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Abstract

Clinical benefits of rehabilitation are very difficult to present because of various factors
such as very small sample sizes, no control comparison, or short period of intervention.
However, clinical improvement can be presented with a single case study research design
that is very interesting and challenging technique. Basic and advanced single-research
designs can be performed in various patterns, for example, baseline (A) and intervention
(B) phases [A-B], A-B-withdrawal (A’) phases [A-B-A’], A-B-A’- new intervention (B’)
phases [A-B-A’-B], etc. In each phase, a line graph must be presented for changes using a
trend line or split-middle method or mean and the standard deviation is shown. A trend
or celebration line of data in the baseline period (A) should be drawn through the inter-
vention phase (B). Then, the serial dependence or autocorrelation coefficient in each phase
must be calculated by Barletta test, and the transformation of autocorrelation data should
be performed when serial dependence occurs. Finally, clinically statistical improvement
during intervention can be analyzed with the Bloom table, two-standard deviation band,
paired t-test, binomial statistic, or C-statistical analysis. Therefore, single case study or
cases of research design can be used to present the effectiveness of any intervention in
the clinic.

Keywords: single-case research design, rehabilitation

1. Introduction

At present, the benefit of clinical research is very important in clinical practice. However,

clinical research involving human patients or subjects has more varied bias and confounding

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



factors than experimental research [1]. A previous report claimed that common studies in

clinical research had various designs such as case–control studies, cohort study, randomized

controlled trials, reviews, and meta-analyses, the same as case reports [2]. Moreover, single-

subject design also is used for practice-based primary care research, due to the limitation on

condition, heterogeneity, and strict criteria, but with some interesting results [3]. Previous

evidence reported that clinical research can be divided broadly into two types; observational

and experimental [4]. Cross-sectional, case control, cohort, and ecological study are analytical,

but prevalence surveys, case series, surveillance data, and analysis of routinely collected data

are a type of descriptive study. Although the best clinical research is designed with a controlled

group, low bias on inclusion criteria, and good statistical analysis protocol, the limitations on

various pathological conditions and inconsistency among patients are presented, whereas the

value of inspiring new ideas or explaining new results from techniques during rehabilitation is

of clinical concern in multiple or single cases [5–7]. Therefore, effectiveness of rehabilitation in

a rare or single case can be presented with descriptive data alone, as in a previous report that

presented the effect of combined thoracic and backward lifting exercise at a thoracic kyphosis

angle, and intercostal muscle pain, without any graphs, tables, or statistical analysis measure-

ment [8]. However, better results of a single-case research design can be represented by visual

graphs after data collection at either baseline or intervention phases, whereas efficiency of

intervention also can be evaluated with a mean level and trend changes by comparing with

baseline or prior interventions [9, 10]. Finally, significant effectiveness of intervention can be

analyzed simply with the Bloom Table, paired t-test, or one-way ANOVA methods, if serial

dependence or autocorrelation coefficient of data is not found (Figure 1).

The flow chart in Figure 1 shows a simple series procedure for performing a single-case

research, (1) collecting data in both baseline and intervention phases, (2) drawing the trend

line and mean level in each phase, (3) checking the series dependency of data in each phase,

Figure 1. Flowchart of procedure on a single-case research design.
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and (4) drawing the celeration line from the prior phase to the next one, and then analyzing

statistically.

2. Research design

There has been a variety of single case research designs such as (1) AB, (2) reversal, (3) multiple

baseline, and (4) alternating treatment [11]. The components of a single-case research design

are composed of a series of interventions and frequency of assessment in multiple phases and

various conditions. For instance, the effectiveness of a 7-day chest wall-stretching exercise in

patients with chronic obstructive pulmonary disease (COPD) compared with 7 days in the

baseline phase [12]. The same applies to 7-day pulmonary rehabilitation in patients with

chronic scleroderma [13]. Therefore, various designs with a control period or baseline (A),

intervention (B), withdrawn (A), or new intervention phase (B0) can be performed. Thus, a

simple visual graph has been recommended with the following three designs (Figure 2).

3. Data collection and presentation

In this design, the frequency of data collection has been suggested as at least three times or

during individual periods in either the baseline or intervention phase [14], in order to present

the change in trend in the baseline phase, whereas a previous report preferred an evaluation 6-

8 times [15] as in Table 1, for example. The visual analysis involves determining the level,

trend and stability of the data within in each phase, as well as immediacy of effect, consistency

of data patterns, and overlap of data between baseline and intervention phases [16].

