 presents an illustration of an implemented A-B single subject research
design. An A-B single subject research design encompasses two investigated con-
ditions, in which the first condition (A) is a baseline or control condition, and the
second condition (B) is an intervention condition. Figure 1.1 and this design descrip-
tion can be found in Janosky [8]. In this single subject study, the research question of
interest was whether a comprehensive intervention for diabetes management would
be effective in lowering fasting blood glucose values. Patient selection for partici-
pation was a systematic process that included identifying patients considered as: (1)
typical in terms of the practice demographics, (2) typical for the disease presenta-
tion and progression, (3) in need of lower fasting blood glucose values, (4) antici-
pated to be compliant for the treatment changes, and (5) anticipated to be compliant
for the necessary consent. These screening procedures were used to ensure study
completion and improve generalizability of the study results.
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Fasting Blood Glucose (FBG) Values for Patient #335899

(567 Year Old, Caucasian, Female, Insulin-Dependent DM)
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Fig. 1.1 An Example of data from a single-subject design

For this particular single subject design, there were two phases that included a
baseline (A) and a treatment (B). The baseline and treatment were administered at
distinct time periods. There were measurements across time, within both the base-
line and treatment phases. Every two months the patient’s Fasting Blood Glucose
levels were measured, as shown in Fig. 1.1. The patient was a 57-year-old, Cau-
casian female, with an onset of insulin-dependent diabetes in 1992. Presented are
four measurements that were gathered every two months, which occurred before
and after the intervention. A total of 8 observations are presented, and each obser-
vation was measured and reported (e.g., lab used, time of day, etc.) in the same
manner. The goal of intervention was to improve diabetes management, which con-
sisted of a prescribed exercise regimen, weight-management, and participation in
a counseling session. Visual inspection of the figure reveals that the intervention
was relatively effective in lowering the measured Fasting Blood Glucose in this
subject.

As in all single subject designs, the research question of interest should guide the
selection of the specific single subject design utilized in the study. When planning
to implement a single subject design during the research design phase, the neces-
sary specifications of conducting a multiple-subject randomized clinical trial must
also be followed. The planning phase must incorporate forethought in the choice
of outcome, variables, the subject(s), implementation of the treatment, number of
phases, number of periods, and number of observations. Some guidelines have
been prepared for these planning and implementation issues [3, 6, 11, 37, 42, 8].
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Though much research has evaluated the methodology of these designs, additional
research is needed to evaluate more thoroughly the data from these designs in order
to determine their relative merits.

Arguably, clinical effectiveness of a single subject design intervention would
ideally be assessed using inferential statistical techniques. Unfortunately, there is no
uniformly accepted procedure for approaching these analyses. Many data analytic
procedures have been proposed that include, but are not limited to, visual inspec-
tion, z-tests, t-tests, analysis of variance, time-series, the C-statistic, the split-middle
technique, nonparametric smoothing, and curve fitting [36, 38, 45-46, 47-55,
57-67]. Visual inspection is primarily a descriptive technique, while all others
involve varying degrees of hypothesis testing [62, 63, 68-71]. Research has not
shown any inferential procedures to be uniformly valid for these types of designs.
Janosky [36] discusses a portion of these methods in more detail. Though initially
used primarily within social and educational research, the single subject design
methodology is being increasingly incorporated into health sciences research and
biomedicine. Recently, this design has been used as a means of investigation in
medicine involving such areas as drug therapy [13], gastroenterology [4], internal
medicine [5, 12], pediatrics [6], family medicine [8], cardiology [9], and nutrition
[10]. The included annotated bibliography (See Chapter 7) identifies single subject
design articles recently published in PsycInfo, MEDLINE, and PubMed.

References

1. Edgington ES. Statistics and single case analysis. Progress in Behavior Modification. 1984;
16: 83-119.

2. Barlow DH, Hersen M. Single case experimental designs: Strategies for studying behavior
change. New York: Pergamon, 1984.

3. Guyatt GH, Heyting A, Jaeschke R, et al. N of 1 randomized trials for investigating new drugs.
Controlled Clinical Trials. 1990; 11: 88—100.

4. Woolf GM, Townsend M, Guyatt GH. Treatment of cryptosporidiosis with spiramycin in
AIDS: An “N of 17 trial. Journal of Clinical Gastroenterology. 1987; 9: 632-634.

5. Balestra DJ, Balestra ST, Wasson JH. Ulcerative colitis and steriod-responsive, diffuse inter-
stitial lung disease: A trial of N = 1. Journal of the American Medical Association. 1988; 260:
62-64.

6. Langer JC, Wintrop AL, Issenman RM. The single-subject randomized trial: Useful clini-
cal tool for assessing therapeutic efficacy in pediatric practice. Clinical Pediatrics. 1993; 32:
654-657.

7. Jaeschke R, Cook D, Sackett DL. The potential role of single-patient randomized controlled
trials (N-of-1 RCTs) in clinical practice. Journal of the American Board of Family Practice.
1992; 5: 227-229.

8. Janosky JE. Use of the single subject design for practice based primary care research. Post-
graduate Medical Journal. 2005; 81(959): 549-551.

9. Robin ED, Burke CM. Single-patient randomized clinical trial: Opiates for intractable dysp-
nea. Chest. 1986; 90: 888—892.

10. Wagner JL, Winett R. Prompting one low-fat, high-fiber selection in a fast food restaurant.
Journal of Applied Behavior Analysis. 1988; 21: 179-185.

11. Guyatt GH, Keller JL, Jaeschke R, et al. The n-of-1 randomized controlled trial: Clinical
usefulness. Annals of Internal Medicine. 1990; 112: 293-299.



References 5

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Larson EB, Ellsworth AJ, Oas J. Randomized clinical trials in single patients during a 2-year
period. Journal of the American Medical Association. 1993; 270: 2708-2712.

Guyatt G, Sackett D, Taylor DQ, et al. Determining optimal therapy—randomized trials in
individual patients. New England Journal of Medicine. 1986; 314: 889-892.

Thompson CK. Single subject controlled experiments in aphasia: The science and the state of
the science. Journal of Common Disorders. 2006; 39(4): 266-291.

Zhang H, Luo WL, Nichols TE. Diagnosis of single-subject and group fMRI data with SPMd.
Human Brain Mapping. 2006; 27(5): 442-451.

Goebel R, Esposito F, Formisano E. Analysis of functional image analysis contest (FIAC) data
with brainvoyager QX: From single-subject to cortically aligned group general linear model
analysis and self-organizing group independent component analysis. Human Brain Mapping.
2006; 27(5): 392-401.

Chen X, Pereira F, Lee W, Strother S, Mitchell T. Exploring predictive and reproducible mod-
eling with the single-subject FIAC dataset. Human Brain Mapping. 2006; 27(5): 452—-461.
Rio DE, Rawlings RR, Woltz LA, Salloum JB, Hommer DW. Single subject image analysis
using the complex general linear model — An application to functional magnetic resonance
imaging with multiple inputs. Computer Methods and Programs in Biomedicine. 2006; 82(1):
10-19.

Michaud TC, Nawoczenski DA. The influence of two different types of foot orthoses on first
metatarsophalangel joint kinematics during gait in a single subject. Journal of Manipulative
and Physiological Therapeutics. 2006; 29(1): 60-65.

Tankersley M, McGoey KE, Dalton D, Rumrill Jr. PD, Balan CM. Single subject research
methods in rehabilitation. Work (Reading, MA). 2006; 26(1): 85-92.

Schlosser RW, Sigfoos J. Augmentative and alternative communication interventions for per-
sons with elemental disabilities: Narrative review of comparative single-subject experimental
studies. Research in Developmental Disabilities. 2006; 27(1): 1-29.

Powers SW, Piazza-Waggoner C, Jones JF, Ferguson KS, Dianes C, Acton JD. Examining
clinical trial results with single-subject analysis: An example involving behavioral and nutri-
tion treatment for young children with cystic fibrosis. Journal of Pediatric Psychology. 2006;
31(6): 574-581.

Ownsworth T, Fleming J, Desbois J, Strong J, Kuipers P. A metacognitive contextual inter-
vention to enhance error awareness and functional outcome following traumatic brain injury:
A single-case experimental design. Journal of the International Neuropsychological Society.
2006; 12(1): 54-63.

Betker AL, Szturm T, Moussavi ZK, Nett C. Video game-based exercise for balance rehabili-
tation: A single-subject design. Archives of Physical Medicine & Rehabilitation. 2006; 87(8):
1141-1149.

Nikles CJ, Mitchell GK, Del Mar CB, Clavarino A, McNairn N. An n-of-1 trial service in
clinical practice: Testing the effectiveness of stimulants for attention-deficit/hyperactivity dis-
order. Pediatrics. 2006; 117(6): 2040-2046.

Winslow E, Hutchison R. Placebo use in the N-Of-1 Trial. [Department Letter]. American
Journal of Nursing. 2006; 106(9): 16.

Smith JF, Chen K, Johnson S, Morrone-Strupinsky J, Reiman EM, Nelson A, Moeller JR,
Alexander GE. Network analysis of single-subject fMRI during a finger opposition task. Neu-
rolmage. 2006; 32(1): 325-332.

Ma HH. An Alternative method for quantitative synthesis of single-subject researches: Per-
centage of data points exceeding the median. Behavior Modification. 2006; 30(5): 598-617.
Didden R, Korzilius H, van Oorsouw W, Sturmey P. Behavioral treatment of challeng-
ing behaviors in individuals with mild mental retardation: Meta-analysis of single-subject
research. American Journal of Mental Retardation. 2006; 111(4): 290-298.

Marklund I, Klassbo M. Effects of lower limb intensive mass practice in poststroke patients:
Single-subject experimental design with long-term follow-up. Clinical Rehabilitation. 2006;
20(7): 568-576.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.
49.
50.
51.

52.
53.

54.

55.

1 Overview of the Single Subject Design

Wehmeyer ML, Palmer SB, Smith SJ, Parent W, Davies DK, Stock S. Technology use by peo-
ple with intellectual and developmental disabilities to support employment actives: A single-
subject design meta-analysis. Journal of Vocational Rehabilitation. 2006; 24(2): 81-86.
Avins AL, Bent S, Neuhaus JM. Use of an embedded N-of-1 trial to improve adherence
and increase information from a clinical study. Contemporary Clinical Trial. 2005; 26(3):
397-401.

Cook TD, Campbell, DT. Quasi-experimentation: Design & analysis issues for field settings.
Boston, MA: Houghton Mifflin Company, 1979.

Gay, LR. Educational research: Competencies for analysis and application. Columbus, OH:
Merrill Publishing Company, 1987.

Hersen M, Barlow DH. Single case experimental designs: Strategies for studying behavioral
change, New York: Pergamon, 1976.

Janosky JE. Use of the nonparametric smoother for examination of data from a single- subject
design. Behavior Modification. 1992; 16(3): 387-399.

Kazdin, AE. Single case research designs: Methods for clinical and applied settings. New
York: Oxford, 1982.

Kratochwill T, Alden K, Demuth D, et al. A further consideration in the application of an
analysis-of-variance model for the intrasubject design. Journal of Applied Behavior Analysis.
1974; 7: 629-634.

McLaughlin, TE. An examination and evaluation of single subject designs used in behavior
analysis research in school settings. Educational Research Quarterly. 1983; 7: 35-42.
McReynolds LV, Thompson CK. Flexibility of single-subject experimental designs. Part 1:
Review of the basics of single-subject designs. Journal of Speech and Hearing Disorders.
1986; 51: 194-203.

Sidman M. Tactics of scientific research. New York: Basic Books, 1960.

Larson EB. N-of-1 clinical trials: A technique for improving medical therapeutics. Western
Journal of Medicine. 1990; 152: 52-56.

Edgington ES. Statistics and single case analysis. Program in Behavior Modification. 1984;
16: 83-119.

Hartmann DP, Gottman JM, Jones RR, Gardner W, Kazdin AE, Vaught R. Interrupted time-
series analysis and its application to behavioral data. Journal of Applied Behavior Analysis.
1980; 13: 543-559.

Jones RR, Vaught RS, Weinrott M. Time-series analysis in operant research. Journal of
Applied Behavior Analysis. 1977; 10: 151-166.

Kazdin AE. Statistical analyses for single-case experimental designs. In DH Barlow,
M Hersen (Eds.). Single-case experimental designs: Strategies for studying behavior change
(2nd ed., pp. 285-324). New York: Pergamon Press, 1984.

Blumberg CJ. Comments on “A simplified time-series analysis for evaluating treatment inter-
ventions”. Journal of Applied Behavior Analysis. 1984; 17(4): 539-542.

Bock RD. Multivariate statistical methods in behavioral research. New York: McGraw-Hill,
1975.

Chatfield C. The analysis of time series: An introduction. New York: Chapman and Hall, 1982.
Conover WI. Practical nonparametric statistics. New York: Wiley, 1971.

DeProspero A, Cohen S. Inconsistent visual analysis of intrasubject data. Journal of Applied
Behavior Analysis. 1979; 12: 573-579.

Draper NR, Smith H. Applied regression analysis. New York: John Wiley and Sons, 1981.
Franklin RD, Allison DB, Gorman BS. Design and analysis of single-case research. Mahwah,
NIJ: Erlbaum, 1996.

Glass G, Willson V, Gottman J. Designs and analysis of time-series experiments. Boulder,
CO: Associated University Press, 1975.

Gottman JM, Glass GV. Analysis of interrupted time-series experiments. In TR Kratochwill
(Ed.). Single-subject research: Strategies for evaluating change (pp. 197-237) New York:
Academic Press, 1978.



References 7

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.
70.

71.

Institute of Medicine. Committee on strategies for small-number-participant clinical research
trials. Washington, DC: Institute of Medicine, 2001.

Gottman JM, McFall RM, Barnett JT. Design and analysis of research using time series. Psy-
chological Bulletin. 1969; 72(4): 299-306.

Holtzman WH. Statistical models for the study of change in the single case. In C Harris (Ed.)
Problems in measuring change. Madison, WI: University of Wisconsin Press, 1967.

Tryon WW. A simplified time-series analysis for evaluating treatment interventions: A rejoiner
to Blumberg. Journal ofApplied Behavior Analysis. 1984;17:543-544.

Tryon WW. Digital filters in behavioral research. Journal of the Experimental Analysis of
Behavior. 1983; 39: 185-190.

Tryon WW. A simplified time-series for evaluating treatment interventions. Journal of Applied
Behavior Analysis. 1982; 15: 423-429.

Tufte ER. The visual display of quantitative information. Cheshire, CT: Graphics Press, 1983.
Tukey JW. Exploratory data analysis. Reading, MA: Addison-Wesley Publishing Company,
1977.

Velleman PF. Definition and comparison of robust nonlinear data smoothing algorithms. Jour-
nal of the American Statistical Association. 1980; 75: 609-615.

White OR. A glossary of behavioral terminology. Champaign, IL: Research Press, 1971.
White OR. A manual for the calculation and use of the median slope: A technique of progress
estimation and prediction in the single case. Eugene, OR: University of Oregon, Regional
Resource Center for Handicapped Children, 1972.

White OR. The "split-middle". A "quickie" method of trend estimation. Seattle, WA: Univer-
sity of Washington, Experimental Education Unit, Child Development and Mental Retardation
Center, 1974.

Edgington ES. Validity of randomization tests for one-subject experiments. Journal of Edu-
cational Statistics. 1980; 5: 235-251.

Mood AF. Introduction to the theory of statistics. New York: McGraw-Hill, 1950.

Ninness HA, Newton R, Saxon J, et al. Small group statistics: A Monte Carlo comparison of
parametric and randomization tests. Behavioral and Social Issues. 2002; 12: 53-63.
Ottenbacher KJ. Reliability and accuracy of visually analyzing graphed data from single-
subject designs. The American Journal of Occupational Therapy. 1986; 40: 464—469.



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 Qutcomes

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, HbAlc 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.

J.E. Janosky et al., Single Subject Designs in Biomedicine, 9
DOI 10.1007/978-90-481-2444-2_2, © Springer Science+Business Media B.V. 2009



10 2 The Application of the Single Subject Design

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

Baseline Treatment
180 -
170
e
3 160 [
@ / e
@ ]
o . @
T 150 ®— ~e \
@ *—e
[u1] 1 —
o g
5 140 4 .\
®
& @
130
120 1— : |

Times

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.



24

2 The Application of the Single Subject Design

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Barlow DH, Hersen M. Single case experimental designs: Strategies for studying behavior
change (2nd ed.). New York: Pergamon Press, 1984.

Kazdin A. Single-case research designs: Methods for clinical and applied settings. New York:
Oxford University Press, 1982.

Kratochwill TR (Ed.). Single subject research: Strategies for evaluating change. New York:
Academic Press, 1978.

Hawkins RP. Developing a behavior code. In DP Harmann (Ed.), Using observers to study
behavior: New direction for methodology of social and behavioral science (pp.21-35). San
Francisco, CA: Jossey-Bass, 1982.

Brown-Chidsey R, Steege MW. Response to intervention: Principles and strategies for effec-
tive practice. New York: The Guilford Press, 2005.

Haynes SN, Wilson CC. Behavioral assessment: Recent advances in methods, concepts, and
applications. San Francisco, CA: Jossey-Bass, 1979.

Richards SB, Taylor RL, Ramasamy R, Richards RY. Single subject research: Applications in
educational and clinical settings. San Diego, CA: Singular Publishing Group, 1999.

Janosky JE, Al-Shboul QM, Pellitieri TR. Validation of the use of a nonparametric smoother
for the examination of data from a single-subject design. Behavior Modification. 1995; 19(3):
307-324.

Campbell DT, Stanley JC. Experimental and quasi-experimental designs for research.
Chicago, IL: Rand McNally, 1966.

Cook TD, Campbell DT (Eds.). Quasi-experimentation: Design and analysis issues for field
settings. Boston, MA: Houghton Mifflin Company, 1979.

Krishef CH. Fundamental approaches to single subject design and analysis. Malabar, FL:
Krieger Publishing Company, 1991.

Leitenburg H. The use of single-case methodology in psychotherapy research. Journal of
Abnormal Psychology. 1973; 82(1): 87-101.

Baer DM, Wolf MM, Risley RR. Some current dimensions of applied behavior analysis. Jour-
nal of Applied Behavior Analysis. 1968; 1: 91-97.

Tawney JW, Gast DL. Single subject research in special education. Columbus, OH: Merrill,
1984.

Cooper JO, Heron TE, Heward WL. Applied behavior analysis. Columbus, OH: Merrill Pub-
lishing Company, 1987.

Hersen M, Barlow DH. Single case experimental design: Strategies for studying behavior
change. New York: Pergamon, 1976.

Ullman J, Sulzer-Azaroff B. Multielement baseline design in educational research. In E Ramp,
G Semb (Eds.), Behavior analysis: Areas of research and application (pp. 371-391). Engle-
wood Cliffs, NJ: Prentice-Hall, 1975.

Alberto P, Troutman A. Applied behavior analysis for teachers (5th ed.). Columbus, OH:
Merrill, 1999.

Neuman S. Alternating treatments designs. In S Neuman, S McCormick (Eds.), Single sub-
Jject experimental research: Applications for literacy (pp. 64-83). Neward, DE: International
Reading Association, 1995.

Barlow DH, Hayes SC. Alternating treatments design: One strategy for comparing the effects
of two treatments in a single subject. Journal of Applied Behavior Analysis. 1979; 12: 199—
210.

Poling, A, Methot L, LeSage M. Fundamentals of behavior analytic research. New York:
Plenum Press, 1995.

Hartmann DP, Hall RV. The changing criterion design. Journal of Applied Behavior Analysis.
1976; 9(4): 527-532.

Hall RV. Behavior modification: The measurement of behavior. Lawrence, KS: H & H Enter-
prises, 1971.



Chapter 3
Methodological Framework for Single
Subject Designs

This chapter presents a methodological framework for single subject designs. In
particular, the historical roots of research methodology are examined, including a
discussion as to possible barriers to application that resulted in the underutilization
of single subject designs. Included is a comparison of the strengths and challenges in
the context of internal and external validity. Compared to traditional between-group
designs, single subject designs have comparable or stronger internal validity but are
more limited in some aspects of external validity; that is, the single subject design
may provide more definitive conclusions, but it can be more difficult to generalize
those conclusions to other participants or patients. Strategies for overcoming these
limitations are examined.

Historical Roots

Although clinical practice focuses on the individual, biomedical research has pri-
marily focused on the study of groups, including the evaluation of biomedical inter-
ventions implemented with groups of patients. The considered gold standard within
biomedical research, the randomized controlled trial (RCT), is most often used to
evaluate interventions for groups or cohorts of patients or subjects. Even though the
RCT, considered as an experimental design, has typically taken precedence over the
other research methodologies, including the single subject design, all methodologies
have inherent strengths and weaknesses. For biomedical researchers, the best course
for increasing scientific understanding of relevant phenomena revolves around the
utilization of a variety of methodological designs, with the research question of
interest determining the choice of the design.

This section provides an examination of the historical roots of the single sub-
ject design to highlight the importance of use, while also clarifying why it has
been underutilized in biomedicine. Currently, single subject designs are being
employed more frequently and provide a number of opportunities for improv-
ing direct patient care, as well as answering important biomedical research
questions [1].

J.E. Janosky et al., Single Subject Designs in Biomedicine, 25
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Individual-Focused Designs

Whereas between-group designs became more utilized after several statistical dis-
coveries in the 1930s, informal single subject design research began to propagate
nearly one hundred years prior, in the 1830s. Most early research involving single
subjects was conducted within the budding field of neurophysiology. In particular,
Hall and Flourens began conducting experimental ablation studies, which examined
the physiological and behavioral effects of destroying or removing various brain
regions [2]. Capitalizing on their earlier research, Broca described the relationship
between language deficits and localized brain lesions observed through post-mortem
examinations [3].

In the research area of sensation and perception, the single subject design was
frequently employed; for example, Fechner examined the minimum thresholds nec-
essary for perception [4]. This work by Fechner on just noticeable differences (JND)
was unique in the use of statistics to quantify the minimum necessary increase in
stimulus intensity needed for discernment. Later experiments by Ebbinghaus, exam-
ining memory, and Pavlov, examining classical conditioning, or associative learning,
were similar in design — relying extensively on multiple observations of single sub-
jects [3, 6].