Presentation of the data or scores can be performed with scattering, plotted as a simple line

graph for either single or multiple cases with a multiple baseline design, as in Figure 3.

Figure 2. Visual graph presentation of a three-pattern design. Baseline and intervention phases (1), baseline-intervention-

withdrawn phases (2), and intervention-withdrawn-intervention phases (3).
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Presentation with a line graph has several advantages, for example, easy interpretation and

understanding. Moreover, the bar graph of mean in each phase can be used.

The appropriate graphic methods can be applied to present data of changes in level, variability,

trend, and slope [17] within each phase following the immediacy of effect, consistency of data

patterns, and overlap of data between baseline and intervention phases [16]. For example, the

mean levels of peak inspiratory pressure (PImax) between baseline (A), intervention (B), and

withdrawn (A’) is shown in Figure 4(1) and trend lines in Figure 4(2). Trend lines within a phase

can demonstrate the stability of scores in the baseline phase with constant trend, as well as

acceleration and deceleration trend patterns in intervention and withdrawn phases, respectively.

Interpretation of the mean and trend line in each phase presents the meaning clinically, for

example, chest wall excursion (Figure 5(1)), dyspnea scale (Figure 5(2)), vital capacity, diffused

capacity of lung for carbon monoxide (DLCO), etc. Figure 5(1) shows the constancy of chest

wall excursion before treatment, which then increases with a mean level higher (3.83 cm) than

that at baseline (2.19 cm). Therefore, that intervention can increase chest wall excursion in the

clinic. In addition, dyspnea scale changes in Figure 5(2) decrease from a mean of 5.6 in the

intervention phase to 4.2 in the baseline phase.

The deleterious effect of interventions can be presented, as in Figure 5(3). Vital capacity

reduces and decelerates tendency during given treatment; therefore, that treatment does not

Baseline phase Intervention phase

PImax Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

1 2 3 2 2 3 3 5 5 5 6

2 2 2 2 3 3 4 4 5 7 7

3 2 2 2 2 2 3 5 4 8 8

High value 2 3 2 3 3 4 5 5 8 8

Table 1. Chest wall excursion (cm) between baseline and intervention phases.

Figure 3. Line graph presentation of chest wall excursion (cm) in two cases that show the baseline and intervention

phases with different scores in the baseline phase.
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affect vital capacity. Finally, the last example of change in DLCO between baseline and inter-

vention phases shows a slight increase of DLCOmean. Thus, that intervention can increase the

DLCO slightly (Figure 5(4)).

Figure 5. Graph lines of chest wall excursion (1), dyspnea scale (2), vital capacity (3), and diffusing capacity of lung for

carbon monoxide (DLCO) (4) between baseline and intervention phases.

Figure 4. Demonstrated data of mean levels (1) and trend lines (2) within baseline (A), intervention (B), and withdrawn

(A’) phases.
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The trend line in each phase, especially between baseline and intervention phases, can show

the effectiveness of rehabilitation using some techniques, for instance, the deceleration trend

line of dyspnea (Figure 5(2)) and acceleration trend line of chest wall excursion (Figure 5(1)).

Therefore, the effectiveness of rehabilitation in the intervention phase can be compared with

the extended line from the baseline phase, which is called the celeration line as in Figure 6.

The celeration line can be found by the freehand [19], several semi-average [18], and least

squares method, including computing in a specific program, such as SPSS or SigmaPlot.

The simple method of drawing the celeration line can be carried out by therapists using the

semi-average [18] or “split-middle” method. For example, the data of 10 pain scores in the

baseline phase; 4, 5, 4, 5, 6, 7, 6, 8, 7, and 6 have been recommended with 8–10 data in order to

fit the celeration line more accurately [19, 20]. Therefore, the procedure of drawing a celeration

line can be performed in the following steps:

Step 1: Plot the data (Figure 7(1)).

Step 2: Divide the data in half by drawing a solid vertical line and dividing each of the halves

in half by drawing dashed vertical lines before plotting the median level of each half phase, so

that the mean in the first half is 5 and 7 in the second half (Figure 7(2)).

Figure 6. Line graphs showing the celeration line from the baseline phase of chest wall excursion (1) and vital capacity (2).

Figure 7. Plotting data in the baseline phase (1). The baseline phase is divided in half with a solid line, and each half

phase is divided by dashed vertical lines with median horizontal lines (2). The celeration line is extended to the

intervention phase (3).
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Step 3: Finally, extend the celeration line from baseline to the intervention phase (Figure 7(3)).

On the other hand, the mean value of each half can be used for instant median value [18, 21].

Therefore, data presentation of the single-case research design is developed simply and under-

stood with the mean level and trend changes in the baseline phase. In addition, the effective-

ness of rehabilitation can be presented from the difference of mean level and trend line from

the celeration line in the baseline phase. However, the effectiveness of rehabilitation in the

intervention phase also can be compared under statistical procedure.

4. Statistical analysis

The statistical analysis must be performed as a series procedure. First of all, the data on

autocorrelation or serial dependency must be evaluated so that it can violate the independence

of error assumption of statistical tests [22]. Data or outcome especially should have no serial

dependency on either baseline or intervention phases. Serial dependency basically means that

temporally adjacent scores tend to be related to one another. For instance, the score of an

individual subject for day 1 tends to predict that for day 2. A day-2 score can predict the day-

3 score, etc. Previous study ranked lag 1 autocorrelation and assigned it to one of the three sets;

autocorrelations ranging from 0.15 to 0.50 (low), 0.51 to 0.75 (moderate), and 0.76 to 0.94 (high)

[23], which found the interaction between serial dependency and significance level. This meant

that high serial dependency correlates with low significance. Therefore, the data within phase

examination should have no autocorrelation (r) or serial dependency.

4.1. Serial dependency analysis

The procedure for calculating serial dependency is appraised by statistical calculation, called

an autocorrelation coefficient, if the lag�1 autocorrelation for a series of performance is mea-

sured from a statistically significant evaluation (p < 0.05). For instance, the procedure is

manual for calculating the autocorrelation coefficient in the baseline phase (Table 1), as in the

following series:

Step 1: Calculate the mean of the scores in each phase with the sum of all data divided by total

numbers.

Baseline phase: [2 + 3 + 2 + 3 + 3]/5 = 2.6

Intervention phase: [4 + 5 + 5 + 8 + 8]/5 = 6

Step 2: Find the difference values by minutes in each score (Table 1) with its mean.

Baseline phase Intervention phase

Score-mean = difference value Score-mean = difference value

2.0 � 2.6 = �0.6 4.0 � 6.0 = �2.0

3.0 � 2.6 = 0.6 5.0 � 6.0 = �1.0
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Baseline phase Intervention phase

Score-mean = difference value Score-mean = difference value

2.0 � 2.6 = �0.6 5.0 � 6.0 = �1.0

3.0 � 2.6 = 0.6 8.0 � 6.0 = 2.0

3.0 � 2.6 = 0.6 8.0 � 6.0 = 2.0

Step 3: Calculate the sum of multiple first and second difference values from Step 2.

Baseline phase Intervention phase

(�0.6) (0.6) = �0.36 (�2) (�1) = 2

(0.6) (�0.6) = �0.36 (�1) (�1) = 1

(�0.6) (0.6) = �0.36 (�1) (2) = �2

(0.6) (0.6) = 0.36 (2) (2) = 4

Sum = �0.72 Sum = 5

Step 4: Calculate the sum of the square of difference values from Step 2.

Baseline phase Intervention phase

(�0.6)2 = 0.36 (�2)2 = 4

(0.6)2 = 0.36 (�1)2 = 1

(�0.6)2 = 0.36 (�1)2 = 1

(0.6)2 = 0.36 (2)2 = 4

(0.6)2 = 0.36 (2)2 = 4

Sum = 1.8 Sum = 15

Step 5. Calculate the autocorrelation coefficient (r) in each phase by dividing the sum value in

Step 3 by the square sum of difference values in Step 4.

Baseline phase Intervention phase

0.72/1.8 = 0.40 5/15 = 0.33

Step 6: Analyze the autocorrelation coefficient as statistically significant or not; a simple

procedure called Bartlett test can be used. If the autocorrelation value (r) in Step 5 is less than

2/ √n (n = number of data), the nonsignificant autocorrelation within or in the phase is

confirmed. Therefore, this example = 2/√5 is 0.894.
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Baseline phase Intervention phase

0.40 < 0.894 0.33 < 0.894

Final results of serial dependency calculation show that data in both phases have not demon-

strated a significant degree of autocorrelation or serial dependency. Therefore, therapists may

be confident in the results from disease stability in the baseline phase and intervention pro-

gram. However, if the result of autocorrelation analysis shows significant serial dependency,

transformation of autocorrelation should be performed again.