Although several examples of rigorous single subject experimental design studies
have been noted, the early study of single cases was relatively informal, particularly
in the applied setting. Case studies are detailed accounts of single cases, and they
differ from single subject design studies in that the investigator typically exercises
less control and may not rigorously collect and analyze quantitative data. During
the late 1800s and early 1900s, case studies were the primary method of clini-
cal investigation. For example, neurologist Jean-Martin Charcot’s early case reports
helped to document conditions such as Charcot-Marie-Tooth disease, multiple scle-
rosis, and Parkinson’s disease [7]. Charcot became primarily interested in studying
patients suffering from “hysteria” or physical symptoms with no neurological basis
(commonly referred to as somatization disorders or conversion disorders today).
Charcot mentored a number of notable psychologists, including Sigmund Freud, the
quintessential case study investigator. Freud’s evolving theories of psychopathology
drew heavily on case material obtained from his patients, and he published several
lengthy case reports. Although Freud may have been most notable, this methodol-
ogy was characteristic of most clinical psychologists in the early 1900 s. Of course,
case studies suffered from a number of major limitations, in that they rarely relied on
data, systematic observation, or experimental control. Those using case studies often
made bold claims of treatment effectiveness or postulated a number of unsupported
inferences in their theories. Inevitably, researchers became disenchanted with case
studies. Perhaps because case studies were much more common than rigorous single
subject design studies, researchers tended to disregard individual-focused investiga-
tions altogether, shifting increasingly toward group-level designs. Thus, it may be
argued that the paradigmatic shift away from individual-focused research could be
typified excising the weaknesses of the case study at the expense of important sin-
gle subject design research. This paradigmatic shift was also facilitated by statistical
advances most easily applicable to between-group designs.
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Group Experimental Designs

Eventually, scientists became increasingly interested in studying human (as well as
interspecies) variation [8]. Researchers began to note that many important human
attributes, skills, and abilities varied along a standard normal or “bell” curve, and
the need for selecting qualified military recruits in the 1900 s led to increased focus
on intelligence testing [9]. The researcher’s locus of observation had shifted from
intra-individual to inter-individual differences.

This changing focus in methodology was also catalyzed by several important sta-
tistical discoveries. Pearson and Galton worked to advance the field of descriptive
statistics, through their work on correlation, regression, and chi-square tests [10].
Ultimately, these techniques were expanded, with correlational techniques provid-
ing the foundation for later work on factor analysis, which was used predominantly
in studies analyzing individual differences in personality traits and cognitive abili-
ties. Thus, the development of descriptive statistics aided the quantification of indi-
vidual differences.

During the early 1900 s, the initial publications on inferential statistics also began
to appear. While working for the Guinness brewing company, Gosset began devel-
oping formulas for monitoring quality assurance of brews, and drawing heavily
on the correlational work of Pearson in discovering formulas for comparing group
means [11]. Although his statistical work was considered a part of trade secrets of
his employer, in 1908 Gosset detailed his findings on t-tests (publishing under the
pseudonym “Student” to protect himself from legal liability). These t-tests allowed
for comparing a sample mean to a population mean or to other samples. Yet, the
importance of t-tests was not fully realized until the later work of R. A. Fisher.
In laying the foundation for inferential statistics, Fisher documented how proba-
bility could be used to determine the reliability or significance of results [12]. In
particular, for t-tests and other related statistics, probability values could be ascer-
tained describing the odds that observed mean differences could be obtained by sam-
pling error, the chance variation that occurs across samples. Researchers now had a
method for determining whether groups differed based on the probability that mean
differences were due to sampling error and this statistical advancement may have
led to greater reliance on the between-group methodology. The statistical power
of a study, or its ability to detect an effect when it is present, increases with sample
size; that is, larger N studies are better able to detect differences yielding more accu-
rate results. The findings of studies with small sample sizes were increasingly crit-
icized, as a result of this advancement. Publishing trends in the 1930 s documented
a rapid shift away from small-sample studies toward large-sample studies, drawing
upon inferential statistics [13, 14]. Too often replacing the approach of control-
ling for variation through precise experimental control, researchers began averaging
individual differences through increasing sample sizes and statistical techniques.

Return to Single Subject Designs

A number of researchers hold that single subject designs can overcome some limi-
tations inherent in between-group designs [15]. Ethically, between-group designs
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were disadvantaged when using control or waitlist conditions that denied some
patients useful treatments. Because the between-group design relies on large sam-
ples to average out (i.e., sum over) individual differences, several pragmatic con-
cerns also arose. Specifically, at times it is difficult to find a large number of patients
who have unique demographics or suffer from rare diseases. Furthermore, large N
studies can be time consuming. One of the consequences of the time consuming
nature of large N research is the difficulty in studying public health crises, for exam-
ple. Additionally, the exorbitant financial costs of large-sample research often limit
who is able to conduct such projects, at times risking an ethical dilemma with the
linking of the researcher and the funder in mutual vested interests in the results. For
example, funding from pharmaceutical companies is often needed to conduct the
multi-million dollar research necessary for evaluating the same drugs those compa-
nies produce [16].

Beyond the ethical and pragmatic limitations of between-group designs, there
are also methodological reasons for using the single subject approach. Basically, the
two approaches have different methods for handling variability in outcomes. For the
between-group design, rather than attempting to bring differences in outcome under
experimental control, the researcher averages out differences in outcomes by using
large samples. Within this methodology, the researcher seeks statistical control over
error, rather than experimental control to reduce error. This strategy is problem-
atic for two reasons: (1) statistical power and sample size are related, with larger
samples at times leading to significant but very small effects with little pragmatic
value and (2) it discourages the researcher from strategically modifying treatment
(i.e., response guided experimentation) that may positively impact most if not all
the patients. In a between-group design, a treatment condition can produce a sta-
tistically significant outcome that is more advantageous than a control condition,
but this difference is based on mean differences, that is, the treatment could benefit
some patients but not others.

In contrast, the single subject design methodology permits the researcher to exer-
cise extra control over the intervention. If a participant does not respond to a partic-
ular treatment, a desired effect may be achievable through a modification or change
in the treatment through response guided experimentation (See Chapter 5 for further
discussion of this approach).

Beginning in the 1930 s and expanding rapidly in the 1950 s and 1960 s, Skinner
helped pioneer small-sample research. Given the above criticisms of between-group
studies, Skinner emphasized studying the individual to determine lawful models
of behavior. He drew heavily upon animal research, often using pigeons or rats,
to uncover fundamental learning principles that could then be applied to humans
[17-19]. Inevitably, similar procedures for modifying behavior were applied to indi-
vidual human subjects. Within the realm of applied behavior analysis, single subject
design studies began examining methods for modifying behavior of individuals with
diverse psychological problems, including stuttering, learning disabilities, mental
retardation, and psychotic symptoms [20].

More recently the single subject design methodology has extended beyond the
fields of psychology and education to biomedicine; for example, single subject
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designs may be nested within larger clinical trials to increase compliance and
answer more detailed questions [21]. Single subject designs are particularly useful
for answering questions regarding rare diseases, side effects, unique populations,
emergency situations, and isolated environments, in which between-group designs
would be unfeasible or impractical [22, 23]. This methodology is also particularly
suited for primary care practice-based research, where practitioners can tailor indi-
vidualized treatments to improve outcomes [23, 24].

Sources of Internal Validity Threats

Internal validity refers to the strength of inferences that can be made regarding the
relationship between two variables. Depending upon the methodology employed,
at times the inferences may be causal. Within the context of biomedical research,
internal validity typically refers to the extent to which observed outcomes can be
attributed to the intervention. For example, consider a psychiatric pharmaceutical
trial for treating major depression. If the methodology of the study supports strong
conclusions about the ability of the treatment medication to lessen depressive symp-
toms, then it may be concluded that the study has internal validity. Internal validity is
weakened to the extent that the results can be challenged by methodological pitfalls
or alternative explanations. For example, if the study did not include proper controls,
the causal effect of the specific medication on the outcome could be questioned.
Basically, the internal validity of any research finding, including biomedical find-
ings, can questioned because of the inherent methodological limits of the research
design being used. Therefore, it is best to view internal validity on a continuum,
with each methodological approach containing strengths and weaknesses.

Causation

In order to assess the internal validity of a study, it is foremost to understand what is
meant by “causation”. Hume was the first to articulate a precise definition of causa-
tion, noting that a causal relationship could only be inferred when three conditions
were present: temporal precedence, covariation, and no plausible alternatives [25].

Most importantly, the causal variable must precede the effect (i.e., temporal
precedence). In a drug trial, for example, the observed effect is noted to only occur
after the treatment has begun. Typically, establishing temporal precedence in exper-
imental studies, such as single subject and between-group designs, is relatively
straightforward, assuming the experimental manipulation occurs before the change
in symptoms. In contrast, causality is more difficult to establish in non-experimental
research (e.g., quasi-experimental and systematic observation studies) because it is
difficult to establish temporal precedence.

Secondly, for a determination of causality, there must be covariation between
the cause and effect; that is, the effect must be more likely to occur when the pre-
sumed causal variable is present than when it is absent. For example, medication
use covaries with a reduction in depressive symptoms if symptoms decrease more
when medication is administered than when it is not administered. The magnitude
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of covariation is indicated using various measures of effect size, such as Pearson’s r,
Cohen’s d, or other statistics [26]. However, often more concrete examples, such as
changes in actual recorded values or well-constructed graphics, may be just as infor-
mative. Finally, causation can only be inferred if there are no credible alternative
explanations. For example, if a psychiatric drug and a placebo similarly impacted
depressive symptoms, it could not logically be argued that the drug had any specific
antidepressant effects. Generally, of the three criteria, ruling out alternative expla-
nations is the most difficult to meet.

Within the context of medical research, Hill introduced a list of nine points
researchers should consider in evaluating evidence for causation, including the
strength of the relationship, consistency across contexts, specificity of effects upon
unique outcomes, temporal order, biological gradient or dose-response relationship,
theoretical and biological plausibility, coherence with historical evidence, supple-
mental experimental evidence, and analogous findings for related interventions [27].
Other researchers have proposed similar lists, and researchers frequently choose
a subset of the nine points as criteria for evaluating causal assertions in research
studies [28-30].

Properly designed and executed, single subject designs can be useful in provid-
ing evidence for internal validity and may be particularly useful within primary care
practice-based research [23, 24]. Specifically, experimental control may allow for
the determination of large effects. Consistency across situations can be determined
by using multiple baselines. Changing criteria designs can be implemented to assess
the specificity of interventions upon particular outcomes. Multiple phases, involv-
ing the titration of dosages, can also be used to demonstrate a dose-response rela-
tionship. Thus, because the single subject design is often more dynamic, flexible,
and customized than the between-subject design, the single subject design may be
able to provide more credible evidence of internal validity than the between-subject
design. However, in order for single subject researchers to establish internal validity,
it is important that potential threats to internal validity be recognized and controlled
when planning their research studies.

Sources of Threats to Internal Validity

This section includes a primer on the well-recognized threats to the internal validity
of research studies in general [15, 31-33]. In subsequent sections, more information
will be provided on how these threats are likely to occur in the between-groups and
single subject designs (Table 3.1).

Mortality

Mortality threats refer to a collection of concerns surrounding patient screening,
death, or drop out. In clinical trials, researchers frequently screen patients prior to
selecting them for the study, with examples including length of time since diagnosis,
severity of symptoms, comorbidities, or demographic features. Although selection
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Table 3.1 Threats to internal validity

Threat Description
Mortality The inflation of an observed effect due to participant drop out,
non-random selection, or the omission of select trials.
Regression No measure is perfectly reliable, so extreme scores generally
toward the normalize over time, generating spurious effects.
mean
Maturation An observed change is due to developmental changes rather than the
experimental intervention.
History An observed effect is due to a historical event rather than the

Testing effects

treatment.

Rather than a controlled intervention causing changes, the
measurement procedures themselves unintentionally alter future
scores.

Instrumentation Unintended changes to the measurement instruments may impact
changes in the outcome measures.
Withdrawal When interventions that produce tolerance are withdrawn, they may
reactions produce side effects that mimic or aggravate the original condition,

Social-cognitive

exaggerating the appearance of treatment effects.
Social interactions with investigators or other participants can foster

effects changes in thinking or behavior that impact treatment effects.
Residual Because measurement instruments contain error, any effort to
confounding statistically or methodologically control for internal validity threats

and other confounds will be imperfect.

criteria invariably impact the external validity, or generalizability, of results, they
may also impact the internal validity of results when screening procedures are used
to select patients who have an elevated probability of biased responding to the treat-
ment. A clear example of this was shown in an SSRI study by Dimidjian, Hollon,
and Dobson [34] in which patients were excluded from the study if they had failed
to respond favorably to a trial of paroxetine within the past year. This most likely
biased the results by only including patients with a greater probability of respond-
ing favorably [34]. Screening effects can occur in between-group and single subject
designs, although screening may be more likely in large experimental designs, such
as randomized clinical trials.

Among patients selected for the study, some may drop out or, unfortunately, die.
Drop out, particularly noninformative drop out, can pose substantial limitations for
the internal validity of clinical trials. If drop out rates vary across experimental con-
ditions or occur for different reasons, namely informative drop outs, observed treat-
ment effects may be due to individual differences between patients, rather than to
the experimental manipulation. For example, in a medication trial, patients in the
treatment group may be more likely to drop out than those in the placebo group,
due to an increased level of side effects. Patients opting to continue with the experi-
mental medication may be above average in terms of level of responding, making it
difficult to compare them to the control group. For single subject designs, drop out
and death are probably less likely to occur. Furthermore, because the single subject
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design incorporates the possibility of changing the treatment during the experiment,
the researcher can more easily respond to adverse events, such as side effects, by
quickly modifying treatment. For example, in the context of primary care, this might
involve altering a dosage or prescribing a secondary medication to manage a side
effect. Occasionally single subject design studies have been nested within larger
clinical trials, and they have been shown to dramatically reduce drop out [21].

Regression Toward the Mean

When measures are administered across two or more time points, initial scores that
are extreme tend to regress toward the mean. In essence, high scores are likely to
decrease and low scores are likely to increase. This statistical reality can create the
appearance of treatment effects, when in fact there are none.

All scores represent the sum of two components, true variance and error vari-
ance. For example, any patient’s fasting blood glucose level would be caused by
their stable level of glucose as well as erroneous factors, such as measurement
error (i.e., accuracy of the glucometer) or day-to-day variation (e.g., postprandial
versus preprandial measurements). One possible reason for extreme scores is error
variance; that is, extreme scores are due in part to uncontrolled, unmeasured, or
“chance” variation. Because this variation is not systematic, it is likely to lead to
reduced scores on a later re-test. Regression toward the mean, therefore, is a prob-
lem for studies examining change over time, when patients have been screened to
score high on some diagnostic measure, such as having elevated glucose levels. Any
symptomatic reduction could be due in part to regression rather than treatment. In a
randomized experimental design, the inclusion of a control group aids in minimiz-
ing this threat; however, the problem is that regression may be disparate between
the experimental and control groups. If the treatment group has greater initial symp-
tom severity than the control group, patients may be more likely to drop out of the
control group, and the apparent treatment effects will be inflated.

Regression can also lead to limitations for single subject designs. Regression may
create difficulties for establishing a stable baseline prior to treatment. For example,
a patient’s level of depression may continue to gradually decline before treatment
is introduced. This problem can be overcome by increasing the baseline period,
though this option may not be practical. An additional problem arises for the simple
A-B design, where symptom reduction during phase B may be due to regression.
This threat is less noteworthy when symptom reduction occurs steeply at the intro-
duction of treatment. Furthermore, regression can be overcome by using a reversal
design, in which treatment is withdrawn and then re-implemented when feasible. In
fact, because the single subject design can include several reversals and is designed
to increase control, this methodology can provide significant advantages for coun-
tering the threat of regression. In the case of randomized clinical trials, repeated
reversals may be expensive and impractical, so single subject trials offer a prag-
matic alternative for addressing regression threats.
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Maturation

An observed effect within a study could potentially be explained by naturally-
occurring developmental processes within the organism. The most general type of
maturational threat involves aging itself, though specific developmental changes in
perceptual skills, cognitive abilities, social skills, emotional functioning, strength,
and metabolism are worth considering. These threats are particularly important
for long-term studies or studies involving groups undergoing rapid developmental
changes, such as children, older adults, pregnant women, and people with degen-
erative diseases. For between-group experimental designs, this threat is important
to consider when groups differ on major demographic variables, such as age, sex,
gender, ethnicity, race, or socioeconomic status, which are intertwined with devel-
opmental variables. In biomedical studies, more specific variables need to be con-
sidered, such as initial group differences in the severity or likely course of the illness
(e.g., allele frequency, ethnic differences, duration of disease, etc.).

Thus, it is important for researchers to measure these variables and attempt to
ensure that patients are equally matched across groups. Unfortunately, the number
of potential extraneous variables can be quite large, and whether using random-
or matched- assignment, it can be difficult to ensure that patients are similar on
these variables across groups. For example, consider a study comparing medication
to placebo in treatment of depressive symptoms: Patients may differ on a number
of health-related maturation variables that could affect responsiveness to treatment,
such as the diagnostic classification (e.g. major depression versus dysthymia or Type
I versus Type II Diabetes Mellitus), predominant symptoms (e.g., low mood versus
anhedonic), and psychosocial underpinnings (e.g., introjective versus anaclitic), in
addition to core demographic variables.

Maturational threats are important to consider in simple single subject designs
(e.g. A-B or A-B-A) in which phase changes might inadvertently correspond with
maturational changes. However, as the design becomes more complex or contains
an increased number of reversals (e.g., A-B- A-B-A-B), the possibility that a mat-
urational process would repeatedly correspond with the treatment effect is dimin-
ished. It is a perplexing oversight that more research has not been conducted in
this regard, particularly for the study of rare medication side effects. During the past
decade there has been a heated debate over whether SSRIs increase violent behavior
or suicidality in some patients [16]. This question is difficult to answer using ran-
domized controlled trials because the side effect is relatively rare, there are ethical
issues surrounding the investigation of the research question, and studies with ade-
quate statistical power would be prohibitively expensive to conduct. Dozens of case
reports have been described, but maturational threats limit the internal validity of
these anecdotal findings; that is, it can be difficult to determine whether increased
suicidality is due to the medication or merely the progression of the depression.
However, a single subject design study could be used to address this important
question. For example, a physician or a practitioner could monitor increases or
decreases in suicidality in response to changing doses (e.g., A-B;-B2-B3), chang-
ing medications (e.g., A-B-C-D), or the addition of a secondary prescription, such
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as a benzodiazepine (e.g., A-B-B-C). Although such medication changes are often
conducted by physicians or practitioners as a part of treatment, they frequently lack
precise measurement of symptoms or control of treatment duration. Where poten-
tial side effects may mimic the developmental course of a disorder, single subject
designs afford unique opportunities for documenting and minimizing side effects.
Because rare side effects are overshadowed in large, randomized controlled trials,
single subject studies can have important legal and public safety ramifications.

History

The history threat refers to any event occurring at or before the time of the exper-
iment that might confound the results. History threats are similar to maturational
threats, except that the locus of the potential confounding factor is described as
external to the patient, rather than as an internal developmental process. Exam-
ples include important life events, such as the death of a loved one, a marriage
or divorce, changes in employment, diagnosis of a chronic disease, or an illness.
Within the context of biomedical research, it would be important to examine his-
torical variables such as, personal history of other medical problems, family health
history, and presence of environmental stressors. Similar to maturational threats,
history threats are important to consider in between-group studies, particularly in
quasi-experimental research, where groups may differ on important historical vari-
ables. Again, the researcher should make efforts to measure and control for these
historical variables, such that the confounding is eliminated or minimized. As with
the benefits of controlling for maturational effects using single subject designs the
same benefits apply to history effects, especially when repeated reversals are used.

Testing Effects

As the founder of quantum mechanics, Werner Heisenberg, once remarked, “We
have to remember that what we observe is not nature herself, but nature exposed
to our method of questioning.” It can be nearly impossible to measure any human
quality without altering the participant, and testing effects refer to any potential con-
found that occurs merely because the manner in which the participant was assessed.
This is particularly a problem for studies involving repeated measurement, which
is why testing effects have been variously referred to as progressive errors or car-
ryover effects. When outcome measures are based on judgment raters or self-report
measures, there is a heightened potential for testing effects. For example, at pre-
treatment a patient may provide a self-report assessment that refers to a high degree
of likelihood of depression. The act of merely completing the assessment may pro-
vide some degree of abreaction that alleviates depression, and at post-treatment the
patient may report decreased depression, even if the cause of the decrease was the
testing device and not the treatment itself. Thus, self-report ratings may be biased
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due to introspection. Additionally, various performance-based tests, whether a car-
diac stress test or an intelligence test, are prone to a special type of testing threat,
namely practice effects; that is, improvements over time may be due to increased
familiarity or growth resulting from prior testing. In contrast, when prior testing
depletes or diminishes physical or mental resources, declined performance may be
the result of fatigue effects. Physically invasive procedures may also cause testing
effects, for example, by alleviating pain or causing physical deterioration; thus test-
ing effects can be either positive or negative. To combat this threat, control groups
are generally used in between-group designs and multiple control phases in sin-
gle subject designs, allowing the researcher to see testing threats in absence of the
treatment.

Instrumentation

An instrumentation threat occurs when an observed effect might be due in part to
inconsistencies in the testing device, raters, judges, or other instrumentation devices.
This threat may occur when testing instruments are not standardized across groups
or phases, such as non standardization of glucometers. Treatment effects could be
exaggerated if the study draws upon inaccurate instruments for measurement of
the outcome. To combat this threat, researchers should have quality-control stan-
dards in place, documenting the measurement equivalence of instruments across
patients, groups of patients, or phases. Additionally, repeating phases in a single
subject design can facilitate more confidence that the results are valid and do not
contain measurement error.

Withdrawal Reactions

There are three central reasons why outcomes may worsen in response to the
removal of a treatment [35]. First, original symptoms can reappear, often called
relapse. Second, psychological factors or expectancy effects can cause the out-
comes that are expected. Third, the withdrawal of some medications can cause
rebound effects, aggravating symptoms beyond their original level, and although
withdrawal reactions are frequently neglected, they can lead to an overestimation
of treatment effectiveness. Many medications cause some degree of tolerance; that
is, through feedback mechanisms the body regulates its own systems to compen-
sate for actions caused by a medication. For example, in response to long-term use
of synthetic steroids, the body compensates by producing fewer natural steroids,
or engaging in other compensatory mechanisms. When a medication is then dis-
continued or substantially decreased, the body may have a diminished capacity
for using its own natural resources, which can lead to symptom increases. Ben-
zodiazepines, for example, are often used to treat symptoms of negative affectivity
because they facilitate GABA transmission, producing a sedating effect. However,
over time the body compensates for the medication by downregulating receptors for
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GABA, minimizing the effects of the medication. Because the body compensates
by dampening its own mechanisms for producing sedation, the abrupt withdrawal
of a benzodiazepine would likely lead to a marked increase in anxiety, especially
in comparison to the initial symptoms. Withdrawal reactions are common for vari-
ous types of sedatives, stimulants, antidepressants, and antihypertensives [36]. Fur-
thermore, there is considerable variability across individuals. Withdrawal reactions
can pose problems for evaluating the internal validity of between-group and sin-
gle subject designs. In between-group designs, often before beginning the study
trial, patients go through a washout period in which all medications are withdrawn.
Sometimes this washout phase is also used to measure initial symptoms; however,
such an approach is problematic because symptoms during the washout phase would
be exaggerated due to withdrawal reactions. If study outcomes are evaluated against
baseline data collected during a washout phase, results will overestimate treatment
effectiveness or efficacy. Within single subject designs, this problem is particularly
important, especially if a medication is repeatedly compared to a placebo (e.g. A-
B- A-B-A-B-A-B). If withdrawal reactions occur during the placebo phases, results
would overestimate the benefits of the medication. Notably, withdrawal reactions
dissipate overtime, so the solution to this problem is to ensure than non-treatment
phases are lengthy enough to allow for symptoms to stabilize after withdrawal reac-
tions dissipate. Unfortunately, physicians and researchers have failed to heed this
threat, often using brief phases for studies involving stimulants [37, 38].

Social-Cognitive

Social-cognitive threats refer to the ways in which processing of social situa-
tions can potentially bias results. Examples include diffusion effects, compensatory
rivalry, patient reactance, and self-fulfilling prophecies. Diffusion effects refer to
any instance where components of an intervention inadvertently spread across
groups or phases. In a between-group design, this could occur when patients in
the control condition learn about a treatment option (e.g., exercise) and begin incor-
porating it into their own lives, with the consequences of reducing the differences
between the conditions. For a single subject design, this may occur if a patient con-
tinues to self-administer a particular treatment during a non-treatment phase. To
minimize diffusion threats, the researcher should emphasize to patients the impor-
tance of following protocols, provide incentives for following protocols, and use
fidelity checks to monitor adherence to the protocol.

Compensatory rivalry occurs when patients increase motivation in a control con-
dition to document their own personal strength or impress the researcher. This
threat can occur in a between-group design when patients are aware they have been
assigned to a control condition or in a single subject design during a baseline or
non-preferred treatment phase. The researcher can deal with this threat by using the
tactics for managing diffusion effects and also by encouraging patients to act as they
typically do act, neither increasing nor decreasing their motivation.
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In addition to improving their performance in a control condition, the results may
also underestimate true effects if patients decrease their motivation in a treatment
condition (i.e., patient reactance). Patient reactance can occur when participation
is non-voluntary or when treatments are uncomfortable, time-consuming, or aver-
sive. Although this limitation can occur in both between-group and single subject
trials, the benefit of the single subject design is that a more individualized treatment
plan can be implemented. Single subject studies have been shown to improve both
treatment fidelity and outcome [21].

Further, self-fulfilling prophecies occur when patients’ or researchers’ expecta-
tions lead them to bring about the expected result. Often, self-fulfilling prophecies
are discussed within the context of placebo or allegiance effects. Placebo effects
occur when an intervention works solely or in part because patients expect it to
work. Placebo effects have been most widely documented within the context of
pharmaceutical research, but placebo effects can occur within the context of any
type of intervention, from behavioral programs to cardiac surgery. It has been shown
that placebo effects improved the outcomes in approximately 75% of biomedi-
cal studies [39, 40]. Similarly, allegiance effects occur when researchers’ biases
and expectations lead to more desirable results for a favored treatment. To guard
against these threats, control conditions are often used. In single-blind (single-
masked) procedures, the patient is unaware of the assignment, and in double-blind
(double-masked) procedures, the patients and researchers administering the treat-
ment are unaware of the assigned conditions. However, these methods of combat-
ting expectancy effects have limitations. Even in double-blind (double-masked) ran-
domized controlled trials, approximately 75% of patients and researchers are often
accurate in guessing whether a placebo or actual treatment was being used [41].
Additionally, in a meta-analysis of antidepressants, McKay, Imel, and Wampold
[42] found that allegiance effects actually account for more variance in outcomes
than treatment. Further, merely using a “placebo” cannot control for all possible
placebo effects. For example, many pharmaceutical studies use “inert” placebos,
such as sugar pills or empty capsules, which have no major physiological effects
and do not produce side effects. In contrast, “active” placebos can be chosen that
produce mild physiological effects, such as increased autonomic arousal. Because
active placebos are more difficult to distinguish from actual treatments, they produce
placebo effects that are substantially larger [43]. To the extent that studies use weak
placebo conditions, they will overestimate the efficacy of treatments, a disconcert-
ing finding, given the high frequency of inert placebo use in randomized controlled
trials.

Residual Confounding

To address threats to internal validity, researchers will often statistically or method-
ologically control for confounding variables. For example, in a randomized con-
trolled trial, despite random assignment, the two groups of patients may differ
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slightly in terms of initial symptoms, particularly if the sample size is small. Because
this threatens internal validity, the researcher could statistically control for initial
differences in symptoms. However, the ability to control for a confounding vari-
able is only as strong as the researcher’s ability to measure the variable. When a
researcher fails to completely control for a third variable as a result of poor mea-
surement, some portion of the confounding effect remains, known as residual con-
founding. Residual confounding has been frequently documented in epidemiolog-
ical studies, where researchers face the difficulty of determining the relationship
between two variables by partialling out the effects of various confounds. Attempts
to statistically control for confounds are also common in between-group designs,
specifically to control for baseline individual differences across groups. However,
the threat to internal validity will remain if the confounding variables are poorly
measured. Sometimes researchers will methodologically control for confounds; that
is, rather than statistically controlling for differences in socioeconomic status and
age, for example, exclusion criteria are used to ensure that patients are relatively
homogenous. The extent to which patients are similar on confounding character-
istics is the degree that those confounds will be controlled. Again, however, the
ability to methodologically control for threats is only as strong as the quality of the
measures used for excluding patients.

Threats to External Validity

Internal validity refers to the extent to which the researcher can infer causality
between the independent and dependent variable. In contrast, external validity refers
to the strength of results generalizing to other contexts. Most often, studies are con-
ducted to produce generalizable knowledge; that is, whether the results of a study
can be applied to similar cases and settings. Like internal validity, support for exter-
nal validity is best viewed along a continuum. Typically, between-group studies are
considered to have better external validity than single subject designs, but there are
several techniques for countering this limitation [15, 23, 24, 31, 32]. The following
sections describe how external validity differs across several contextual variables
(Table 3.2).

Generalizability Across Subjects

An important consideration in evaluating the results of a study is whether the inter-
vention will be similarly effective for different patient populations. This includes
whether the results are similar across demographic groups based on age, sex, gen-
der, race, ethnicity, socioeconomic status, among others. Also, researchers should
consider whether results would be similar across individuals with different diagnos-
tic characteristics, such as differences in onset, severity, allele frequency, disorder
classification, or type of symptoms. Researchers may also be interested in whether
results will generalize to patients with different, but related, diagnoses. Often,
between-group studies are considered to have superior external validity across this
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Table 3.2 External validity across Contextual Dimensions

Dimension Description

Subjects Results may differ across patients with different demographic
characteristics, symptoms, or diagnoses.

Physicians/practitioners Practitioner training, skill, experience, and fit may moderate
results.

Settings Results may be impacted by treatment handled in different

locations or centers, along with implementation outside the
research context.

Time Results may vary depending on the time of day of the
implementation, duration of the study, and historical
context.

Outcomes The results of a study depend on the manner in which outcomes
defining success are quantified.

Treatment The effectiveness of a treatment may vary substantially,

interactions depending on potential interactions with concomitant
interventions.

dimension because results are averaged across (i.e., summed over) a large number
of patients [44]. However, as previously discussed, group means will not be predic-
tive for all patients and demographic groups [15, 31]. When sample sizes are large
enough for adequate power, a consideration of subgroup analyses is appropriate to
examine whether the effectiveness of treatment is moderated by key demographic
variables.

The ability to produce results that will generalize across patients is often con-
sidered a key limitation of single subject design studies. In only using one patient,
it may be difficult to determine how the treatment would affect others. There are
two methods for addressing this limitation: (1) the use of a prototypical patient or
participant. This approach can be used to document that a treatment will work for a
typical patient case; and (2) replication across a series of patients or participants. If a
researcher can demonstrate that a treatment is similarly effective across a handful of
diverse patients, practitioners can be more confident that the results will generalize
to patients with other characteristics. Whereas the between-group design researcher
merely attempts to average individual differences in treatment outcome, the single
subject design researcher aims to exercise experimental control over treatment out-
comes, modifying an intervention until the desired level of success is obtained. In
this regard, single subject design studies may report on innovative techniques for
obtaining desired outcomes for patients who might not respond to a generic inter-
vention implemented in a between-group design.

Generalizability Across Physicians or Practitioners

The degree to which results vary across physicians or practitioners likely depends
on the domain of research. For behavioral interventions, such as psychotherapy,
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or performance-based interventions, such as surgery, the physician or practitioner
plays a more important role than when treatment is self-administered by the patient,
such as with medication. Of course, even with medication, the physician or prac-
titioner can play an important role in moderating results [42]. In a single subject
design, when it is important that results generalize across different physicians or
practitioners, it may be useful to draw upon the multiple baseline design, extending
the intervention to different physicians or practitioners one at a time.

Generalizability Across Settings

The setting in which an intervention is implemented can play an important role
in the generalizability of results. Generalizability across settings is related to other
contextual variables because different treatment centers have different patient pop-
ulations and types of practitioners. Additionally, due to priming effects, the power
of an intervention can also depend on contextual cues. Interestingly, when a medi-
cation is repeatedly taken within the same environment, the human body becomes
primed to downregulate the response to the medication. In a novel environment,
such cues are absent, so priming does not occur, and the medication may have a
stronger impact, evidenced by the frequent overdose rates in individuals who abuse
drugs when placed in novel environments [45]. Thus, researchers should keep in
mind that interventions may have a more potent effect in novel environments.

Finally, it should also be considered whether similar results would be obtained
in a non-research setting. A research setting is unique in that there is a greater pres-
ence of social-cognitive variables, such as diffusion effects, compensatory rivalry,
patient reactance, and self-fulfilling prophecies, including placebo and allegiance
effects. To the extent that these factors differ across settings or practitioners, the
generalizability of results will be affected.

Generalizability Across Time

There are three ways in which results may vary due to temporal variables. At the
simplest level, the researcher must consider whether the time of day will play a role
in the results. This threat is particularly critical when medication or other interven-
tions act only for a few hours, when outcomes may be affected by metabolic activ-
ity, or when the setting (e.g., home, school, or work) can affect outcomes. Although
between-group designs may be relatively restricted in terms of design constraints,
the single subject design affords important opportunities for handling this threat.
Through the use of a multiple-baseline design, the researcher can examine whether
the intervention varies in effectiveness throughout the day and potentially adjust the
intervention accordingly. Additionally, it should be considered whether an effec-
tiveness or efficacy of the intervention varies as a function of the duration of the
study, and specifically when the final outcome measure is obtained. Whereas one
treatment may outperform another in the short-term, it may prove inferior in the
long-run. Finally, it should be noted that any study is conducted within a historical



Summary 41

context, and the intervention that is most effective today may not be in the future.
The evolving nature of science assures that new and better treatments will continu-
ously develop.

Generalizability Across Outcomes

Results may vary depending on the particular outcome measure that is used. This
threat is important to consider because any particular intervention may have its own
strengths and weaknesses. Convincing evidence for an intervention’s external valid-
ity would come from evidence showing that the intervention is effective across mul-
tiple relevant outcomes. In this regard, single subject designs may have a slight
advantage. Specifically, if an intervention only improves scores on one outcome
measure, the intervention can be repeatedly altered until criterion levels are obtained
on all relevant outcome measures.

Generalizability Across Treatment Interactions

Researchers need to consider how the results will vary when an intervention is
implemented within the context of a treatment for other conditions. Many random-
ized controlled pharmaceutical trials examine treatments using only a single medi-
cation. However, in practice-based medicine, polypharmacology is common. Given
the number of deaths and side-effects caused by drug-drug interactions, the general-
izability of treatment outcomes in the context of other interventions can be difficult
to predict [36]. Because single subject designs afford possibilities for monitoring
patients more closely, they may prove useful in addressing this concern. Further-
more, single subject designs have been shown to be useful in reducing side effects
and increasing treatment adherence [21].

Summary

This chapter highlighted the historical and contemporary foundations of research
methodology as it applies to biomedicine and single subject research. Emphasis
was placed on the strengths and weaknesses of single subject and between-subject
designs. Although the single subject design affords a number of strengths, it has
historically been overlooked in favor of between-group designs, in part due to statis-
tical developments that catalyzed their use. Nonetheless, single subject designs can
indeed play an important role in biomedical research and practice, particularly as it
applies to internal validity. Despite the underutilization of the single subject design
due to external validity concerns, more contemporary methodological approaches
exist for overcoming these limitations, permitting the single subject design to play
a more valuable role in biomedical research and practice.
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Chapter 4
Evaluation and Analysis of Data Generated
from Single Subject Designs

The methodological sophistication of single subject designs has been discussed
since their introduction by R.A. Fisher in 1945 [1]. This chapter will cover the major
approaches used in evaluating and analyzing data from single subject designs, espe-
cially as applied to patient or clinical care, along with outcome research assessing
the therapeutic effect of the intervention (i.e., evidence based practice) [2]. Claude
Bernard, the father of experimental medicine, provided the broad foundation for
the application of the experimental method to practice-based research in medicine
[3]. Furthermore, he proposed that the use of statistical techniques to interpret data
should be cautioned. He held that statistics can only lead to probabilistic estimates,
which in his time were contrary to the prevailing philosophy that scientific laws
should possess deterministic certainty. Bernard also postulated that certainty could
ultimately be achieved with investigator insight and the application of rigorous
experimental controls. Although the use of statistics is commonplace and essential
in contemporary research, Bernard’s wisdom regarding the importance of conduct-
ing a sound study should not be ignored. Applying statistics to poorly conceived and
designed studies will not save or increase the validity of such studies; rather, it might
lead to some long lasting misconceptions that could negatively impact the welfare
of patients. The coverage in this chapter will focus on evaluation of the data that are
generated by single subject research and techniques for displaying and analyzing
data collected through single subject studies.

Experimental Control and the Single Subject Design

Barlow, Nock, and Hersen [4] argued that in order to establish clinical science,
it is important to determine the sources of variability in individuals. Variability
occurs within an individual (intra) and between individuals (inter). Determining the
sources of variability allows the researcher to reduce measurement error. In turn, this
approach allows for the establishment of a causal relationship between the indepen-
dent (i.e., intervention) and dependent (i.e., outcome) variables, thus enhancing the
internal validity (See Chapter 3).
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It is important that data collected by the researcher be as free as possible from
alternative explanations or hypotheses thus affording the researcher the ability to
state emphatically that the change in the dependent variable is due to the indepen-
dent variable and not to some other variable. In other words, the researcher should be
able to conclude that the study is internally valid [S]. It is critical that when conduct-
ing an experiment (defined as any study where the researcher has control over the
presentation or withdrawal of the intervention) special care is taken. Unfortunately,
it is rarely the case that the researcher can control or rule out all “other” variables;
therefore, the data are not entirely free from alternative explanations or hypothe-
ses. Consequently, a sound study is one in which the alternative explanations or the
threats to internal validity are not plausible [2].

The essence of any study, including single subject studies, is the utilization of
proper controls [6]. Rigorous controls minimize the role of error. Within the context
of a study, control refers to the ability of the researcher to influence or change (i.e.,
manipulate) the variables in a study. However, before one can apply the experimental
controls to a study, one must first identify the possible sources of error (i.e., extrane-
ous variables) in the methodology of the investigation. In other words, one needs to
evaluate the methodology used for the study, as the methodology dictates the condi-
tions for data generation. If there are limitations or flaws in the methodology, there
are likely to be limitations or flaws in the data that will likely impact study conclu-
sions. It is also important to note the unique features of single subject research and
their relationship to control. It is common practice in this type of research to repeat-
edly test one or a few patients over an extended period of time with multiple points
of evaluation (i.e., outcome measurement). Single subject research differs from the
more traditional between subjects large N research where randomization of patients
to interventions is used to control for individual differences. Rather, in single subject
research, control is achieved for individual differences through each patient being
used as his or her own control (intra-subject). Specifically, the researcher is com-
paring each patient’s outcome measure during baseline (pre-intervention) and inter-
vention. Although this is sound methodology for controlling individual differences,
one of the negative consequences of this approach is that there may be transfer, or
carry-over effects, from repeated treatments or interventions. Therefore, the unique
properties of single subject designs need to be recognized when attempting to con-
trol for extraneous variables.

An extraneous variable is defined as any variable which may impact the target
outcome, but it is not the intervention or treatment (i.e., independent variable) [7].
Extraneous variables threaten the internal validity of a study if the following con-
ditions exist: First, the extraneous variable is systematically related to the interven-
tion or treatment, or the variables co-vary; and second, the extraneous variable is
systematically related to the outcome. Uncontrolled variables that co-vary with the
intervention and influence the outcome produce a confounded study. In this case,
the intervention is not solely responsible for study effects, as multiple explanations
exist. For example, a major assumption in the popular A-B-A design pertains to con-
stancy of conditions, in which the only change from the baseline to the treatment, or
treatment to baseline, is the presentation or removal of the intervention. The study
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is of limited pragmatic value if this assumption is violated and the introduction of
the independent variable is correlated with the introduction of an extraneous vari-
able, which in turn influences the dependent variable. If there is covariation within
phases of a single subject study, then it is possible the study is confounded and
that the researcher influenced the outcome. For example covariation could occur if
one researcher collects the data during baseline conditions and another researcher
collects the data during the treatment condition. The results of such a study would
be highly suspect, given the lack of empirical evidence that the extraneous variable
does not influence the outcome. Finally, it should be noted that if there is no sys-
tematic relationship between the extraneous variable and intervention, then there is
no concern as to whether the extraneous variable influenced the outcome. Nonethe-
less, it is still important to control for extraneous variables, since these variables can
reduce the sensitivity of the intervention, therefore contributing to the random error
or noise in the study.

Techniques of Control

There are a number of general control techniques that can be used to eliminate or
reduce the influence of extraneous variables in a study [7]. These techniques will
be listed and described below. It is important to keep in mind that the techniques
are listed in terms of their power or ability to control extraneous variables. Also, It
would be useful to employ these techniques as a checklist for deciding what controls
to use in a single subject study.

Elimination

If an extraneous variable exists in the study and it can be identified, the first step
would be to determine if it can be removed from the study. If the extraneous variable
can be removed, then it will not confound the results. Unfortunately, this technique
cannot be used very often because most extraneous variables are an integral part of
the study setting. For example, it would be impossible to eliminate the medical his-
tories of the patients. If it is unlikely that an extraneous variable can be eliminated,
there may be potential extraneous variables that can be reduced to levels where it
is highly unlikely to have any effects. For instance, the ambient noise levels can
be reduced in a research setting, eliminating this variable as an extraneous variable
impacting the setting.

Constancy

If the extraneous variable cannot be eliminated, an attempt should be made to hold
constant the extraneous variables. Constancy is achieved when the identified extra-
neous variable occurs in all of the phases or conditions of the study with the same
quantitative properties. Many potential extraneous variables can be controlled using
this technique. For example, it is important to make sure the study is conducted in



48 4 Evaluation and Analysis of Data Generated from Single Subject Designs

the same setting for each patient, testing occurs at approximately the same time of
the day, instructions are standardized, and testing is completed by the same recorders
or evaluators.

It is also important to recognize that constancy is a very useful principle to
apply even before the actual start of the study. It is common for some patients to
exhibit physiological (e.g., increases in blood pressure) and psychological (e.g.,
increases in anxiety) anticipatory signs before entering the actual study environ-
ment. In essence, simply waiting to be tested may ultimately reduce the sensi-
tivity of the treatment or intervention leading to Type II errors (i.e., the failure
to detect an actual effect). Therefore, constancy can be a valuable technique to
use for the entire single subject environment. Although constancy is an excellent
control technique that can be used to manage extraneous variables, it is not fool-
proof. For example, even though all patients are tested at the same time of the
day, it does not follow that all will respond in the same manner to the same test-
ing time. Additionally, as discussed in Chapter 3, attempts to control for confound-
ing variables are ineffective to the extent that they suffer from poor measurement
reliability.

Balancing

If extraneous variables are not amenable to the technique of constancy, it may be
possible to use balancing. In the case of balancing, the extraneous variable is equal-
ized across the conditions or phases of the study. It is important to distinguish
between balancing and constancy. For example, in an A-B design, if constancy is
being used to control for the testing environment, all patients would be tested in
this same testing environment. On the other hand, due to practical necessity, the
researcher may be required to test in more than one setting. In this case, it would
be important to balance patients across the research settings. This could be accom-
plished by randomly assigning patients to treatment settings with the restriction that
an equal number be placed in each treatment environment. Not only have extrane-
ous variables been controlled using this technique, but the effects of the extraneous
variable can be assessed by comparing the target variable across the settings. It is
important to note that balancing and constancy achieve the same objective of con-
trolling for the extraneous variable, but constancy is a more powerful technique. In
comparison to balancing, constancy results in little if any variance in the extraneous
variable across the phases of the study. When error variance or noise in the study is
reduced, the accuracy and validity of the results increase.

Counterbalancing

Counterbalancing is more likely to be used in single subject designs than bal-
ancing. In contrast to the latter technique, counterbalancing is used when each
patient serves in two or more treatments or conditions (i.e., a repeated measures or
within-subjects design). Counterbalancing is frequently used when the researcher



Interventions (Independent Variables) 49

suspects carry-over or order effects will occur across the treatments. This affords
the researcher the ability to assess the effects of the treatments, since the treatments
are not contaminated by the order in which they are presented. For example, the
physician or researcher may be interested in testing the therapeutic effectiveness of
three different medication dosage levels. In this A-B-A-C-A-D design, the baseline
(A) is established and reestablished after each level of the treatment is administered
(B, C, and D). Counterbalancing can be achieved by first determining the number of
permutations or orders among the treatments. In this case, we have three treatments.
Using the expression, n! = n(n—1) (n-2) until (n—(n+1)), where n equals the num-
ber of treatments, the number of possible orders is six. The six orders are B-C-D,
C-D-B, D-B-C, D-C-B, B-D-C, and C-B-D. Note that each treatment precedes and
follows every other treatment an equal number of times. Unfortunately, a minimum
of six subjects would be needed to use this form of counterbalancing (called com-
plete counterbalancing). Patients would be randomly assigned to the orders or the
sequences of the treatments. If it is not practical to use six patients, then the number
of patients required may be reduced by randomly selecting a subset of orders (called
incomplete counterbalancing). Since not all permutations are represented in incom-
plete counterbalanced designs, as compared to complete counterbalanced designs,
the strength of the incomplete counterbalanced design is less than that of the com-
plete design. The major assumption of counterbalancing is that the effects of order
will balance out; for example, the effects of B on C will equal the effects of C on
B (symmetrical transfer). Unfortunately, it is possible to find asymmetrical trans-
fer, in which transfer differs depending on the order (See McGuigan [7], for a more
in-depth discussion of counterbalancing).

Randomization

Randomization has been mentioned in the previous discussion concerning tech-
niques of control. However, randomization is also a major control technique. Ran-
domization is a first line means of achieving control, as each element in a set has
an equal chance of being selected. It is particularly appropriate when the other tech-
niques cannot be used or when the researcher suspects the existence of extraneous
variables, but is not able to identify them. In the long run, randomization is assumed
to “balance out” the effects of these unknown variables. Randomization will be dis-
cussed in more detail later in this Chapter.

Interventions (Independent Variables)

The discussion concerning study control detailed the identification and control over
extraneous variables. The implicit assumption was made that the independent vari-
able was present in the form that was intended and that was accurate. The researcher
needs to demonstrate that the intended intervention is the independent variable in the
study, or that the study possesses treatment integrity or fidelity [8-9]. Treatment
integrity also includes treatment differentiation. Treatment differentiation refers



50 4 Evaluation and Analysis of Data Generated from Single Subject Designs

to studies where the goal is to compare the effects or outcomes of two or more
treatments. It is important to establish that the treatments are sufficiently different
such that the comparison is legitimate. That is, the researcher can safely conclude
that if no differences were found between the treatments, failure to establish treat-
ment differentiation was not responsible.

Gresham [8] has described in some depth the role of treatment integrity, also
known as treatment fidelity, and its relationship to internal validity. In essence, if
the intervention is not presented accurately and consistently and effects are found,
the researcher may falsely conclude that the intended intervention is responsible for
the outcome (i.e., a Type I error). Also, failure to present the intended independent
variable may lead to no outcome effects, and the researcher may falsely conclude
that the independent variable was not effective when it was effective (i.e., a Type 11
error). Overall, failure to establish treatment integrity weakens the internal validity
of the study.

Treatment integrity appears to be a trivial issue for single subject researchers.
Based on previous literature reviews, Gresham [8] concluded that the majority
of researchers did not attempt to establish treatment integrity. It is important to
emphasize that it is difficult to rule out alternative explanations if the physician or
researcher fails to establish treatment integrity, or treatment differentiation. Treat-
ment integrity or differentiation may be particularly important to establish when the
treatment is complex. The treatment or independent variable must be reliable, valid,
and accurate. It is therefore critical that care is taken in operationalizing the inde-
pendent variable; that is, converting the conceptual definition of the independent
variable into an observable, measurable, and verifiable definition that is accurate
and precise. In essence, there is a high correspondence between conceptual defini-
tion and the measured definitions [8, 10, 11]. Gresham [8] describes some methods
for assessing treatment integrity, including direct assessment (e.g., systematic obser-
vation) and indirect assessment (e.g., rating scales, interviews, self-monitoring, and
self-reports). The type of research and nature of the independent variable guides
the researcher in selecting which methods are most appropriate for patient or
clinical care research. Finally, Gresham [8] recommends the use of the depend-
ability index in providing estimates of reliability and validity in single subject
research [12, 13].

Outcomes (Dependent Variables)

A corollary to treatment integrity is the selection and measurement of the dependent
or outcome variable, a topic that is particularly important in research dealing with
patient care. Measurements can be obtained through direct observation, automated
recordings, rating scales, and checklists, for example. As has been emphasized in
the literature, the selection of the dependent variable should be based on its practi-
cal, social, or medical significance. The outcome needs to be directly relevant and
beneficial to the patient’s welfare, which is interpreted as such by the patient [14]
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and the community [4, 14—16]. Furthermore, the measurement of the outcome needs
to meet the requirements of reliability, validity, and accuracy [2, 15-17]. Reliability
refers to a measure of consistency or repeatability of the outcome variable. Valid-
ity refers to the extent to which the target outcome is measured directly, which is
the focus of the study. Accuracy refers to the extent to which the measured obser-
vation matches the true state of the event. For example, does a measure of blood
pressure produce similar results each time it is measured under the same conditions
(reliability)? Also, is it measuring blood pressure as it purports (validity) and is the
actual value obtained with the measuring instrument the true state of affairs (accu-
racy)? It is important to recognize that all of these requirements must be established
before meaningful conclusions can be determined concerning the influence of the
independent variable, or intervention, on the outcome measure [15].

Numerous methods have been proposed for establishing accuracy, reliability, and
validity (see Cooper, Heron, and Heward [15] for a rendition on measurement in sin-
gle subject research). In the case of validity, there are direct and indirect measures
[15]. Direct measures are a reflection of the phenomenon under investigation. Indi-
rect measures occur when the actual measurement is not directly related to the phe-
nomenon, and therefore requires more of an inference on the part of the researcher.
It is best to keep in mind that direct and indirect measures are relative; for example,
the arm cuff (i.e., the sphygomomanometer) would be viewed as more of a direct
measure of blood pressure, whereas self report would be viewed as more of an indi-
rect measure. Direct measures typically show higher validity than indirect measures.
However, sometimes direct measures are not available and the researcher must resort
to indirect measures. For example, if the researcher is interested in the mental status
of the patient, an indirect measure may be the best solution. Regardless of type of
measurement, it is important that validity be established. The establishment requires
that the researcher provide evidence that the phenomenon under investigation is in
fact being measured.

With behavioral measurement and subjective measurements, and because human
error is one of the biggest threats to reliability and accuracy, it is common prac-
tice to use inter-observer agreement (IOA). IOA refers to the extent to which two
or more independent observers report the same values in assessing reliability and
accuracy of the measurements [2, 15-17]. Although percentage of agreement is the
most common technique for measuring IOA, there are many other techniques as
well [15]. Furthermore, it is important to recognize that considerable time and effort
must be attached to the selection and training of the observers in order to avoid or
reduce bias or artifacts [2, 15, 17]. For example, bias can occur in the data because
of observer drift (the observer changes the definition of what is to be observed dur-
ing the course of the study), observer reactivity (the observer is sensitive to the
notion that her/his observations are being evaluated by someone else), and observer
expectations (the observer is aware of the predictions or hypotheses of the study).
Also, ultimately, the researcher must decide on a criterion for determining whether
the data are reliable and accurate. The standard acceptance level for a numerical
cut-off for quantitative measures of reliability in the literature, is 0.80. However,
Kazdin [2] and Cooper et al. [15] have argued that it is not wise to set a rigid
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criterion because the criterion of acceptance depends on the nature and complexity
of the research. Finally, Primavera, Allison, and Alfonso [17] noted that the failure
to establish reliability is widespread in single subject research. It may appear obvi-
ous to the researcher that the dependent measure is reliable; however, without some
assessment of its reliability, it would be difficult for the researcher to claim, for
example, that the failure for finding a relationship between the intervention and out-
come is due to the ineffectiveness of the treatment.

Response Guided Studies

A section of this Chapter is devoted to response guided study because of its central
role in single subject research and because of the debate concerning internal valid-
ity. A tactic integral to single subject research, especially research with practical or
clinical significance, is termed response guided experimentation [1, 18]. This strat-
egy refers to the common practice in single subject research where the researcher or
physician makes decisions during data collection regarding the length of the base-
line, along with the timing to present and withdraw the treatment [2]. The goal of this
strategy is to change the baseline and treatment variables in such a way as to max-
imize the effectiveness (or lack thereof) of the treatment [2]. In other words, rather
than having a structured research plan for the conduct of the study, the researcher
changes the phases of the study based on the patient’s responses. Although Kazdin
[2] has suggested some tips for making these decisions, such as examining the trends
and variability in the data, there are no well established decision rules for determin-
ing these changes; therefore, it is largely based on the experience and assessment
of the researcher [2]. Edgington [1] has argued that this approach is more art than
science. He points out the potential flaws in this approach, including issues that
limit the quality of the data, are based upon the competence of the researcher, the
lack of objectivity for the approach, and perhaps most importantly, the possibility
that the researcher and treatment are confounded. The confound is especially crit-
ical because it is difficult to ascertain whether the changes, if any, were due to the
treatment or due to the researcher effects (e.g., expectancies).

In support of response guided experimentation, Barlow and Hersen [19], Kazdin
[2], Krishef [20], and Barlow et al. [4]. have strongly recommended the use of this
approach. They stress the clinical significance of determining the source of variabil-
ity in individual patients and the compatibility with standard clinical practice. Single
subject research is ideally suited for the physician or researcher. One can observe
the variability of the individual patients during baseline (A) and treatment (B), spec-
ulate or hypothesize about the sources (i.e., the causes), and immediately adjust the
design, so as to test these hypotheses. Consequently, the welfare of the patient is
likely to be enhanced. In order for this approach to be successful, it is essential that
repeated testing be employed with the requirement that the physician or researcher
have the ability to change the research design as needed. It is apparent that single
subject research is ideally suited for meeting these requirements. It is also important
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to recognize that with these essential features, single subject research is of added
value to the physician.

Barlow et al. [4] have suggested three ways in which these improvised or rapidly
alternating single subject designs can be used in determining the sources of vari-
ability, which can possibly improve the internal validity. These include cases in
which the patient fails to improve with a given treatment, the patient improves
spontaneously (i.e., placebo effects or improvement occurs in the absence of the
treatment), or the patient’s outcome measure exhibits cyclic patterns across and/or
within phases. In each case, a common tactic is to change the design to see if the
causes of the variation can be identified. Finally, Barlow et al. [4] indicated that in
many clinical cases, the sources of variability may be difficult to identify, called
hidden sources, and may involve a multiplicity of variables, as well as interaction
effects. Therefore, it behooves physicians to apply their experience and evaluative
skills before deciding on the causes of the outcome. This strategy was applied with
remarkable success by the father of experimental medicine, Claude Barnard [3].
Overall, as Barlow and Hersen [20] and Houle [21] have stated, the criterion of
evaluation is that the study must meet the requirements of internal validity, and the
results must be therapeutically meaningful to the patient.

Statistical Analysis of Data Collected Using Single
Subject Methodology

In a research based monograph by physicians and psychologists [22] considerable
research is presented suggesting that many physicians and a significant portion of
patients exhibit statistical illiteracy; in essence, statistical illiteracy is the failure to
accurately interpret the numbers when assessing the risks and benefits of forego-
ing or undergoing treatment. Statistical illiteracy may not necessarily be a failure of
understanding the numbers per se, but more a result of cognitive biases, physician-
patient relationships, and conflicts of interest [22]. Regardless of the cause, statisti-
cal illiteracy or the failure to properly interpret health related statistics can lead to
dire consequences for the patient.

The problem of statistical illiteracy is not unique to health providers. Gigerenzer
et al. [22] have coined the expression “collective statistical illiteracy” reflecting their
view that statistical illiteracy is a widespread societal problem. Consistent with this
notion, Monahan [2] points out that statistical illiteracy is common among judges
and juries. In fact, American tort law still to some extent encourages the use of
the antiquated legal standard of care in which physicians must demonstrate that
the prescribed treatment was based on current standard of care rather than evidence
based practice. For these reasons, as concluded by Gigerenzer et al. [22], it behooves
practitioners to become more statistically literate in order to function competently
as professionals. Provided here are some statistical procedures, both descriptive and
inferential, that are applicable to evaluating data collected through single subject
design methodology.
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Graphical Display of Data and Visual Analysis

Visual analysis (also called the interocular test, eyeballing the data, criterion by
inspection, or visual inspection) refers to the interpretation of data that have been
plotted on a graph [15] without any additional statistical analyses. Despite the
debates concerning validity, visual analysis is still commonly used for evaluating
data generated from single subject designs. In order to interpret the finding of a
study using visual analysis, it is critical that the data be properly graphed. There are
numerous sources on appropriate procedures for displaying data from single subject
designs [4, 15, 20, 23-25]. This section will focus on presenting and interpreting
data from a graph using the methods that have been typically used in single subject
research.

There are a number of benefits to using graphs. Houle [21] noted that “There is
no replacement for the information provided by graphing the outcome variable as it
varies over time” (p. 272). Houle [21] and others [15, 16] have stressed the impor-
tance of graphs in showing the variability in the data, as well as communicating the
results to researchers and patients. Cooper et al. [15] and Parsonson and Baer [24]
described the benefits of providing the researcher with an ongoing visual record of
the progress of the study, changing the baseline (A) and/or intervention (B) based on
the graphed data (i.e., response guided experimentation), providing an independent
and more conservative approach (by noting only strong effects in the data and ignor-
ing weak effects that may be statistically significant but not clinically significant),
and providing the patient with an ongoing record of progress in the study.

If any benefit is to be derived from visual analysis, it is critical that standardized
procedures be used for displaying the data. One of the most important but simple
rule to follow is that the data points and data paths need to be accurately plotted
[15]. Although software programs (See Carr and Burkholder [25] and Silvestri [48],
How to make a graph using Microsoft Excel. Unpublished manuscript) are com-
monly used to construct graphs, it remains important to be able to graph relation-
ships by hand, especially in response guided studies. The physician or researcher
needs to have an ongoing visual record of patient outcomes to treatment, so that
the treatment can be altered if necessary. Figure 4.1 depicts the results of a single
subject study. The purpose of this study was to examine the effects of a medica-
tion on systolic blood pressure. Although some of these data were taken from an
actual patient, for purposes of illustration, some data points were changed and addi-
tional data points were added. Copper et al. [15] strongly recommend that before
attempting to understand the relationships among the data through visual analy-
sis, it is very important to understand the basic features of the construction of the
graph (e.g., the labeling and scaling of the axes, examination of the data points, and
their linkage). Without a careful examination of the basic features of the graph, the
interpretation of the relationships is more susceptible to human error [11]. Komaki,
Coombs, Redding, and Schepman [26] recommend using a set of criteria called
OCT for evaluating data from single subject designs. First, the researcher should
examine the overlap (O) in data points between phases, then examine the measure
of central tendency (C) for each phase, and finally look for subsequent trends (T).
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Fig. 4.1 An example of an A-B design

More comprehensively, Cooper et al. [15] stressed the importance of first applying
visual analysis within phases, including the number of data points, variability, level,
and trend. Next, examine the data between conditions using the same criteria (i.e.,
number of data points, variability, and trend). Finally, Shadish, Cook, and Campbell
et al. [5] suggested that the researcher should examine whether the treatment effects
will decay over time and whether this decay is immediate or delayed. Implementing
this recommendation may require some follow-up tests after the initial stages of the
study have been completed.

Figure 4.1 displays an example of an A-B design. First, baseline (A) measure-
ments were obtained without any medications or interventions. The data in the
baseline phase (A) appear relatively stable. Next, the patient received a medica-
tion treatment (B) that was intended to lower systolic blood pressure. Through
visual inspection, the relationship seems apparent across conditions, as the medi-
cation appears effective in reducing systolic blood pressure. Relative to the baseline
(A) levels, it is clear that systolic blood pressure lowered when the treatment was
applied. It is important to note that the relationship between the treatment and sys-
tolic blood pressure might have shown further strengthening if an A-B-A design was
implemented. Specifically, one of the strong features of the A-B-A design is that if
the level of the outcome returns to baseline levels in the second baseline phase, the
causal interpretation of the relationship is enhanced. Some descriptive statistics (i.e.,
measures of central tendency and variability) can be applied to these data because of
the consistent variability within and between phases and the lack of any trend in the
data. The best procedure [23] is to superimpose these measures on the plotted time
series data. In this case, medians, a measure of central tendency reflecting the mid-
dle most score as represented by a continuous line in the graph, along with range
lines, a measure of variability reflecting the low score and high score represented
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by dashed lines, could be reported. For the evaluation via a clinical criterion, the
overall evaluation might be driven by the meet/no meet level of sustained systolic
blood pressure reading (e.g., 110 for systolic blood pressure). Means could also be
used to represent these data, but “real data” from single subject designs are likely to
include outliers or extreme scores, and medians are less influenced by these scores
than means. A final concern with these data is the possibility that they are auto-
correlated, a topic to be discussed later in this Chapter.

Unfortunately, in the actual conduct of research, interpretations are not as
straightforward, as it is rare to find data demonstrating major effects with little vari-
ability or trends in the data. Figure 4.2 provides a more “realistic” view of data
generated from a single subject design. These data are simulated for illustration.
The major difference between Figs. 4.1 and 4.2 is that there is more variability in
all phases and noticeable trends in the latter two phases in Fig. 4.2. Showing medi-
ans as points of comparison across the phases would not be meaningful because of
trends in the data. In this situation it is advantageous to use the split-middle method
[15, 20, 23, 27] to reflect trends in the data. In Fig. 4.2, the split middle method was
used to create the line that is superimposed over the data points for each phase of the
study. The line for each phase is calculated by dividing the data points into halves for
each phase, then locating the median time value and median blood pressure measure
for each half, plotting the coordinates for each half, and finally drawing a line con-
necting the two coordinates. As presented in Fig. 4.2, dividing the data points into
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Fig. 4.2 Illustration of an A-B-A design
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halves within each phase, results in 5 time values for each half. In the first half of the
baseline phase (A), the median time value is 3 with a corresponding median blood
pressure value of 170. For the second half of the baseline phase (A), the median
time value is 5 with a median systolic blood pressure level of 170. Drawing a line
connecting the two coordinates completes the procedure. It is clear from the trend
lines that no consistent upward or downward trend exists in the initial baseline mea-
sures, an important consideration in interpreting the treatment effects. It is also clear
through inspection of the trend lines that a systematic decrease and increase in sys-
tolic blood coincides with the presentation and removal of the intervention, respec-
tively. An important consideration in establishing trends is to examine the variability
within and between each phase. The trend ranges (calculated in the same manner as
range lines [23]) shown in Fig. 4.2 suggest that the variability is decreasing during
intervention, as well as when the treatment is removed. The reduction in variability,
if accurately measured in this scenario, may simply reflect the adjustment of the
patient to the presentation and removal of the medication. More measures would be
useful in testing this notion, as well as determining the limits of the effectiveness of
the medication in further reducing systolic blood pressure.

Figure 4.3 illustrates an A-B design containing three patients. In this example, all
of the data were taken from patients in a study conducted at a primary care site. Note
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Fig. 4.3 Illustration of an A-B design, with three patients
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in this case that although the variability in systolic blood pressure for each patient is
modest, it would have been useful to have more baseline measures to further assure
the stability of the measures, especially given the lack of a return to baseline con-
dition. However, ethical issues must be considered when removing treatments that
are beneficial for patients. Also, note the decline in systolic blood pressure across
the treatment phase for the three patients, suggesting that the effectiveness of the
medication is not unique to any given individual patient. If the purpose of the study
was to determine the generalized effectiveness of the medication, it would have been
useful to have more patients. It is also uncertain whether systolic blood pressure lev-
els would continue to decline with additional treatments. Finally, a follow-up would
have been useful. Depending on the purpose of study, the previously mentioned
statistics may be applied to these data. For example, it may be useful to display a
single trend line and range line (computing these values based on all three patients)
for baseline and treatment, especially as the data suggest little variation among the
patients.

Figure 4.4 displays data from an alternating treatments design, which was dis-
cussed in Chapter 2. In this study, the physician was interested in the effectiveness
of an increased dosage of the current insulin regime on reducing Hemaglobin A1C.
Of note in this study is that the researcher had data to indicate that the baseline (A)
could be established or stabilized with only two measures. However, in general, it
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is unlikely that a stable baseline can be established with two measures. It is rec-
ommended that there should be a minimum of three observations, and obviously
more, if there is considerable variability in the measurements [19]. Referring to
Fig. 4.4, notice the decline from the first to the second baseline measure. Of consid-
eration is whether this is a trend and whether it would contaminate the intervention.
Nonetheless, the major purpose of this study was to determine the impact of increas-
ing levels of the intervention on Hemaglobin A1C, and it is clear that a trend exists
in the data. Based on all of the data (i.e., the baseline and the four treatments) the
split-middle method was used to create the trend lines. It appears to fit the data
quite well, and perhaps range lines might be useful in this case to show variability.
Finally, insulin dosage levels systematically increased across the time course of the
study. Another point of consideration when creating a study is to determine whether
the results could be replicated if administration of the drug dosage levels occurred
randomly. A more in-depth discussion of this topic will be presented later in this
Chapter.

Should visual analysis be used? Considerable discussion and debate have sur-
rounded the use of visual analysis [2, 5, 16, 19, 21, 23, 28, 29]. Franklin, Allison,
and Gorman [23] argued that one should use caution when interpreting graphs using
visual inspection. One of the most crucial assumptions of visual analysis is that the
observer can provide an accurate causal inference of the relationship depicted in
the graph. Unfortunately, studies have shown that there is little agreement among
observers of the same graphs, even if the observers were trained in the use of tech-
niques of interpretation (See Franklin et al. [23] for a summary of some of this early
research). Graphed data are vulnerable to confirmatory biases if care is not taken in
the scaling of the graph [28]. In addition, confirmatory biases can occur with Type I
errors, such as when observers or researchers see what they want to see, especially
if the data are serially dependent, and assume an effect exists when in reality it does
not [21, 29, 30]. Simply changing the scale values on the axes can make the data
subject to misinterpretation, as amply demonstrated by Huff [31] in his popular text,
How to Lie with Statistics.

Kazdin [32] and Cooper et al. [15] have argued that the use of visual inspection
should be restricted to large and reliable effects because the interpretation of large
effects are less susceptible to misinterpretation, and they possess more clinical and
social significance than small effects. Of concern for consideration of this recom-
mendation is the size of the effect as well as the variability in the data. If the size of
the effect is large, the visual interpretation remains suspect if there is high hetero-
geneity. Cooper et al. [15] further argue that this approach leads to fewer Type I and
more Type II errors in data with small effects. In contrast, Franklin et al. [23] point
out that in the long run, these small but reliable effects may produce more permanent
and important patient effects that are overlooked by visual analysis. In other words,
the commission of Type II errors is not a benefit of visual inspection but rather a
detriment. Unfortunately, it is not uncommon in more traditional statistically based
forms of research to find very small but significant effects where the likelihood of
clinical application would be miniscule. It is also important to recognize that finding
statistical significance does not necessarily mean that every patient improves with
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the treatment; therefore, single subject research may be necessary to determine if
the treatment is successful for a given individual [33].

Kazdin [2] stated that the inconsistencies and subjectivity in decision making
using visual analysis were possibly a result of the failure of researchers to establish
a systematic set of rules to follow during the process. As mentioned earlier in this
section, it is critical that a consistent approach be used when visual inspection is
employed, especially given the recommendation that visual inspection be the pri-
mary, if not sole, method of analysis in single subject research [15, 24, 34]. In sum-
mary, Cooper et al. [15] and the aforementioned recommendations should serve as a
useful guide. Although further research will be needed to resolve the visual analysis
debate, if these recommendations are followed, it is likely that the reliability, valid-
ity, and accuracy of visual inspection will improve as a method of analysis. Finally,
partly because of the usefulness to physicians and researchers, it is clear that visual
inspection will continue to be used, regardless of its empirical status. Therefore, it is
essential that the method be improved and supplemented by other means. The next
and final section of this Chapter will examine the usefulness of inferential statistics
to supplement visual inspection, an approach recommended by Franklin et al. [23]
and others (e.g., Houle [21]).

Inferential Statistical Analysis

For the evaluation of data from a single subject design, it is important to understand
some of the basic concepts of the classical statistical approach to inferential testing.
First, for context, it is necessary to make a distinction between descriptive statis-
tics and inferential statistics. Descriptive statistics refer to the quantification of the
summary information from the studied sample of patients. It is common practice to
summarize a sample or group of measurements by providing measures of central
tendency (mean, median, and mode), along with measures of dispersion or variabil-
ity (range, standard deviation, and variance). Inferential statistics refer to techniques
of inferring population characteristics from the sample data. A population is defined
as a set that share at least one characteristic in common, and a sample is simply a
subset of the population. Of course, in order to have a representative sample, it is
important that the sample be randomly selected, in that every element within the
population has an equal chance of being selected. For inference or estimation to
population values from the sample, these population values are termed parameters.
Inferential statistical testing is typically subdivided into further classifications, with
parametric testing and nonparametric (or distribution free) testing as one of the sub-
divisions. Parametric tests are designed to test the distributional characteristics of
the population based on the sample values. In contrast, nonparametric tests are dis-
tribution free, in which no assumptions are made about the form of the sampled
population. The relevance of these statistical concepts to single subject research has
raised considerable discussion [28]. A number of inferential tests that have been
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used with data collected from single subject designs, and all of these tests have
advantages and disadvantages. At this time, randomization tests seem to hold the
most promise.

Randomization Tests

Edgington [1] has strongly advocated for the use of randomization tests. Edging-
ton [1] noted that statistical tests can be used if there is treatment randomization
and random sampling is not a necessity. Randomization tests are distribution free or
nonparametric. The test statistic (e.g., ¢ or F) is calculated based upon the observed
data. The significance of the test statistic is based on the number of ways (i.e., per-
mutations) in which the data can be ordered. Finally, the test statistic is computed
for each order and the probability of the treatment relative to the permutations is
used to determine statistical significance. Edgington [1] has argued that for infer-
ential testing with single subject designs, randomization tests are the sole method.
Furthermore, randomization tests are appropriate when there is serial dependency
in the data, as sometimes it is expected with single subject designs. Krishef [20]
noted that the disadvantages included: the inability to generalize to a population;
that in multiple treatment studies there may be carry-over effects; and the laborious
calculations required for determining the number of permutations. The latter dis-
advantage is no longer a serious concern given the advent of recent technological
and computing advances [21]. For a more in-depth examination of this approach see
Edgington [1] and Houle [21], along with Krishef [20] for a computational exam-
ple. See Bulte and Onghena [35], Onghena and Edgington [34], and Todman and
Dugard [36] for the application of randomized trials to medicine.

Nonparametric Smoother

As a complement to visual inspection, Janosky [37], Janosky, Al-Shboul, and
Pellitieri [38], and Janosky, Pellitieri, and Al-Shboul [39] discussed the implemen-
tation of a nonparametric smoother for use with single subject designs. The non-
parametric smoother is applied to the collected series of data points, and the analysis
leads to a smoothing of the function by separating an actual or true process or model,
from error or noise in the collected data. The nonparametric smoother does not
require the statistical assumptions of parametric testing, and it can be used as a sup-
plement to visual inspection. Empirical tests show that the smoother works well with
linear models, and it avoids some of the problems associated with visual inspection
(e.g., distorted plots, broadened or narrowed axes and inappropriate use of scales).
The major disadvantage is limited applicability for cyclical models, when the num-
ber of collected data points is not large. See Janosky [28, 37], Janosky, Al-Shboul,
and Pellitieri [38], and Janosky et al. [39].
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Celeration Line Methods

Krishef [20] described two celeration (acceleration or deceleration) methods for
determining trend lines. The split-middle method has already been described and
applied to the data depicted in Fig. 4.2. This method uses medians to determine
trend lines, whereas the second method, called celeration line, uses means to plot
the trend lines. For both methods, based on the binominal distribution, the purpose is
to determine from the baseline data whether the treatment data can be predicted, or
if the rates of change differ? Both methods require a minimum of 10 observations
for the baseline and a minimum of 5 for the treatment phase. The major advan-
tage of the celeration line method is that it provides an estimate of the trends, if
any are in the data. As with the nonparametric smoother, celeration methods may
be more useful as a descriptive adjunct or aid to visual inspection. The disadvan-
tages include limited applicability if the data are auto-correlated (the binominal
test requires that the observations be independent), difficulty in interpretation when
trends lines are approaching asymptote during the baseline, and the meeting of the
minimum requirements for baseline and treatment measurements may not be prac-
tical with some patients. See Cooper et al. [15], Franklin et al. [23], Houle [21],
Janosky and Al-Shboul [40], and Kazdin [2] for a more in-depth discussion, as well
as computational examples.

Sheward’s Two Standard Deviation Band

If the celebration line method cannot be used due to practical concerns, a possible
alternative is to use Sheward’s chart procedure [20]. The significance test is based
on determining whether two successive observations fall outside the band of plus
or minus-two standard deviations. The advantages of use include straight-forward
computations and general application to any single subject design. The disadvan-
tages are many, including the necessary assumption of random variation, no auto-
correlation in the data, stable baselines, and no trends in the data.

Bartlett’s Test

Bartlett’s test allows for a determination of whether an autocorrelation exists in the
data. The computation of the correlation is based on lagged values (i.e., a serial cor-
relation) and can be used when data are collected in a sequential manner. Examples
are available through the works of Krishef [20], Kazdin [2], McGuigan [7], Pittenger
[41], and Kirk [42].

Mann-Whitney U

The Mann-Whitney U test is a nonparametric test that can be used for analyzing
single subject research, in which each subject receives two or more treatments or
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interventions. Statistically significant differences between the treatment conditions
can be analyzed. The test also requires treatment randomization. The advantages
of the Mann-Whitney U include limited statistical assumptions and ease in com-
putation and interpretation. With the presence of treatment randomization, serial
dependency is not an issue of concern. The disadvantages of the Mann-Whitney U
include the lack of appropriateness for designs, where treatments are irreversible
and treatment carry over effects are suspect [20]. However, if more than one patient
is used in the study, it may be possible to control and analyze for carry over effects
by counterbalancing the order of the treatments. See Krishef [20] and Kirk [42] for
more detail and computational examples.

Revusky’s R,, Statistic

Randomization tests assume independence of observations. If treatment effects are
irreversible and it is not possible to remove the intervention and return to baseline,
the researcher may decide to use the A-B or multiple baseline design as an alter-
native. Revusky [43] developed a statistic (R,) that can be used to analyze data
generated from these designs. A minimum of four baseline measures are required
before using the statistic, and the intervention must be randomly assigned and given
only once. The statistic can be used with all of the variations of the A-B designs
(i.e., across subjects, across behaviors, and across situations). This test evaluates the
statistical significance between the treatment and untreated phases. The strengths
of this test include the applicability when treatment(s) cannot be withdrawn, ease
in calculation, and the superior level of sensitivity to detect effects, as compared to
the Mann-Whitney U [20]. The major weakness is the necessity for the intervention
randomization requirement, since this is sometimes difficult to meet due to practi-
cal obstacles (e.g., a particular patient requires immediate treatment, thus failing to
meet the requirement of randomization of treatments to patients). The other possi-
ble weakness is the inability of the researcher to obtain the minimum requirement
of four baseline measures. For additional information, please see Kazdin [2], Houle
[21], Krishef [20], and Revusky [43].

The W Statistic

The W statistic has been discussed in detail by Krishef [20]. Similar to the appli-
cation of the R statistic, the W statistic is appropriate to use with multiple base-
line designs. In contrast to the R statistic requirements, the W statistic does not
require that the treatment be ended after each intervention. Randomization is nec-
essary for determining the order in which the patients (also applicable to across
behaviors and situations) receive a treatment. For the W statistic, a comparison is
made between the baseline and treatment for each individual patient. The number
of permutations (based on the number of patients, behaviors, or situations) drives
the W statistic, and statistical significance is then determined. The W statistic is
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essentially a randomization test. As the baseline and treatment phases for each
patient are compared, the advantage of W statistic is more applicable in an applied
setting focusing on the effectiveness of the treatment. This approach also does not
require the immediate termination of the treatment as the R statistic requires. The
disadvantages are similar to any randomization test (discussed under the random-
ization tests). For a computational example see Krishef [20].

The C Statistic

According to Krishef [20], the C statistic can be used in determining whether there
are abrupt changes in level, but only when there are minimal changes in slope or
direction. The C statistic can be used to test the stability of the baseline, as well
as comparing the baseline with the treatment phases. The latter is accomplished by
determining whether the slopes are different for the baseline and treatment phases.
This statistic requires a minimum of 8 observations. The advantages of this statis-
tic are that it can be used to determine the effectiveness of the treatment with 8 or
more observations, even though the data may be serially dependent. Furthermore,
the statistic is simple to calculate especially relative to the more complicated and
consuming analyses dealing with time series data {e.g., ARIMA (auto-regressive
integrated moving averages; Houle [21])}. One disadvantage includes the failure of
the statistic to detect abrupt changes in direction of the function. A second disad-
vantage is the effect on statistical power. Simply having more data points when the
baseline and treatment are combined for analysis may lead to statistical significance,
whereas only analyzing the baseline may not. See Jones [44] and Krishef [20] for
additional discussion.

What should the role of inferential statistics be in single subject design research?
There is considerable diversity of opinion regarding the utility of inferential statis-
tics in single subject research. Some have relied largely on visual analysis [15], argu-
ing that clinical significance requires large effects that can be easily interpreted using
visual analysis, and statistical analysis may be misleading if small effects are found
to be significant [2, 4]. Barlow et al. [4] further state that one may find statistical sig-
nificance with considerable error, which may indicate the treatment is effective for
some individuals and not others. Essentially, trends and intra-subject averaging may
mask the variability in the data. Finally, Kazdin [2] has argued that because of the
pervasiveness of statistical inferential testing in the sciences, researchers may fail to
conduct single subject research on a promising topic or change the design because
there is no statistical analysis available to evaluate the data. Furthermore, Kazdin [2]
has discussed the debate regarding whether inferential statistics should be used and
whether the data from single subject designs meet the assumptions of parametric
statistics. Kazdin [2] states that statistics can be used when baselines are unstable,
whether the intervention is reliably different from the baseline, when there is con-
siderable intra-subject variability, and during the investigation of new areas where
weak effects may be detected, but show some promise for future research. Kazdin
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[2, 14] has recommended the use of parametric statistics under these conditions,
if the assumptions of parametric statistics can be satisfied. Unfortunately, it is rare
that these assumptions can be met because of the inherent characteristics of single
subject research. A more conservative approach is to use statistics as a supplement
to visual analysis [16, 20, 21] and possibly to restrict their use to descriptive statis-
tics, as the requirements for descriptive statistics are more readily met for single
subject designs [45]. The argument is that statistics can be used to confirm what is
presented in a graph [1, 20]. Unfortunately, even using this conservative approach
can lead to invalid inferences. If parametric statistics cannot be used in single sub-
ject research, some medical researchers have suggested that data from single subject
designs only be used in the early stages of development. Specifically, hypotheses
can be formulated and tested later using other research paradigms [46, 47]. A more
favorable approach would be to use nonparametric statistics that do not require the
assumptions of parametric statistics.

Summary

The proper conduct of single subject research is essential for the welfare of patients.
Sound single subject research requires the researcher to infer that the dependent
variable (medical outcome) is due to the influence of the independent variable (inter-
vention), and not to other sources (extraneous variables). Although it is unlikely that
extraneous variables can be entirely eliminated from studies, it is feasible to con-
duct research where the influence of these variables is minimized. As a result, more
confidence can be placed in the causal relationship between the treatment or inter-
vention and the outcome. In order to minimize the role of extraneous variables, it is
important to rigorously apply the techniques of control (i.e., elimination, constancy,
balancing, counter-balancing and randomization) in the design of the study. Further-
more, it is important to establish the integrity or fidelity of the independent variable,
as well as its reliability, validity, and accuracy. Reliability, validity, and accuracy
must also be established for the dependent variable, with particular attention paid to
the benefits that the patient may receive from the intervention.

Although response guided experimentation is a common approach in single sub-
ject research, controversy has evolved over its use, largely because of the role of
the physician or researcher in influencing the outcome of the study. Referencing
strengths, the use of response guided experimentation may bestow benefits to the
patient that otherwise would not be. Response guided experimentation is a useful
methodological tool and therefore, every attempt should be made to minimize the
role of the researcher in the study outcomes.

In addition to assessing the quality of the data that are generated from single sub-
ject research, it is also important to consider the way in which the data are displayed
and interpreted. It is common practice to graph and interpret the data using visual
analysis. There are many benefits to graphing the data but research has shown that
interpreting the data using visual analysis alone may be subject to human error. In
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order to minimize the role of human error, it is important that proper and standard-
ized methods be used in constructing and interpreting graphs because their use is
likely to continue. Visual analysis can also be supplemented with statistical analysis,
but in many cases the requirements of parametric testing cannot be satisfied, leading
to the possible usage of nonparametric techniques in single subject research.
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Chapter 5
Ethics and Single Subject Research

This chapter provides a broad overview of ethical guidelines for single subject
research in biomedicine. As a starting point, a primer on ethical decision making
is used to clarify major ethical views and their guiding principles. This is followed
by a discussion of professional competence, which is the foundation of proficient
decision making. Then, ethical issues involving patients’ rights and methodological
considerations are reviewed. In closing, single subject design research is described
as playing a key role in ethical biomedical research.

Primer on Ethics

Traditionally, two major views have been used to guide ethical decision making [1].
The philosophy of utilitarianism assumes that actions are ethical to the extent that
they maximize health and well-being. This view has generated the ethical princi-
ples of non-malfeasance, beneficence, and efficiency. In contrast, the Kantian ethi-
cal view assumes that individuals behave ethically when they respect the reasoning
capacities of other people. Thus, the Kantian view emphasizes principles, such as
justice, dignity, autonomy, and honesty. Although these views often suggest similar
actions, occasionally ethical dilemmas occur in which one guiding principle con-
flicts with another, such as when respecting patient autonomy may lead to negative
health outcomes.

Philosophical Perspectives

Two philosophical perspectives have traditionally provided the basis for ethical deci-
sion making across a wide variety of disciplines [1]. The philosophy of utilitarian-
ism focuses on the consequences of decisions, whereas the philosophy of Immanuel
Kant is primarily concerned with human rights.

The philosophy of utilitarianism assumes that actions are morally right to the
extent that they foster happiness and satisfaction; wrong to the extent that they gen-
erate pain and suffering. To determine the morality of a decision, one must simply
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examine the positive or negative consequences of the decision. If one action pro-
vides greater benefits to an individual and society than another action, it is the more
ethical alternative. Epicurus laid the groundwork for utilitarianism over 2,000 years
ago, though his philosophy was largely ignored until being revived by David Hume
in the 1700s [2]. Hume argued that the idea of fostering happiness as an overarching
principle was relatively sensible, making the philosophy of utilitarianism so appeal-
ing. As he rhetorically questioned, “what need we seek for abstruse and remote sys-
tems, when there occurs one so obvious and natural?” [2]. Although Hume helped
to revive utilitarianism, he contemplated the philosophy of ethics only in passing.
Jeremy Bentham, and John Stuart Mill are best known for their contributions to util-
itarian philosophy, and are best known for popularizing such phrases as the “greatest
happiness principle” or the “greatest utility principle” [3]. Although Bentham, and
Mill agreed that morally the goal of decision making should be to foster life sat-
isfaction, they debated how satisfaction should be measured. In fact, the primary
difficulty of the utilitarian philosophy is that when making decisions, it can be very
difficult to predict their ramifications [4].

In stark contrast, Immanuel Kant argued that motives are more important than
consequences when determining the morality of a course of action [1]. The premise
of Kantian philosophy is that human beings are autonomous agents, capable of rea-
soning logically and worthy of respect and dignity. Individual people should be
treated as valued entities in and of themselves, rather than merely as a means to
some other end. At times, Kantian philosophy conflicts with utilitarianism, such as
in situations where ignoring an individual’s autonomy might lead to desirable con-
sequences (e.g., disregarding a “Do Not Resuscitate” (DNR) order to continue a
person’s life). These types of ethical dilemmas force physicians or practitioners to
question which guiding philosophy — Kantianism or utilitarianism — is most defen-
sible. Fortunately, these philosophies conflict less than one might expect because
respecting an individual’s autonomy often allows them to make decisions that have
beneficial consequences (e.g., allowing a patient to choose among various treat-
ment options). Furthermore, both philosophies likely contain positive guiding ethi-
cal principles which help to facilitate clinical decision making.

Guiding Principles

Based on utilitarian and Kantian philosophies, several guiding principles have been
articulated to guide ethical decision making (see Table 5.1) [1, 5]. Utilitarian philos-
ophy is more closely aligned with the principles of non-maleficence, beneficence,
and efficiency, whereas Kantian philosophy is more consistent with the principles
of justice, dignity, autonomy, and honesty. Ethical conflicts occur when two or more
guiding ethical principles suggest different courses of action. The remainder of this
Chapter is devoted to considering how these ethical principles can guide complex
decision making in single subject research in biomedicine.
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Table 5.1 Guiding ethical principles

Principle Description

Non-malfeasance Above all, researchers and practitioners must aim to do no harm to
their patients and research subjects.

Beneficence The goal of medicine should be to facilitate health, well-being, and
other positive life outcomes.

Efficiency When making decisions, one should maximize positive outcomes,

while minimizing the time, effort, money, and other resources
needed to meet those objectives.

Justice Medical resources should be allocated fairly across individuals,
regardless of personal attributes, including gender, sex, race,
ethnicity, age, and socioeconomic status.

Dignity Patients and research participants should be treated with respect, not
merely as a means to some other end, such as finding evidence for
a successful medical treatment.

Autonomy To the extent that individual people have appropriate cognitive
capacities for decision making, their medical decisions regarding
treatment should be respected.

Honesty Researchers should openly and accurately describe the nature of
medical procedures and research protocols.

Professional Competence

Professional competence is the foundation of ethical practice. In particular, main-
taining a high level of competence aids in guarding against malfeasance. It also
helps to ensure awareness of effective treatment modalities, promoting beneficence.
Further, sound knowledge of available treatment options and practice guidelines also
helps to improve efficiency. Thus, professional competence is important for meeting
ethical guidelines based on utilitarian principles.

Certification and Licensure

Gaining board certification is important for medical practitioners and physicians
because it ensures a basic level of competency, as well as providing additional
privileges and income [6]. Typically, the certification process entails completing
medical school and a residency program, both of which are accredited. Then, one
must successfully pass a certification exam in the United States, which varies from
state to state, and can be oral, written, or both. Certification attests to the practi-
tioner’s competence, whereas licensure grants governmental authority to practice
medicine [7, 8]. These same education and training principals should be modeled
for expertise in research methodology. Ethical complaints can frequently lead to
restrictions on or a loss of licensure, or a ban or lack of permission for conducting
research.
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Maintaining Professional Competence

Continuing education is often required in order to maintain competence and to
meet requirements for the renewal of one’s license. Requirements vary consider-
ably based on state, ranging from 0 to 50 continuing education credits required per
year, with a national average of 30 required credits annually [9]. In addition to con-
tinuing education requirements, other professional engagements facilitate sustained
competence (i.e., reading professional journals, participating in oversight, review,
and editorial responsibilities) [5].

Maintaining professional competence is vital to the successful implementation
of single subject design studies for several reasons. Continuing education activities
promote knowledge of new treatments and procedures, and ensure that physicians
and practitioners are aware of which interventions have the greatest empirical sup-
port. Thus, sustained competence facilitates selection of the best treatment available.
Additionally, due to the methodological sophistication of the single subject design,
physicians and practitioners drawing upon this methodology must also keep abreast
of the existing standards of conducting studies and analyzing data. A particularly
useful method for sustaining competence of methodology and treatment effective-
ness would be to become aware of recent, relevant single subject design studies,
among other design options, within the field [10, 11].

Practicing Within an Area of Competence

The level of competence is best viewed along a continuum, and practitioners should
only provide interventions within areas where they demonstrate a high level of com-
petence. When a practitioner’s level of competence could lead to suboptimal treat-
ment outcomes, several alternatives should be considered. The practitioner could
consider seeking additional training or supervision to obtain a desired level of com-
petence. Otherwise, a referral to an appropriate source would be suitable.

Patient Rights

Although emphasized most directly from a Kantian ethical perspective, utilitarian
philosophy can often be used to justify a strong position on patient rights. Respect-
ing patient rights by providing informed consent, allowing freedom to discontinue
treatment, upholding confidentiality, avoiding deception, and avoiding conflicts of
interest, is essential to upholding the dignity and autonomy of the patient. Further-
more, assuring these rights most often allows patients the freedom to make decisions
that likely improve their well-being.

Informed Consent

Informed consent is the process by which a patient learns about the nature of treat-
ment options and chooses a desired intervention. Informed consent is routinely
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documented via a standard informed consent form that is included in the consenting
process. These include a description of alternative treatment options available, the
procedures to be utilized, the potential risks and benefits of treatment, the cost and
expectations of treatments, and the patient’s rights. However, the mere act of sign-
ing a consent form is generally insufficient for informed consent. Foremost, it has
been suggested that subjects rarely read consent forms in their entirety and often
fail to comprehend the technical medical jargon that is used [12]. Secondly, medical
ethicists have argued that informed consent should instead be viewed as an interper-
sonal process, which can be supplemented with written documentation [6, 13]. The
physician or practitioner should provide an overview of the most important points
of the study or treatment procedures. Then, allow the patient to ask questions until
satisfied with the desired level of knowledge that is obtained. This helps to ensure
that the patient is neither overburdened by excessive detail nor left uninformed.

In cases where the patient does not have the capacity to make an informed deci-
sion, the guardian or surrogate must provide the informed consent [1, 5]. Parental
guardians must provide informed consent when a child is to receive a medical pro-
cedure or participate in a research study. Under such circumstances, children are
recommended to also provide their assent, or agreement to participate. In some cir-
cumstances, adults with particular physical or cognitive disabilities may also have
legal guardians, who similarly make medical decisions; however, laws vary by state
in the United States and depend on the severity of the disability. Additionally, for
people who are incapacitated, a surrogate, such as a friend or family member, may
be appointed to make medical decisions. This situation may occur when a patient
is unconscious or in intense physical or emotional pain, though such circumstances
are rare in single subject trials.

One aspect of single subject studies in which informed consent concerns are
particularly salient involves the use of blind treatment phases. Methodologically,
it may be advantageous if a patient does not know whether he or she is receiv-
ing a placebo, an active medication, or an alternative active medication. Similarly,
dosage information may not be disclosed. However, this situation poses a minor eth-
ical dilemma, as methodological concerns involving beneficence may conflict with
Kantian principles, such as dignity, autonomy, and honesty. Providing the patient
with full knowledge would compromise the methodology, likely decreasing inter-
nal validity, whereas keeping all information non-disclosed would violate informed
consent. The typical compromise is to inform the patient of the types of conditions
(or dosages) that will be used without describing when the phases will be imple-
mented, while simultaneously providing an explanation for why keeping the par-
ticipant uninformed (i.e., blind or masked) to the intervention may be in the best
interest.

Valid informed consent is also instrumental for maintaining treatment adherence,
which is consistent with the ethical principles of beneficence and efficiency. A key
decision in single subject research is the selection of the patient. Because single
subject studies can be laborious, it is important to choose a patient who is likely
to complete the duration of the study [10, 14]. A valid informed consent process
ensures that the patient is informed of the risks and benefits prior to beginning the
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study, which decreases the odds of discontinuation later. When informed consent
is merely viewed as signing a consent form, patients are likely at greater risk of
attrition, due to undesirable procedures and risks that were unanticipated.

Discontinuation

The right to consent to treatment is accompanied by the right to discontinue treat-
ment at any time. Such a view is consistent with the Kantian perspective of pro-
moting autonomy and dignity, in addition to the utilitarian perspective of non-
malfeasance. As noted, adequate informed consent procedures can guard against
discontinuation.

Additionally, the choice of the patient can play a key role in guarding against
dropout [10, 14]. Specifically, a patient should be selected who has a high probabil-
ity for compliance with treatment changes, as well as compliance with completing
outcome assessment measures.

Ultimately, the single subject design is well suited for handling side effects,
adverse reactions, and other reasons for non-compliance. One strength for using
the single subject design concerns the ability to flexibly modify the criterion levels,
until the desired effect is obtained. For this reason, studies using the single subject
design have often been noted to have lower rates of patient attrition [14].

Confidentiality

The right to confidentiality ensures that information provided by the patient in the
medical or research context is protected from third parties. This is consistent with a
Kantian view of promoting patient dignity. Additionally, the right to confidentiality
is important from a utilitarian perspective because without confidentiality rights,
patients may fail to divulge important medical information, sometimes leading to
negative health consequences. Confidentiality is not an absolute right, as specific
conditions vary by state and by profession [5]. Typically, confidentiality rights may
be limited under exigent circumstances, such as when a patient describes intending
to do great harm to oneself or another, generally founded on utilitarian principles of
protecting the general welfare.

Although the basic protections of confidentiality apply to any research or med-
ical context, the question of when to breach confidentiality can be difficult, posing
an ethical conflict between participant rights and considerations of beneficence [15].
This type of dilemma has become increasingly salient in recent years, due to the
growing body of evidence suggesting that many medications, psychiatric and other-
wise, can trigger suicidal and aggressive behavior [16]. The decision to breach con-
fidentiality requires the close consideration of evidence that impending harm would
otherwise occur. Because single subject design research involves repeated observa-
tions the ability to detect side effects or dramatic changes in behavior is improved
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[10, 14]. To the extent that observable evidence is available that harm will occur, the
informed investigator will have an easier time determining whether a confidentiality
breach, or some other intervention, could occur.

Deception

The question of when deception can be appropriately used in research has long
plagued biomedical ethicists. According to Kantian philosophy, honesty is fun-
damental for respecting the dignity and autonomous decision making of medical
patients. Utilitarian philosophy assumes that any action, including deception, is
moral to the extent that it fosters positive outcomes. Although honesty is essen-
tial for informed decision making and the integrity of the medical profession, there
may be limited circumstances under which deception would be permissible from
a utilitarian perspective. Typically, deception, or a lack of full disclosure, occurs
when blind or masked treatment or placebo conditions are used. As described under
the section on informed consent, ethical dilemmas can often be avoided by provid-
ing the patient with information upfront that (1) a placebo may be used and (2) the
patient will be blind or masked to the treatment conditions. Occasionally, deception
may be permissible when these two criteria are absent, though this option is more
controversial from an ethical perspective [17].

Conflict of Interest

A conflict of interest occurs when an investigator’s perspective is biased by a sec-
ondary role or relationship [5]. Single subject studies often require direct and fre-
quent contact with the patient. Under these circumstances, the potential exists for
personal relationships to develop that cross professional boundaries, whether these
are classified as friendships, romantic relationships, or business partnerships. Inves-
tigators should guard against forming these dual relationships, as they can compro-
mise the integrity of the research being conducted, have the potential for damaging
the integrity of the profession, and can hinder one’s ability to provide the best med-
ical care possible.

Additional conflicts of interest can occur when an investigator has a vested inter-
est in a particular intervention. As discussed in Chapter 3, if a team of researchers
have devoted a substantial portion of their careers to a particular treatment or stand
to gain financially from the success of a treatment outcome, they will be prone to
social-cognitive biases that can impact the conclusion or validity of the study. A
similar problem can occur when the investigator has previously received gifts from
pharmaceutical companies or other suppliers.

Methodological Considerations

Although ethical and methodological aspects of research are often considered
separately, they are deeply intertwined. Ethically, research should be conducted
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effectively and efficiently, which has direct ramifications for the choice of a research
patient to be studied, choice of treatment outcomes, choice of interventions, use of
control conditions, and monitoring of withdrawal reactions.

Choice of Patient

Investigators should take great care in selecting a research patient for a single subject
study [18, 19]. According to the ethical principle of efficiency, resources for research
are necessarily limited, and time devoted to a study that is eventually unsuccessful
could have been better spent elsewhere. Similarly, the principle of justice holds that
resources should only be allotted with balanced consideration. Consistent with other
ethical guidelines, an ideal patient would be one who willingly and enthusiastically
gives informed consent to participate in the study, as this increases the probabil-
ity that the patient will complete the investigation. It may also be useful to assess
personality variables, such as agreeableness, conscientiousness, and self-efficacy,
which are known to predict treatment adherence [20]. Similarly, evidence for past
side effects or adherence issues in response to similar interventions would suggest a
poor prognosis for completing a similar trial [21].

If the study is being used to promote generalizable knowledge, rather than simply
improve individual patient care, then a patient must also be chosen who represents
a prototypical case [18, 19]. Factors that should be considered are demographic
characteristics, level and type of symptoms, co-morbid diagnoses, and past response
to interventions. Choosing a patient that will enhance the external validity of the
study is vital to making the best of the researcher’s and patient’s time and, therefore,
important to ethical decision making.

Choice of Treatment Objectives

In single subject studies, the patient should play a vital role in determining the
desired treatment objectives [5]. This role is important from the Kantian perspective
of honoring the patient’s dignity and autonomy. Similarly, according to utilitarian
philosophy, the patient should play a key role in determining which outcomes are
desirable, and therefore worth pursuing.

At this point in the planning process, the patients may need to evaluate their
priorities [5]. Foremost to this evaluation is that not every treatment objective is
worth pursuing. For example, a patient who is overweight may not desire to take
medication, exercise, or make changes in diet to achieve mild weight loss. Similarly,
many patients might object to multiple cosmetic surgeries to correct minor physical
defects. Thus, the patient can play a key role in determining which problems should
be treated, and at what cost.

Secondly, patients often present with multiple health complaints, which may
require prioritizing which treatments should be vigorously treated first. As longevity
continues to increase, the problem of co-morbid diagnoses is likely to become more
commonplace in the primary care setting [22]. The practitioner and patient should
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weigh several important variables when prioritizing treatment objectives. These
include the level of danger associated with each condition, the distress and discom-
fort associated with each condition, and the expense and discomfort of treatment
[5]. Utilitarian philosophy assumes that when making these decisions, one should
consider the fecundity of each option, or the ability of successfully treating one
condition to provide gains in other domains. For example, a patient presenting
with chronic back pain, obesity, high blood pressure, and depressive symptoms
might benefit most from treating the back pain first, if doing so would facilitate
making changes in the other problems. Specifically, with decreased back pain,
the patient might then be able to exercise more, helping to improve weight and
blood pressure, and possibly decreasing depressive symptoms. Targeting a differ-
ent problem first would have likely been less useful in facilitating overall positive
functioning.

Choice of Interventions

Upon determining treatment objectives, the practitioner and patient must agree upon
initial strategies for treatment interventions [5]. Again, the patient can play an
important role in the decision making process, but here is a lengthier list of fac-
tors to be considered. Specifically, physicians and practitioners must call upon their
expertise and knowledge of treatment alternatives. This is one of the reasons that
professional competence, including continuing educational requirements, plays an
important role in biomedical ethics [7, 8]. If a professional level of competence is
lacking for treating a particular condition, the practitioner should provide the patient
with an appropriate referral.

Upon weighing the available evidence to determine which treatment options are
most viable, the physician or practitioner should carefully evaluate patient vari-
ables, including demographic characteristics known to impact treatment outcomes
and past tolerance of similar treatments. If a patient has attempted to use a simi-
lar treatment in the past, the reasons for a lack of success should be explored, and
different treatment alternatives should be considered [5, 18].

Additionally, when weighing treatment options, it is important that the physi-
cian or practitioner be unbiased by conflicts of interest. Pharmaceutical and medi-
cal supply companies regularly offer researchers and practitioners gifts in an effort
to impact treatment decisions. These efforts have been highly successful [5, 23].
In order to prevent ethical dilemmas from occurring, physicians and practitioners
should avoid accepting gifts because it may impact treatment decisions and the
validity of the research study.

When several treatment options are available that have similar rates of success,
the patient and practitioner should consider which treatment options are most effi-
cient. Factors to consider include the cost of treatment, number and frequency of
doses, typical amount of time required for successful treatment, amount of phys-
ical effort or discomfort likely to be experienced, and probability of major side
effects.
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Choice of Control Conditions

To improve the internal validity of a study, the investigator generally must include
some control phases within the study design [1, 5, 18, 19]. The choice of the par-
ticular type of control phase will affect how results are interpreted and also have
an impact on patient care. Several options are available, including a no-treatment
control, a placebo condition, or a treatment as usual or usual care (TAU) condi-
tion. According to the principle of non-malfeasance, treatment should not be denied
if it is known to be effective. Thus, no-treatment control conditions and placebo
conditions should only be used in treatment studies where the treatment alterna-
tives have only questionable effectiveness. At the same time, researchers should
not shun the placebo, for a number of presumably effective treatments have been
later shown to work no better than the placebo itself; furthermore, unlike actual
treatments, placebos are not likely to have any side effects — an important con-
sideration, particularly within the context of polypharmacology. A placebo condi-
tion is generally superior to a no-treatment control condition because it controls
for perceived treatment gains due to self-fulfilling prophecies; however, an appro-
priate placebo is often lacking, particularly for studies involving non-medication
interventions.

When no-treatment control conditions and placebo conditions are unethical, TAU
conditions provide a useful alternative. For example, in a single subject study exam-
ining blood pressure, a patient may present with the problem of only partial suc-
cess on a current medication. In an A-B-A-B-A-B alternating design, the current
medication could be used in the TAU control condition (A) and a new medica-
tion could be used in the experimental condition (B). Thus, there would be a use-
ful baseline for examining the effects of the new medication, and the patient’s
health would not be jeopardized by using a placebo or endure a no-treatment
phase.

In instances where a patient presents with a newly diagnosed medical condition
and has either been receiving no medical intervention, or a substantially inferior
treatment, and several known effective treatment options are available, use of the
no-treatment control, placebo control, and TAU control conditions is not advised.
Instead, the researcher may wish to conduct a study comparing two or more known
effective treatments to determine which is most suitable for a particular patient (e.g.,
an A-B-C-B-C-B-C design, where A represents a baseline monitoring phase and
conditions B and C represent known effective treatment options).

Withdrawal Designs

Investigators must closely monitor patients whenever they are withdrawn from a
particular treatment, as the removal of many interventions can allow the recurrence
of previous symptoms or cause withdrawal reactions [16, 24, 25]. Although strict
withdrawal designs (A-B-A) are used infrequently, most single subject studies will
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require a patient to repeatedly withdraw from a treatment to a baseline phase (e.g.,
switching from B to A and an alternating A-B-A-B-A-B design) or withdraw from
one intervention to begin another (e.g., A-B-C-B-C-B-C). If during a withdrawal
phase severe prior symptoms recur or new symptoms appear, it may be necessary
for the health of the patient to reinstate the treatment that was being used prior
to the withdrawal phase, and consider modifying the methodology of the study.
For medications known to cause withdrawal reactions, the physician or practitioner
would be advised to slowly taper off dosages, rather than abruptly switching from
one phase to the next.

Research Context

In addition to considering how to conduct single subject research ethically,
researchers may also wish to examine how single subject research ethically fits
within the greater context of epistemology in science. Single subject research can
provide valuable evidence for the effectiveness of biomedical interventions, in and
of itself, or as an adjunct to Randomized Controlled Trials (RCTs). According to
utilitarian philosophy, the purpose of science should be to foster health and well-
being, and single subject research should be a necessary component of the skilled
researcher’s repertoire in meeting this goal.

Facilitating Research

According to utilitarian philosophy, primary care practitioners should aim to
improve the health and well-being of society as much as possible. RCTs have tra-
ditionally been used to promote scientific knowledge in biomedicine. Although
research is valuable in promoting societal well-being, no single methodology is
applicable to all research scenarios [10, 11]. The greater acceptance of all research
methodologies, including epidemiological studies and single subject research,
would ensure that biomedicine is maximizing its research potential. Primary care
practitioners have generally contributed to societal well-being on an individual
basis, but single subject research allows practitioners to contribute to public health
on a much larger scale by providing a means for sharing treatment outcomes. Thus,
the use of single subject research is necessary for enhancing research options avail-
able for biomedicine, and also for providing a means for a greater number of inves-
tigators to make valuable contributions to science.

Although single subject studies should be valued as a research methodology in
their own right, they also have the potential to make important contributions to
science when used adjunctively amidst RCTs. When embedded within RCTs, for
example, single subject research has been shown to improve treatment adherence,
decrease side effects, and facilitate treatment outcomes [10]. To the extent that this
methodology improves patient care and aids research, it should be valued from a
utilitarian perspective.
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Chapter 6
Application of the Single Subject Design
in Biomedicine

Although there is a long tradition of employing single subject designs in social sci-
ence research, these designs have only recently been utilized in biomedicine. The
single subject design methodology has been overlooked in biomedicine, even though
physicians are essentially conducting single subject (N-of-1) trials when conduct-
ing patient care (i.e., treating a patient). This research design can be used to study
the time course, variability, or effect of an intervention or treatment on a single
patient [1]. In a primary care setting, the patient generally exhibits symptoms and
the physician follows evidence-based or appropriate steps to treat these symptoms.
The physician evaluates the patient’s history, signs, symptoms, medical test results,
and examines the patient, and subsequently implements a treatment or intervention
if warranted. In order to determine treatment effectiveness, the symptoms are later
examined to determine if they are ameliorated or eliminated. In primary care set-
tings, standardized procedures are employed that include objective measurement
of the outcomes, such as systolic blood pressure measurements. These design and
intervention procedures are analogous to the standardized procedures used in single
subject research designs, such as testing the effectiveness of a medication over a
course of time. Specifically, Janosky [1] has demonstrated the applicability of the
single subject design to primary care practice-based research. This chapter high-
lights both past and current uses of single subject designs in biomedicine. In addi-
tion, an overview of the procedures for conducting a study will be illustrated through
biomedical research examples, and finally, an annotated bibliography in Chapter
Seven contains refereed publications included as a systematic review.

Past and Current Application of the Single Subject
Design in Biomedicine

Research in biomedicine appears to rely on randomized parallel group clinical trial
designs and considers these trials the “gold standard” when determining treatment
effectiveness. However, large-scale trials contain inherent limitations in that they
can be expensive and time consuming. In addition, patients are unique and may not
respond similarly to various treatments, and in those instances a randomized clinical
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trial design may be inappropriate. Guidelines are established from the averaged
study findings, which may not necessarily be applicable when evaluating suitable
treatment options for individuals [1]. Specifically, patients treated in primary care
settings may differ clinically from patients in the clinical trial, the patient diversity
in the clinical trial may not generalize to certain patient populations, and the strin-
gent trial criteria for accepting participants may not accurately reflect general patient
populations [1]. This is an important consideration as the field of biomedicine strives
to pursue cultural competency. Single subject designs also provide greater flexibility
for treatments, as ineffective interventions can be modified over the period of study
[2]. Thus, single subject designs should be considered when conducting research in
biomedicine, as the methodology and interventions can be tailored for specific indi-
viduals. In recent literature, it appears these designs are receiving more recognition,
as they are being increasingly employed in research across disciplines [3].

Treatments are often unavailable for unique patient populations or rare disorders,
and researchers are left uncertain what designs or tools to use when implementing
treatments. In response to these issues, an Institute of Medicine committee created
recommendations for conducting trials with small sample sizes. This report, Small
Clinical Trials: Issues and Challenges [4], discusses guidelines for using single sub-
ject designs. Small clinical trials should be considered for rare diseases, along with
unique study populations when clinical trials would not have a sufficient sample
size to provide adequate power. If clinical trials do not have sufficient statistical
power, or a large enough sample, then researchers are unable to determine treat-
ment effects with a high degree of certainty. Single subject designs are warranted
in situations when the standard approach to clinical trials is not feasible, such as
with unique patient populations, public health urgency, and emergency situations
[4]. Small clinical trials are also appropriate for individually tailored therapies (e.g.,
managing hypertension, diabetes) and within isolated environments.

As was presented in Chapter 1, in the 1980s, McMaster University [5] designed
a service for community and academic physicians to facilitate the planning and con-
duction of single subject (N-of-1) trials. The effectiveness of the trials was evaluated
by the physicians’ management plans and confidence levels in the plans both prior
to and following trials. A total of 57 single subject trials were completed, with 50
trials providing a definite clinical answer and 15 resulting in the physician alter-
ing patient treatment. In those 15 trials resulting in treatment adjustment, 11 trials
lead to physicians discontinuing the medication therapy they planned to adminis-
ter indefinitely. Trials that were not completed generally stemmed from patient’ or
physician’ noncompliance or patient’ concurrent illness. From this service evalua-
tion, the collaborative team at McMaster University [5] concluded that single subject
trials would be useful for providing treatment in clinical settings.

More recently, researchers in Australia developed a single subject (N-of-1) trial
service for physicians that was used to examine the effectiveness of stimulants for
AD/HD treatment [6]. The premise of its development was to lessen the chal-
lenge of predicting which children would respond to stimulant medications and
various dosages. Thus, the service allowed flexible dosing, compared to imple-
menting fixed dosages by weight, and it also used multiple crossovers, rather than
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only one. Patients included in the trial service were children between the ages of
5 and 16 who were clinically diagnosed with AD/HD, and in the past were sta-
bilized with an optimal stimulant dose. These patients were selected because past
treatment effectiveness was questionable. The design consisted of a within-patient
randomized, double-blind, crossover comparison of stimulant (dexamphetamine or
methylphenidate) versus placebo or alternative stimulant, with 3 treatment period
pairs. Since access to services is limited in Australia due to geographically spread
of communities, trials were conducted from a central location through mail and tele-
phone communication. Measures used to evaluate treatment effectiveness included
the number of patients recruited, number of doctors who used the service, geo-
graphic spread, completion rates, response rate, and N-of-1 decisions following the
trial. Out of 45 physicians requesting 108 N-of-1 trials, 86 trials were completed.
Immediately following the trial, 19 of 25 drug versus placebo responders continued
taking the same stimulant, while 13 of the 24 individuals that did not respond dis-
continued or switched stimulants. Of those in which data were available, in 40 of
the 63 patients, posttrial management was consistent with trial results. In all of the
trials combined, management changed for 28 of 64 patients for whom information
was accessible. The authors concluded that N-of-1 trials targeting AD/HD symp-
toms can be employed successfully through mail and telephone communication and
they are also valuable for examining intervention effects.

Numerous studies have highlighted the importance of the single subject design
paradigm in primary care. for example, Powers et al. [7] evaluated behavioral and
nutrition treatment in children with cystic fibrosis using a changing criterion single
subject design. The intervention consisted of a 5-week long nutrition counseling
and child behavioral management training for parents. The aim of this investigation
was to increase the amount of calories consumed each day, in order to improve
energy levels. Ten families were randomized, in which four were assigned to the
behavioral and nutrition treatment and six families were included in the usual care
control condition. The researchers found the intervention was indeed successful, as
total daily caloric intake increased only in the presence of the treatment.

Single subject designs have been effective in treating patients with diabetes, espe-
cially for altering pharmaceutical dosages. Tsapas and Matthews [8] discussed that
N-of-1 trials can be an optimal approach when treating chronic diseases such as
diabetes mellitus, which frequently rely on clinical judgment and arbitrary crite-
ria. The authors stated that guidelines for treating diabetes have been criticized as
being unreliable, as algorithms are generally established from “clinical judgment
and experience.” Single subject designs take into account the uniqueness of the
individual, rather than using a standarized treatment that may not be effective for
all diabetics.

A large portion of research studying treatments for aphasic patients relies on
single subject designs. In response to the popularity of the single subject design,
Beeson and Robey [9] evaluated the “lessons learned” from its use in the aphasia lit-
erature. This article presented situations where researchers should use single subject
designs versus large clinical trials, and researchers are advised to initially examine
new treatments with a small number of patients, rather than using large-scale studies.
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Next, additional studies should be created as follow-ups, which can adjust or refine
the methodological procedures, discern the most appropriate candidates, and con-
tinue to determine the potential efficacy of the treatment. If results appear promising
from the pre-efficacy studies, then well-controlled group designs can examine treat-
ment efficacy using controlled conditions. In essence, large-scale research studies
should be conducted once techniques are sound and results have positive outcomes.
If a treatment demonstrates to be efficacious, then research should ensue to evalu-
ate the impact of treatment under conditions of service delivery, which translates to
effectiveness. A cost-benefit analysis could be included as a final phase. In addition
to the aforementioned steps, Beeson and Robey [9] presented an approach to quan-
tifying results from single subject designs using effect sizes, since there is debate
that solely evaluating data with visual graphs can lead to error (See Chapter 4).

There is utility in using the single subject design in a multitude of fields. Recently
an editorial by Rapoff and Stark [2] appeared in the Journal of Pediatric Psychol-
ogy, with the goal of encouraging researchers to submit research employing sin-
gle subject methodology to this journal. Specifically, the authors reviewed designs
appearing in the pediatric psychology literature and discussed how single subject
methodology can be useful for promoting the mental health, health, and quality of
life of children, along with advancing research in the field.

The broadened use of single subject research designs could have a significant
impact in primary care and biomedicine. The application of single subject designs
can be presented for instruction to biomedical students, residents, fellows, and
medical research faculty and practitioners. Increasing awareness of this design can
enhance the researcher’s repertoire and expertise of research methodologies avail-
able for treating patients and developing research designs. As indicated by the
National Institutes of Health (NIH) Roadmap (NIH Roadmap Initiative [10]), there
is a need to establish programs that train individuals to conduct research with sound
methodological designs. Under the leadership of Dr. Elias A. Zerhouni, NIH cre-
ated the Roadmap initiative [10] with the overarching goal to accelerate the pace of
discovery in the life sciences and the translations of effective therapies from bench
to bedside. Scientific advances are made from the interface of traditional disciplines
with integrative investigators from diverse research backgrounds, and the utilization
of interdisciplinary research encompasses the strengths of two or more diverse sci-
entific disciplines working collaboratively to research a scientific inquiry. A basic
tenet is that researchers involved in the Clinical Research Workforce Training should
be engaged in all aspects of clinical research, which will lead to studies containing
tenable research methodology. In order to successfully produce studies of sound
quality, future investigators are admonished to understand the issues and to acquire
the necessary research skills. Single subject designs are an innovative addition to the
arsenal of available methodology for addressing biomedical research inquiry. This
design has the potential to be applied more readily for appropriate research ques-
tions, particularly for community-based research, and as a methodological research
tool for the NIH Roadmap designed “Research Teams of the Future” [10].

As with any research design, there are inherent limitations associated with sin-
gle subject studies. There may be limits in generalizing the findings, such as the
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effectiveness of an intervention or the size of the benefit, across populations of
patients [1]; however, replication of treatment results across a series of patients
can increase confidence in generalizability. Another potential weakness lies with
the options for inferential statistical analysis, as these are unlikely to be valid or
available for single subject designs [12, 13]. Nonetheless, there are other more valid
statistical methods available for treatment evaluation, such as the nonparametric
smoother [11, 12]. Despite the limitations of the single subject design, tenable and
accurate tests of intervention effectiveness can be conducted with patients.

Overview for Conducting a Single Subject Design

This section provides an overview of the methodology and steps involved in carrying
out a single subject design. The application of a single subject research design,
as in implementation of all research designs, must begin with the research ques-
tion of interest. These questions could include investigating how a treatment would
affect an outcome; for example, how an antihypertensive medication will impact
blood pressure levels. The intervention or treatment (i.e., independent variable) and
outcome (i.e., dependent variable) must be operationalized. The independent vari-
able is considered to be an intervention (e.g., blood pressure medication) and the
dependent variable is the variable of interest or the outcome (e.g., diastolic and sys-
tolic blood pressure measurements). In biomedicine, the dependent variable could
encompass outcomes like the clinical impact, laboratory values, intensity, number,
or duration of a symptom, and so forth. The choice of the outcome must be driven
by the study goals, as well-controlled outcome measurements are analyzed over a
period of time. Methods for measuring and recording outcomes could entail obser-
vation, self-report, clinical assessment, and physiological measurement among oth-
ers [14]. Strengths and weaknesses of various methods should be explored. For
instance, reactivity could occur with self-monitoring and observation of behavior
[15]. In addition, the researcher would also determine the frequency and structure
of assessing the outcomes, such as whether to record outcomes daily, weekly, or
under what environmental setting. Measurements should be standardized and base-
line phases should be identical to procedures employed during the intervention [16].
Since single subject designs rely on examining the progression of outcomes over
time, continuous assessment of outcomes is essential. Multiple outcome measure-
ments allow for examination of the patterns and stability of the outcome or depen-
dent variable. Inferences can be drawn from analyzing outcomes patterns between
the time a treatment is withheld, implemented, altered, or removed. This allows the
researcher to generate accurate inferences regarding sources of variability on the
outcome, particularly when alternating experimental designs are used.

The cardinal rule when implementing an intervention is to change one variable
at a time throughout each phase, in order for intervention effects to be evaluated
independently [14]. The physician or researcher should identify a criterion for suc-
cessful treatment a priori to determine the effectiveness of the intervention. If an
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intervention is not successful in promoting change during the intervention phase,
the intervention can be altered or a new treatment phase may be implemented [17].
Examples of interventions may include pharmaceutical therapy for hypertension or
insulin therapy for blood glucose control.

Baseline (A-phase) phases are useful within single subject design, in that the
occurrence of the outcome can be measured prior to the employment of an inter-
vention. The baseline phase can be used for comparative purposes with the outcome
measurements of the remaining phases, such as the treatment (B-phase). Baseline
measurements are generally recorded prior to intervention implementation. Base-
line data serve as a standard of current performance that can be compared to future
changes in the outcome [14, 17]. There are no strict guidelines for determining the
length of time for measurement; however, it is suggested that five to seven measure-
ments occur within the A-phase, or measurements be continued until stable [12].

Strengths and limitations of particular designs should be acknowledged prior
to study implementation. For example, as discussed in Chapter 3, although the
A-B design is simple to use in clinical settings, a disadvantage is that it cannot con-
trol many threats to internal validity, like maturation, history effects, testing effects,
and instrumentation [20]. For example, with maturation effects there is potential for
the developmental changes of a patient to alter along with the treatment. Also, there
are many issues pertaining to treatment withdrawal in an A-B-A design. As reviewed
in Chapter 5, ethical concerns exist when withdrawing treatment, as the patient is
no longer receiving potential benefits of the treatment; however, intervention with-
drawal is frequently necessary in order for attributing outcome improvement to the
intervention. Multiple factors are frequently involved in this decision-making pro-
cess, such as time limitations, staff cooperation, and ethical considerations [14]. In
the event that treatments are withdrawn during the study, participants are generally
offered the full treatment benefits following the conclusion of the study.

When analyzing treatment effectiveness across the study phases, a number of
methods can be employed for determining change in the outcome, as reviewed in
Chapter 4. Visual analysis through graphical representation of the data is commonly
used. Komaki, Coombs, Redding, and Schepman [18] recommend using a set of cri-
teria for evaluating single subject design data, referenced with the acronym “OCT”.
The overlap (O) in data points should first be examined between phases, next the
measure of central tendency (C) for each phase is calculated, and subsequent out-
come trends (T) are analyzed. When analyzing data visually, researchers should
first examine data within conditions or phases, including the number of data points,
variability, level, and trends. Following data inspection within phases, data analy-
ses between conditions should be continued using the same criteria (i.e., number of
data points, variability, and trend) [18]. In addition, if a clinical criterion was estab-
lished a priori, the overall evaluation may determine whether outcome levels reached
this criterion, such as a sustained target of systolic blood pressure measurements
(e.g., 110 for systolic blood pressure). However, researchers should be cautioned
against solely relying on visual inspection of data since subjectivity may be heavily
involved. Consequently, time-series analysis, curve fitting, the C statistic, analysis
of variance (ANOVA), among others, have been suggested as alternative methods
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for data analysis [11]. The split-middle technique could also be applied, which
combines the graphical display of data and formal statistical inference, as it fits
a straight line to data points within phases [19, 20]. Parametric statistics can provide
greater clarity in cases of intra-subject variability [13]; however, due to assumptions
of traditional statistical tests being frequently violated, these statistical methods may
be inappropriate in many situations [11]. Within the single subject paradigm, the
nonparametric smoother [21] has been proposed as a more appropriate method for
analyzing data, as it does not contain statistical restrictions inherent in parametric
tests [11, 12].

Illustrations of Single Subject Design Application

Example 1

Figure 6.1 contains a display of data representing results from a single patient study.
The patient was a 52-year-old Caucasian, female who was nonobese. Presented are
data for glucose intolerance, insulin response to oral glucose, and insulin resistance.
Two different doses of a glucose load were administered orally in treatments 1 and
2. Glucose intolerance and insulin response to oral glucose are the areas under the
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Fig. 6.1 An alternating treatments design is presented targeting glucose area, insulin area, and
steady state plasma glucose
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straight line connecting glucose and insulin levels. These outcomes were determined
from blood samples drawn during a three hour glucose tolerance testing following
treatment administration. Steady state plasma glucose was the measure of insulin
resistance, as determined after the chemical suppression of endogenous insulin
secretion. Measurements are presented for one-week assessments both before and
after a change in the dosage of an oral agent.

During the development of this study, the researcher likely had a goal or ques-
tion that provided direction during the decision-making process. The investigation
analyzed the effects of two different doses of a glucose load on glucose area, insulin
area, and steady state plasma glucose. Since the design included one type of inter-
vention, the main research question was if different dosages would differentially
influence the target outcomes. The investigators decided on using three outcomes
that were measured simultaneously throughout the course of the study. An alter-
nating treatments design was employed without a baseline phase. Baseline phases
are preferable in single subject designs, as the occurrence of the outcomes can be
later compared with outcomes derived from intervention implementation. However,
there are situations when a baseline phase may not be unnecessary or not feasible.
A baseline may not be warranted if there is urgency for providing treatment to a
patient, or if the study has financial or time constraints.

Standardization of the procedures and timing of measurement is also essential, in
order to decrease the impact of extraneous variables on the target outcomes. These
researchers gathered outcome measurements on a weekly basis. Specifically, blood
samples were drawn during a three hour glucose tolerance testing following treat-
ment administration. The procedures and environmental setting for gathering the
outcome measurements were consistent week to week. A lack of standardization,
such as varying the time of gathering the outcome measurements, increases the
potential for procedural alterations to affect the measurement, rather than the inter-
vention alone. Also, continuous assessment is crucial when conducting a single
subject design, as trends in the data assist researchers in determining intervention
effects. If there are too few data points within a phase, uncertainty of the trends
or treatment effects can occur. As illustrated in Figure 6.1, this particular study ana-
lyzed the first intervention, or glucose dose, over a course of four weeks, whereas the
second intervention, or dose alteration, was examined over a period of five weeks.
Multiple data points in each phase allowed for trends to be analyzed both within
and between intervention (B) phases. Phases should be continued until data trends
are fairly stable. As shown in Figure 6.1, the target outcomes of glucose and insulin
area gradually increased during the first intervention phase, with the exception of
the small dip between weeks 2 and 3. Examining the outcomes in the second inter-
vention phase, in which the dosage was altered, there was a slightly steeper decrease
in glucose area compared to insulin area levels. Referring to the steady state plasma
data points, levels remained relatively stable within and across both interventions.
Taking this visual analysis into account, it appears the first dosage resulted in an
increase of glucose and insulin area levels, whereas the second intervention was
responsible for a decrease in these outcome variables. In terms of statistical analy-
ses, a split-middle technique could be employed in this example, in which a straight
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line is fit to the data points within phases. The nonparametric smoothing method
could also be used for examining the time series of data points.

Example 2

These data represent the results from a single patient study. The subject was
a 19-year-old African-American, female university student being treated in a
psychiatric care facility for anorexia. Figure 6.2 presents data for total calo-
ries consumed each day (i.e., daily total caloric intake). The conditions reported
included the on-admission/baseline (days 1-3), active pharmaceutical intervention
(days 4—18), active pharmaceutical and behavioral intervention (days 19-32), and
monitoring until discharge (days 33-45).

During the development of this study, the research goal was the investigation of
which interventions would be most effective for increasing daily caloric intake. Food
consumption was monitored over the course of the study, particularly the accumula-
tion of calories consumed each day. The study examined the intervention (B) effects
of an active pharmaceutical intervention versus the identical pharmaceutical treat-
ment with the inclusion of a behavioral intervention. Baseline phases (A) were also
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Fig. 6.2 An A-B-B-A design illustrating the course of treatment for an anorexic patient with
caloric intake as the outcome variable
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included to determine the daily caloric intake, which could be used for comparison
of caloric intake during the two interventions. Specifically, this study is an A-B-B-A
single subject design. The initial phase was employed prior to any of the treatments
and likely reflected the patient’s regular caloric intake in her environment. The final
baseline phase included withdrawal of both interventions, as the investigator sought
to study whether the intervention effects would continue with absence of treatment.
In single subject designs, this second baseline phase, considered a reversal, is gen-
erally an attempt to revert the outcome variable to initial baseline levels [20, 22].
However, it is not always plausible that an outcome will revert to its original lev-
els following withdrawal of an intervention, especially in this case, as interventions
can contain long-lasting effects. There are also ethical concerns when withdraw-
ing treatments that are potentially beneficial, but it is often a necessary condition
for determining treatment effectiveness. In this particular case, perhaps the inves-
tigators were interested in knowing whether the patient would maintain a healthy
caloric intake without interventions; that is, the treatment benefits may continue
to exist following the intervention withdrawal. Furthermore, the researchers could
have also been testing patient stability prior to discharging her from the inpatient
clinic. Ethical concerns can be ameliorated through offering a continuation of treat-
ment services following termination of the study. In this example, however, Fig. 6.2
reveals that the final baseline phase did not produce any apparent adverse effects, as
the patient’s daily caloric intake continued to improve.

As in all single subject designs, it is crucial that procedures are standardized for
greater experimental control. The researchers in this study chose to measure caloric
consumption over the course of the day. Each day, total calories were used as the
target outcome of measurement. The length of each phase was also important in
this study. In general, the phases should be continued until outcome trends are sta-
ble and contain little variability. As displayed in Fig. 6.2, the initial baseline phase
only contained three daily measurements. It is likely the patient was in great need
of an immediate intervention, as her daily caloric levels were extremely low and
unhealthy. Next, between days 4 and 18, the first pharmaceutical intervention was
employed. This phase contained several data points that could be used for drawing
treatment inferences. Figure 6.2 shows that the initial six days of the first inter-
vention produced little change in the patient’s daily caloric intake; however, there
was a sharp increase in caloric intake between days 9 and 10, which led to gradual,
steady increases for the remainder of the phase. It is possible the medication effects
were slow initially and required a few days to make a significant impact. The sec-
ond treatment phase continued to include the pharmaceutical intervention, but also
added a behavioral intervention. Since the medication intervention was continued,
the investigators were likely examining if there were added benefits to employing
a behavioral treatment. However, the effects of this added intervention should be
interpreted with caution, as medication effects interacted with this intervention and
could have contributed to potential outcome variation. In this example, a compari-
son of trends within each treatment could be examined with the split-half method
or possibly other statistics. As shown in Fig. 6.2, steady treatment gains appear
not only within the second intervention phase, but also in the final baseline phase
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of monitoring daily caloric intake. Visual inspection of this graph reveals that the
interventions produced considerable change in the daily caloric intake of an anorexic
patient. In addition, previously discussed statistical methods could be employed for
further data analysis.

Example 3

These data represent the results from a single subject A-B-B design. The patient
was a 7-year-old, mixed race (African-American and Caucasian), male who was
being treated for an obsessive compulsive behavior of head banging. Reported is
the duration, in minutes, of the first incident reported per day. The treatment was
administrated by the patient’s father, with the conditions of baseline (days 1-7),
active behavioral intervention (days 8—17), and active pharmaceutical and behav-
ioral intervention (days 18-52).

In this example, the research question was whether two differing interventions
(behavioral intervention versus both behavioral and pharmaceutical interventions)
could decrease the duration of the initial daily episode of head banging. The patient’s
father monitored and recorded the number of minutes the patient initially engaged in
head banging activity each day. The researchers selected an A-B-B design for this
subject. For the first seven days, the patient’s head banging activity was recorded
in the absence of any interventions. Figure 6.3 displays the various phases in this
design. Referring to the first baseline (A) phase, the patient’s initial duration of head
banging activity each day ranged between 40 and 50 minutes. Following baseline
stability, the first treatment phase of active behavioral intervention was employed.
The father was instructed regarding the study and intervention procedures. He likely
had frequent contact with the patient, as the outcome measurement included the
first incident of head banging activity each day, recorded in minutes. This behav-
ioral intervention occurred between days 8 and 17, which provided a number of
data points that could be used for trend analysis. Figure 6.3 shows that in the first
intervention there was an initial increase in minutes of head banging activity in
comparison with the baseline levels. This increase could be due to the patient’s
reaction to the new intervention or other extraneous variables. Nonetheless, there
was a sharp decrease in head banging duration between days 8 and 11, which
subsequently resulted in a more gradual, steady decrease. The second intervention
phase was introduced at day 18 and continued until day 52. This second interven-
tion retained the first behavioral intervention and added a new pharmaceutical treat-
ment. The investigators examined whether including a medication treatment would
alter outcome trends, further decreasing head banging activity. Referring to the sec-
ond intervention in Fig. 6.3, it appears that the outcome continued to decrease over
the course of the phase. It is difficult to ascertain, however, whether the behavioral
intervention or pharmaceutical intervention had a greater impact on the outcome
decrease. An issue with single subject designs is that researchers must decide the
order of the interventions. Since residual effects of treatments linger even follow-
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Fig. 6.3 An A-B-B design displaying the duration of head banging activity each day through the
inclusion of a baseline phase and two differing treatment phases

ing treatment reversals, it is challenging to obtain a pure measure of the second
intervention’s effects. This problem is essentially why continuous assessment is
important, as researchers rely on data trends when examining treatment effects.
Nevertheless, results of this study revealed that both interventions were equally
successful in reducing duration of head banging behavior. To further examine the
data, median coordinates could be calculated within each phase and a split mid-
dle technique could plot data trends. Other statistics, such as an analysis of variance
(ANOVA) could be employed for comparative purposes; however, inferences should
be made with caution since statistical assumptions are violated. Overcoming these
statistical limitations is the use of the nonparametric smoothing technique [12]. As
such, the parametric smoothing technique could be used to examine trends between
phases [12].

There are several issues the researchers likely considered throughout the course
of this study. First, the patient’s father was responsible for implementing the inter-
ventions and recording the duration of head banging activity. There is less experi-
mental control in this example, as the researchers or physician trusted the patient’s
father would be compliant with adhering to the standardized procedures of the study.
If the father was inconsistent with the treatment protocol, the study’s internal valid-
ity would be threatened. Specifically, changes in the outcome may be attributable
to errors in measurement recording or inconsistency in treatment implementation



Ilustrations of Single Subject Design Application 93

(e.g., weak medication adherence). In addition, the patient’s behavior could have
varied by being aware that his head banging behavior was being recorded. Also,
the study setting took place in the patient’s home, which is an uncontrolled set-
ting. There are strengths and limitations associated with the home setting versus a
controlled laboratory setting. Although experimental control is extremely important
when conducting single subject designs, there are instances when the occurrence of
a behavior may not be observable in a more sterile, controlled setting. The patient
may not display the same duration of head banging behavior outside of the home.
Also, since the problem appeared to occur within the home setting, it would be rea-
sonable to give intervention instruction to an individual who has frequent contact
with the subject. Other threats to internal validity include maturation effects, as the
natural development of the patient could have potentially lead to outcome variation;
however, in this particular study, it is inferred that this was not an issue since the
initial baseline levels were fairly stable.

Example 4

These data represent the results from a single patient study. The subject was a
42-year-old, mixed race (African-American and Asian), male who was treated
for elevated blood pressure. The conditions were daily measurements (following
breakfast) of diastolic and systolic blood pressure (mm Hg) during baseline (days
1-7), active pharmaceutical-dose 1 and dietary intervention (days 8—15), along with
active pharmaceutical-dose 2 and dietary intervention (days 16-31).

The research question through this illustration involved testing the impact of two
differing interventions (behavioral intervention versus both behavioral and pharma-
ceutical interventions), specifically whether these interventions would decrease ele-
vated systolic and diastolic blood pressure levels. The researchers first determined
that the outcomes would consist of systolic and diastolic blood pressure. The fre-
quency and timing of the measurement was also considered. Important data may
not be gathered if there are long latencies between measurements. Consequently,
daily measurements were obtained under standardized procedures, reducing out-
come variability from extraneous variables outside of the study. For example, blood
pressure levels may alter depending on the time of day and the level of activity; thus,
it is important to obtain consistent measurements during the same time of day. In
this example, the investigators chose to gather measurements following the patient’s
breakfast. During the initial baseline (A) phase, daily blood pressure measurements
were recorded for 7 days in the absence of any interventions. Figure 6.4 displays
that the blood pressure levels were quite high, yet relatively stable in the baseline
phase. The first treatment phase (B) was introduced between days 8 and 15, which
contained an active pharmaceutical-dose 1 and dietary intervention. In the first treat-
ment phase, notice the gradual decline in both systolic and diastolic blood pressure.
This intervention was continued for a number of days, which was useful for ana-
lyzing trends over time. Next, the second treatment phase (B) was implemented
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Fig. 6.4 An A-B-B design illustrates interventions for reducing elevated systolic and diastolic
blood pressure levels

between days 16 and 31. This second intervention also included a dietary interven-
tion; however, the pharmaceutical dose was altered from the previous intervention
phase. Figure 6.4 shows that a significant decrease in blood pressure levels occurred
immediately within the second intervention. Specifically, at the conclusion of the
first intervention, blood pressure levels were 168/98 and at the introduction of the
second intervention levels sharply decreased to 152/88. The decrease in both systolic
and diastolic blood pressure continued over the course of the second intervention
phase. As in the first intervention, systolic blood pressure in the second treatment
phase declined steadily. There was greater variability in diastolic blood pressure
within the first few days of the second intervention. A sharp decrease is shown in
Figure 6.4 between days 17 and 19; however, the next few days resulted in a slight
increase, followed by a gradual decrease over the remaining duration of the phase.
It is challenging to disentangle the added benefits of the dietary intervention from
the pharmaceutical intervention in this study, considering they were employed con-
comitantly. If the researchers were interested in understanding the impact of the
dietary intervention alone, this intervention could have been enforced following
the baseline, prior to the implementation of a medication; however, it is likely the
researchers had the overarching goal of analyzing the differential impact of med-
ication dosage on blood pressure. Perhaps the dietary intervention was used for
stability purposes, as variability in diet could potentially influence blood pressure.
Experimental control is crucial for any experimental study. There are also several
validity issues the researchers may have considered. For one, medication adherence
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is important, as missed doses could alter outcome levels. In addition, the method
of obtaining blood pressure would need to be standardized. Blood pressure stand-
ing versus sitting could confound results. The researchers would have implemented
detailed procedures that were consistently used throughout the study, such as record-
ing blood pressure levels while the patient was sitting. Overall, it appears that both
interventions were successful in decreasing high blood pressure levels; however,
visual analysis of the graph reveals the second medication dose may have been more
effective than the first intervention.

Summary

The single subject design has been successful in illuminating research findings
across a variety of disciplines. It overcomes some of the inherent limitations found
in large-scale clinical trials, in that treatments are tailored for unique individuals
and can also be modified over time. Research supports the effectiveness of the sin-
gle subject design, from studying treatments for rare patient populations to pro-
viding N-of-1 trial services in assisting physicians. The single subject design is an
innovative addition to the arsenal of available methodologies for primary care physi-
cians, biomedical students, residents, medical research faculty, clinical practitioners,
among others. Consistent with the NIH Roadmap Initiative, increasing awareness of
the utility in the single subject design could enhance treatment approach and evalu-
ation both in biomedical research and primary care settings. The annotated bibliog-
raphy, presented in Chapter 7, identifies single-subject design articles published in
PsycInfo, MEDLINE, and PubMed.
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dation of percentage of non-overlapping data approach and the percentage of data
points exceeding the median of baseline phase approach. It also demonstrated the
application of the baseline phase approach in conducting quantitative syntheses of
single-subject research when investigating the effectiveness of self-control. Pubmed,
MEDLINE [71]

Madsen LG, Bytzer P. Single subject trials as a research instrument in gastroin-
testinal pharmacology. Alimentary Pharmacology & Therapeutics. 2002; 16(2):
189-196. The study defined how a single subject trial is a randomized controlled
trial , carried out in individual patients. The result obtained is precise to the individ-
ual patient and the drug being investigated. PubMed, MEDLINE [72]

Marklund I, Klassbo M. Effects of lower limb intensive mass practice in post-
stroke patients: Single-subject experimental design with long-term follow-up. Clin-
ical Rehabilitation. 2006; 20(7): 568-576. This study investigated the effects of
two weeks of intensive mass practice with a constraint-induced movement therapy
approach. Pubmed [73]

Martin GL, Thompson K, Regehr K. Studies using single-subject designs in sport
psychology: 30 years of research. Behavior Analyst. 2004; 27(2): 263-280. This
paper summarized the body of research, discussing its strength and limitations, and
identified areas for future research. PsycInfo [74]

McCracken JA. An intensive single subject investigation of clinical supervision:
In-person and distance formats. Dissertation Abstracts International: Section B: The
Sciences and Engineering. 2005; 65(12-B): 6663. The study measured the interper-
sonal behaviors of a supervisor and his/her trainees who participated in a clinical
supervision meeting in person and at a distance with videoconferencing technology.
Psyclnfo [75]

McDonnell J, O’Neill R. A Perspective on single/within subject research meth-
ods and “‘scientifically based research”. Research and Practice for Persons with
Severe Disabilities. 2003; 28(3): 138—142. The purpose of this study was to assist
the improvement of research in special education and the widespread use of efficient
practices in schools. PsycInfo [76]

McKelvey ML, Dietz AR, Hux K, Weissling K, Beukelman DR. Performance of
a person with chronic aphasia using personal and contextual pictures in a visual
scene display prototype. Journal of Medical Speech-Language Pathology. 2007,
15(3): 305-317. Using individuals with chronic nonfluent aphasia, the authors
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employed a single subject multiple baseline design to study the use of a contextual
picture-based system in an AAC device. PsycInfo [77]

McKerracher G, Powell T, Oyebode J. A single case experimental design com-
paring two memory notebook formats for a man with memory problems caused by
traumatic brain injury. Neuropsychological Rehabilitation. 2005; 15(2): 115-128.
This study compared two formats of memory notebook using an ABAB single-
case experimental design for a 46-year old man with a history of head injury.
Psyclnfo [78]

Megna J, O’Dell M. Ataxia from lithium toxicity successfully treated with
high-dose buspirone: A single-case experimental design. Archives of Physical
Medicine & Rehabilitation. 2001; 82(8): 1145-1148. This paper discussed use of
a prospective, open, single-case research design. This design was used to describe
considerable subjective and objective dose dependent development of ataxia after
unusually elevated doses of buspirone taken by a patient. The patient’s severe ataxia
was specifically due to lithium toxicity. PubMed, MEDLINE [79]

Michaud TC, Nawoczenski DA. The influence of two different types of foot
orthoses on first metatarsophalangel joint kinematics during gait in a single
subject. Journal of Manipulative and Physiological Therapeutics. 2006; 29(1):
60-65. This study reported the measurement for the effect of two distinct
foot orthotic designs on in vivo multisegment foot and leg motion; in particu-
lar, the first metatarsal and first metatarsophalangeal joint during gait. Pubmed,
MEDLINE [80]

Miller EW, Combs SA, Fish C, Bense B, Owens A, Burch A. Running train-
ing after stroke: A single-subject report. Physical Therapy. 2008; 88(4): 511-522.
This study investigated the effectiveness of an intensive task-oriented training in the
body-weight-support/treadmill environment to improve running for a subject after
stroke. MEDLINE [81]

Murphy PS. The effect of classroom meetings on the reduction of recess prob-
lems: A single case design. Dissertation Abstracts International Section A: Human-
ities and Social Sciences. 2002; 63(4-A): 1256. This paper conducted classroom
meetings as an effective social problem-solving intervention in the reduction of
recess problems. PsyclInfo [82]

Nash MS, Johnson BM, Jacobs PL. Combined hyperlipidemia in a single subject
with tetraplegia: Ineffective risk reduction after atorvastatin monotherapy. Journal
of Spinal Cord Medicine. 2004; 27(5): 484-487. This study showed the effects of
an atorvastatin drug monotherapy (10 mg daily) on fasting blood lipid contours
and cardiovascular disease risks, which were examined for a single subject with
tetraplegia. PubMed, MEDLINE [83]

Naude JH. Evaluating the efficacy of solution-focused couple therapy using sin-
gle case design. Dissertation Abstracts International: Section B: The Sciences and
Engineering. 2000; 61(3-B): 1646. By means of single subject design methodology,
relationship contentment and goal attainment in eight couples exposed to solution-
focused therapy were observed. [84]

Newcombe RG. Should the single subject design be regarded as a valid
alternative to the randomised controlled trial? Post Graduate Medicine Journal.
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2005; 81(959): 546-547. A debate on the proper applicability of single-subject
designs. { Discussion of Janosky [39]} PubMed [85]

Nikles CJ, Mitchell GK, Del Mar CB, Clavarino A, McNairn N. An n-of-1 trial
service in clinical practice: Testing the effectiveness of stimulants for attention-
deficit/hyperactivity disorder. Pediatrics. 2006; 117(6): 2040-2046. This study
described the clinical use of n-of-1 trails for attention-deficit/hyperactivity disor-
der in publicly and privately funded family and specialized pediatric practice in
Australia. Pubmed, MEDLINE [86]

Odom SL, Brown WH, Frey T, Karasu N, Smith-Canter LL, Strain PS. Evidence-
based practices for young children with autism: Contributions for single-subject
design research. Focus on Autism and Other Developmental Disabilities. 2003;
18(3): 166—175. The purpose of this article was to examine the scientific indica-
tion provided by single subject research, which supported effective intervention and
educational practices for young children with autism. PsycInfo [87]

Odom SL, Train PS. Evidence-based practice in early intervention/early child-
hood special education: Single-subject design research. Journal of Early Interven-
tion. 2002; 25(2): 151-160. This study examined the strength of scientific evidence
from single subject research underlying the Division of Early Childhood Recom-
mended Practices. PsycInfo [88]

O’Grady AC. A single subject investigation of behavioral and cognitive therapies
for body dysmorphic disorder. Dissertation Abstracts International: Section B: The
Sciences and Engineering. Jan 2002; 63(6-B): 3019. The purpose of this study was
to focus on suggestions for behavioral and cognitive theories of symptom mainte-
nance, as well as on construing current findings within the body dysmorphic disor-
der outcome literature, and further clinical suggestions. PsycInfo [89]

Olive ML, Smith BW. Effect size calculations and single subject designs. Edu-
cational Psychology. 2005; 25(2-3): 313-324. This study compared visual analyses
with five alternative methods for assessing the magnitude of effect with single sub-
ject designs. PsycInfo [90]

Onghena P, Edgington ES. Customization of pain treatments: Single-case design
and analysis. Clinical Journal of Pain. 2005; 21(1): 56—68. The intent of this study
was to notify pain researchers and practitioners of recent developments in the single-
case experimental approach. The potential for tailoring the treatment is also dis-
cussed, in addition to its evaluation of the specific complaints, aptitudes, or profile
of the individual patient, without violating the canons of good science and practice.
PubMed, MEDLINE, PsycInfo [91]

Orme JG, Cox ME. Analyzing single-subject design data using statistical process
control charts. Social Work Research. 2001; 25(2): 115-127. This paper discussed
the various statistical procedures in social work as well as topics related to outcome
variability, variables control charts, attributes control charts, and alternative decision
rules. PsycInfo [92]

Ownsworth T, Fleming J, Desbois J, Strong J, Kuipers P. A metacognitive
contextual intervention to enhance error awareness and functional outcome fol-
lowing traumatic brain injury: A single-case experimental design. Journal of
the International Neuropsychological Society. 2006; 12(1): 54—63. The purpose
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of this study was to present preliminary support for a metacognitive contextual
approach to improve error awareness and functional outcome. Pubmed, MEDLINE,
PsyclInfo [93]

Parker AT, Davidson R, Banda DR. Emerging evidence from single-subject
research in the field of deaf-blindness. Journal of Visual Impairment & Blindness.
2007; 101(11): 690-700. The authors discussed the utility of the single subject
design methodology in the field of deaf-blindness through review of the literature.
PsyclInfo [94]

Patrick PD, Patrick ST, Poole JD, Hostler S. Evaluation and treatment of the
vegetative and minimally conscious child: A single subject design. Behavioral
Interventions. 2000; 15(3): 225-242. This study emphasized two pediatric and ado-
lescent cases of treatment and recovery. Classifications brand a patient’s emergence
from coma as uncomplicated, complicated by confounding medical conditions, or
neuropathic complicated emergence. PsycInfo [95]

Pelletier MH. Cognitive-behavioral therapy efficacy via videoconferencing for
social (public speaking) anxiety disorder: Single case design. Dissertation Abstracts
International: Section B: The Sciences and Engineering. 2003; 63(12-B): 6103. This
study was designed to determine the efficacy of cognitive-behavioral therapy for
social anxiety via videoconferencing. PsycInfo [96]

Perone M. Statistical inference in behavior analysis: Experimental control is bet-
ter. Behavior Analyst. 1999; 22(2): 109—-116. This article discussed how single sub-
ject methods promote direct and continuous interaction between investigator and
subject, and treatment effects are demonstrated in experimental designs that incor-
porate replication within and between subjects. PsycInfo [97]

Plant G, Gnosspelius J, Levitt H. The use of tactile supplements in lipreading
Swedish and English: A single-subject study. Journal of Speech, Language, and
Hearing Research. 2000 43(1): 172—183. This study tested two languages, Swedish
and English, on a 55-year-old deaf Swedish man who has used a tactile supplement
to lip-reading for over 45 years. PubMed, MEDLINE, PsycInfo [98]

Plumer, PJ. Using peers as intervention agents to improve the social behaviors
of elementary-aged children with attention deficit hyperactivity disorder: Effects of
a peer coaching package. Dissertation Abstracts International Section A: Humani-
ties and Social Sciences. 2008; 68(7-A): 2813. The authors examined children with
attention deficit hyperactivity disorder and the effects of peer coaching an interven-
tion package. PsycInfo [99]

Powers SW, Piazza-Waggoner C, Jones JF, Ferguson KS, Dianes C, Acton JD.
Examining clinical trial results with single-subject analysis: An example involving
behavioral and nutrition treatment for young children with cystic fibrosis. Journal
of Pediatric Psychology. 2006; 31(6), 574-581. Using single subject analysis, this
study examined the method of change in a clinical trial of behavioral and nutrition
treatment for children aged 18—48 months with cystic fibrosis. Pubmed, MEDLINE,
PsyclInfo [100]

Price JD, Grimley EJ. An N-of-1 randomized controlled trial (‘N-of-1 trial”)
of donepezil in the treatment of non-progressive amnestic syndrome. Age & Age-
ing. 2002; 31(4): 307-309. This study was designed for a professional man who
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protracted a residual, persisting, isolated impairment of short-term memory, sec-
ondary to severe carbon monoxide poisoning. MEDLINE [101]

Rapoff M, Stark L. Editorial: Journal of Pediatric Psychology statement of pur-
pose: Section on single-subject studies. Journal of Pediatric Psychology. 2008;
33(1), 16-21. This editorial discussed the utility of single-subject designs for
improving health and quality of life for children and adolescents, with the aim to
encourage paper submission using this methodology. PsycInfo [102]

Reason R, Morfidi E. Literacy difficulties and single-case experimental design.
Educational Psychology in Practice. 2001; 17(3): 227-244. This paper discussed the
consideration of the use of single-case research design and reports an intervention
study that included monitoring the learning of eight children. PsycInfo [103]

Reifin L, Hauser E. A single subject analysis of consultation process, consul-
tee variables, and client outcomes. Dissertation Abstracts International Section A:
Humanities and Social Sciences. 2008; 55(9-A): 2776. This study evaluated how
a teacher’s perceptions of consultation services, changes in problem clarification
skills, and changes in attributions related to student outcomes of school-based con-
sultation. PsycInfo [104]

Rio DE, Rawlings RR, Woltz LA, Salloum JB, Hommer DW. Single subject
image analysis using the complex general linear model — An application to func-
tional magnetic resonance imaging with multiple inputs. Computer Methods and
Programs in Biomedicine. 2006; 82(1): 10-19. The purpose of this study was to
show how a linear time invariant model is applied to functional fMRI blood flow
data. Pubmed, MEDLINE [105]

Romanczyk RG; Gillis JM. Commentary on Drash and Tudor: An analysis of
autism as a contingency-shaped disorder of verbal behavior. Analysis of Verbal
Behavior. 2004; 20: 45-47. An etiological model for autism was critiqued, as well
as concern of overgeneralization of research findings to answer population-based
questions. PsycInfo [106]

Romeiser LL, Hickman RR, Harris SR, Heriza CB. Single-subject research
design: Recommendations for levels of evidence and quality rating. Developmen-
tal Medicine & Child Neurology. 2008; 50(2): 99-103. The purpose of this article
was to present a set of evidence levels and 14 quality or rigor questions in order to
promote review of published single subject research articles. MEDLINE [107]

Ruka SM. The effects of reminiscence on promoting a comfort zone: A single
subject study of people with dementia in a nursing home. Dissertation Abstracts
International: Section B: The Sciences and Engineering. 2004; 65(2-B): 658. This
study identified individual patterns of behaviors of elderly in nursing homes. It then
examined the association between an individualized reminiscence intervention, and
the behavioral pattern of resistance to care during bathing, as a basis for supporting
a comfort zone. PsyclInfo [108]

Rodman ML. A study of intensive, systematic direct instruction for an autis-
tic child. Dissertation Abstracts International Section A: Humanities and Social
Sciences. 2008; 68(7-A): 2896. The purpose of this study was to investigate the
effectiveness of intensive, systematic direct instruction at home, and classroom
experience for an autistic child’s behavior. PsycInfo [109]
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Schlosser RW, Sigfoos J. Augmentative and alternative communication
interventions for persons with elemental disabilities: Narrative review of compar-
ative single-subject experimental studies. Research in Developmental Disabilities.
2006; 27(1): 1-29. The intention of this article was to synthesize comparative AAC
intervention studies using single subject experimental designs involving participants
with developmental disabilities. Pubmed, MEDLINE, PsycInfo [110]

Schlosser RW. Meta-analysis of single-subject research: How should it be done?
International Journal of Language & Communication Disorders. 2005; 40(3):
375-377. The purpose of this discussion was to explore how to improve the mea-
surement of “effect sizes” for single subject Research’s meta-analyses. PubMed,
PsycInfo [111]

Selkowitz DM, Cameron MH, Mainzer A, Wolfe R. Efficacy of pulsed low-
intensity ultrasound in wound healing: A single-case design. Ostomy Wound Man-
agement. 2002; 48(4): 40-44, 46-50. The purpose of this study was to assess the
efficacy of pulsed low-intensity ultrasound on wound healing, using a double-blind,
single-case, baseline-AB design. PubMed, MEDLINE [112]

Sharp J, Espie CA. Brief exposure therapy for the relief of post-traumatic stress
disorder: A single case experimental design. Behavioral and Cognitive Psychother-
apy. 2004; 32(3): 365-369. This study tested the effectiveness of the image habitua-
tion training in the treatment of post-traumatic stress disorder using a single subject
design. PsycInfo [113]

Shehab RL, Schlegel, RE. Applying quality control charts to the analysis of
single-subject data sequences. Human Factors. 2000; 42(4): 604-616. This study
tested the effectiveness of methods from the area of quality control in evaluat-
ing cognitive performance by using databases collected under varied risk factors.
PubMed, PsyclInfo [114]

Shull J, Deitz J, Billingsley F, Wendel S, Kartin D. Assistive technology
programming for a young child with profound disabilities: A single-subject study.
Physical & Occupational Therapy in Pediatrics. 2004; 24(4): 47-62. This study
used single subject research methods, combined with social validation procedures,
as part of an assessment/intervention process. It explored the effects of an adapted
switch-operated device on self-initiated behaviors of a 6-year-old child with pro-
found multiple disabilities. PubMed, MEDLINE [115]

Simon MJ. A comparison between EMDR and exposure for treating PTSD: A
single-subject analysis. Behavior Therapist. 2000; 23(8): 172—175. The purpose of
this study was to use a single-subject analysis to evaluate the effectiveness of eye
movement sensitization and reprocessing to imaginal exposure for the management
of post-traumatic stress disorder. PsycInfo [116]

Skinner CH. Single-subject designs: Procedures that allow school psycholo-
gists to contribute to the intervention evaluation and validation process. Journal
of Applied School Psychology. 2004; 20(2): 1-10. This paper included empirical
case studies and experiments where researchers implemented procedures designed
to control impenetrable variables. PsycInfo [117]

Smith JF, Chen K, Johnson S, Morrone-Strupinsky J, Reiman EM, Nelson A,
Moeller JR, Alexander GE. Network analysis of single-subject fMRI during a finger
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opposition task. Neurolmage. 2006; 32(1): 325-332. The purpose of this study was
to examine multivariate network analysis using a modified form of principal com-
ponent analysis. Pubmed [118]

Stovall KC, Dozier M. The development of attachment in new relationships: Sin-
gle subject analyses for 10 foster infants. Development and Psychopathology. 2000;
12(2): 133-156. This study presented single subject analyses of the recently devel-
oping attachment relationships of ten foster infants and their eight female foster
parents. PubMed, MEDLINE, PsycInfo [119]

Stetter ME. Computer assisted instruction to promote comprehension strate-
gies in students with learning disabilities. Dissertation Abstracts International Sec-
tion A: Humanities and Social Sciences. 2008; 68(7-A): 2897. The purpose of
this study was to examine whether comprehension strategy instruction through
a computer could improve the reading of students with learning disabilities.
PsycInfo [120]

Suzuki R, Ogawa M, Otake S, Izutsu T, Tobimatsu Y, Izumi S, Iwaya T.
Analysis of activities of daily living in elderly people living alone: Single-
subject feasibility study. Telemedicine Journal & E-Health. 2004; 10(2): 260-276.
This study developed an automatic remote system for the use of observing the
health of independent elderly people living in conventional homes. PubMed,
MEDLINE [121]

Swanson HL, Sachse-Lee C. A meta-analysis of single-subject-design inter-
vention research for students with LD. Journal of Learning Disabilities. 2000;
33(2): 114-136. This study recapped single subject design intervention studies that
consisted of students with learning disabilities. Studies were analyzed across
instructional domains (e.g., reading, mathematics); model characteristics (e.g.,
age, intelligence); intervention parameters (e.g., number of instructional sessions,
instructional components); and methodological procedures (e.g., internal validity,
treatment integrity). PubMed, MEDLINE, PsyclInfo [122]

Tankersley M, McGoey KE, Dalton D, Rumrill PD Jr, Balan CM. Single sub-
ject research methods in rehabilitation. Work (Reading, MA). 2006; 26(1): 85-92.
This paper described single subject research as an efficient and cost-effective way
to assess the impact of targeted interventions on individual behavior. Pubmed,
MEDLINE, PsyclInfo [123]

Teipel S, Ewers M, Dietrich O, Schoenberg S, Jessen P, Heun R, Freymann N,
Moller HJ, Hampel H. Reliability of multicenter magnetic resonance imaging.
Results of a phantom test and in vivo measurements by the German dementia
competence network. Nervenarzt. 2006; 77(9): 1086-1095. The purpose of this
study was to assess the precision of volumetric measurement of the brain based on
MRI, as volumetric measurement of cerebral atrophy may be useful for diagnosing
Alzheimer’s disease. PsycInfo [124]

Thompson CK. Single subject controlled experiments in aphasia: The science
and the state of the science. Journal of Common Disorders. 2006; 39(4): 266-291.
The purpose of this paper was to discuss the use of single subject controlled
experimental designs for investigating the effects of treatment for aphasia. Pubmed,
MEDLINE, PsycInfo [125]
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Trujillo-Barreto NJ, Aubert-Vazquez E, Penny WD. Bayesian M/EEG source
reconstruction with spatio-temporal priors. Neuroimage. 2008; 39(1): 318-335. This
article discussed a Bayesian spatio-temporal model for source reconstruction of
M/EEG data, and as in single subject designs, the trials were treated as fixed effects,
taking into account between-trial variance. MEDLINE [126]

Tsapas A, Matthews DR. N-of-1 trials in diabetes: Making individual therapeutic
decisions. Source Diabetologia. 2008; 51(6): 921-925. The authors discussed how
N-of-1 trials are a useful approach for making therapeutic decisions in chronic dis-
eases like diabetes mellitus, where decision-making is often reliant upon arbitrary
criteria and clinical judgment. MEDLINE [127]

Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard O,
Delcroix N, Mazoyer B, Joliot M. Automated anatomical labeling of activations in
SPM using a macroscopic anatomical parcellation of the MNI MRI single-subject
brain. Neuroimage. 2002; 15(1): 273-289. The purpose of this study was to per-
form an anatomical parcellation of the spatially normalized single-subject high-
resolution T1 volume provided by the Montreal Neurological Institute. PubMed,
MEDLINE [128]

Van de Vliet P, Onghena P, Knapen J, Fox KR, Probst M, van Coppenolle H,
Pieters G. Assessing the additional impact of fitness training in depressed psychi-
atric patients receiving multifaceted treatment: A replicated single-subject design.
Disability and Rehabilitation: An International Multidisciplinary Journal. 2003;
25(24): 1344-1353. The purpose of this study was to make exercise a therapeutic
method for treatment of clinical depression. Twenty-nine patients with mood disor-
der completed daily measurements of depression and physical well being, ranging
from 77 to 436 days. PubMed, MEDLINE, PsycInfo [129]

Van Deusen KM. Bilateral stimulation in EMDR: A replicated single-subject
component analysis. Behavior Therapist. 2004; 27(4): 79-86. This study determined
whether the eye movement component of eye movement desensitization and repro-
cessing was essential in accounting for positive treatment effects in subjects with
post-traumatic stress disorder. PsycInfo [130]

Vingerhoets G, Stroobant N, Reliability and validity of day-to-day blood flow
velocity reactivity in a single subject: An fTCD study. Ultrasound in Medicine &
Biology. 2002; 28(2): 197-202. The purpose of this study was to evaluate the within
subject variability of repeated task-induced blood flow velocity change with tran-
scranial doppler ultrasonography. PubMed, MEDLINE [131]

Vlaeyen, JWS; de Jong J; Geilen M; Heuts, PHTG; van Breukelen, G. Graded
exposure in vivo in the treatment of pain-related fear: A replicated single-case exper-
imental design in four patients with chronic low back pain. Behaviour Research
and Therapy. 2001; 39(2): 151-166. The purpose of this study was to reconsider
the notion that in chronic patients, the lowered capability to accomplish tasks of
daily living is merely the consequence of pain sternness. PubMed, MEDLINE,
PsyclInfo [132]

Wehmeyer ML, Palmer SB, Smith SJ, Parent W, Davies DK, Stock S. Tech-
nology use by people with intellectual and developmental disabilities to support
employment actives: A single-subject design meta analysis. Journal of Vocational
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Rehabilitation. 2006; 24(2): 81-86. The intention of this study was to examine the
impact of technology use on employment related outcomes for people with intellec-
tual and developmental disabilities. PsycInfo [133]

Wenman R, Bowen A, Tallis RC, Gardener E, Cross S, Niven D. Use of a ran-
domised single case experimental design to evaluate therapy for unilateral neglect.
Neuropsychological Rehabilitation. 2003; 13(4): 441-459. The purpose of this
study was to evaluate the effectiveness of a therapy package combining stimulation
and the behavioral techniques of self-instructional training. PsycInfo [134]

Winslow E, Hutchison R. Placebo use in the N-Of-1 Trial. [Department Letter].
American Journal of Nursing. 2006; 106(9): 16. This letter compared the use on
placebo in clinical care to the use of placebos in pain management. Pubmed [135]

Wragg JA, Whitehead RE. CBT for adolescents with psychosis: Investigating the
feasibility & effectiveness of early intervention using a single case design. Behav-
ioral and Cognitive Psychotherapy. 2004; 32(3): 313-329. This study presented a
single case study investigating the use of cognitive behavioral therapy with an ado-
lescent experiencing a psychotic episode. PsycInfo [136]

Zhan S, Ottenbacher KJ. Single subject research designs for disability research.
Disability & Rehabilitation. 2001; 23(1): 1-8. The purpose of this paper was to offer
a summary of single subject designs, along with providing clinicians with informa-
tion about the apparatus of single subject designs, and how they can be used in
clinical and other rehabilitation environments. PubMed, MEDLINE [137]

Zhang H, Luo WL, Nichols TE. Diagnosis of single-subject and group fMRI
data with SPMd. Human Brain Mapping. 2006; 27(5): 442—-451. This study pre-
sented an extension of previous work by Zhang H, et al. that accounted for temporal
autocorrelation in single subject models, along with showing how analogous meth-
ods can be used on group models where multiple subjects are studied. Pubmed,
MEDLINE [138]
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