4.2. Transformation data

Due to significant serial dependency being presented in some phases during study, therapists

cannot confirm changed results confidently from either the pathology or treatment [23]. For

example, scores for dyspnea during 12 days of the baseline phase were 3, 5, 4, 5, 6, 6, 7, 8, 8, 11,

10, and 11, respectively.

Step 1: The mean score [3 + 5 + 4 + 5 + 6 + 6 + 7 + 8 + 8 + 11 + 10 + 11]/12 is 7.08.

Step 2: Difference values.

Score �mean = difference value

3.0 � 7.08 = �4.08

5.0 � 7.08 = �2.08

4.0 � 7.08 = �3.08

5.0 � 7.08 = �2.08

6.0 � 7.08 = �1.08

6.0 � 7.08 = �1.08

7.0 � 7.08 = �0.08

8.0 � 7.08 = 0.92

8.0 � 7.08 = 0.92

11.0 � 7.08 = 3.92

10.0 � 7.08 = 2.92

11.0 � 7.08 = 4.92

Step 3: Calculate the sum of multiple first and second difference values.

(�4.08)(�2.08) = 8.48

(�2.08)(�3.08) = 6.41

(�3.08)(�2.08) = 6.41
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(�2.08)(�1.08) = 2.24

(�1.08)(�1.08) = 1.17

(�1.08)(�0.08) = 0.08

(�0.08)(0.92) = �0.07

(0.92)(0.92) = 0.85

(0.92)(3.92) = 3.61

(3.92)(2.92) = 11.45

(2.92)(4.92) = 14.37

Sum = 54.99

Step 4: Calculate the squared sum of difference values.

(�4.08)2 = 16.65

(�2.08)2 = 4.33

(�3.08)2 = 9.49

(�2.08)2 = 4.33

(�1.08)2 = 1.17

(�1.08)2 = 1.17

(0.08)2 = 0.01

(0.92)2 = 0.85

(0.92)2 = 0.85

(3.92)2 = 15.37

(2.92)2 = 8.53

(4.92)2 = 24.21

Sum = 86.92

Step 5: Analyze the autocorrelation coefficient: 54.99/86.92 = 0.632. Analyze whether the

autocorrelation coefficient is statistically significant or not, and 2/√12 is 0.577 because√ 12 is

3.464 (n = 12). Therefore, these series data have significant serial dependency because 0.632 is

more than 0.577. All data must be transformed by the first difference in transformation as

below.

Step 6: The first score in the data is subtracted from the second, the second from the third, the

third from the fourth, the fourth from the fifth, and so on, until all scores are fully completed: 3,

5, 4, 5, 6, 6, 7, 8, 8, 11, 10, and 12.

3 � 5 = �2, 5 � 4 = 1, 4 � 5 = �1, 5 � 6 = �1, 6 � 6 = 0, 6 � 7 = �1, 7 � 8 = �1, 8 � 8 = 0,

8 � 11 = �3, 11 � 10 = 1, and 10 � 11 = �1.
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Thus, new data are �2, 1, �1, �1, 0, �1, �1, 0, �3, 1, and �1. When returning to calculate the

serial dependency in Steps 1–5, the autocorrelation efficiency is 0. 51, which is less than 0.577.

Finally, all new series data were added with a constant of any value such as 2, in order to avoid

the minute value.

However, the transformation of data by the first transformation difference still failed, thus

moving the average transformation to the second procedure in order to reduce the serial

dependency in Step 7.

Step 7: The following moving average method reduces the serial dependency that consists of

simply plotting the mean values between two adjacent data points over the entire series data.

Score Transformed score

3 + 5 = 8/2 = 4.0

4 + 5 = 9/2 = 4.5

6 + 6 = 12/2 = 6.0

7 + 8 = 15/2 = 7.5

8 + 11 = 19/2 = 9.5

10 + 11 = 21/2 = 10.5

Then, the new data from 12 to 6 of 4.0, 4.5, 6.0, 7.5, 9.5, and 10.5 will be returned for calculating

the autocorrelation coefficient (r) in Steps 1–5. The result of the new autocorrelation coefficient

calculation is 0.56, which is less than 0.82 (2/√6). Therefore, the data do not present serial

dependency.

4.3. Statistical evaluation

4.3.1. Standardized statistic method

When the non-serial dependency or autocorrelation is not presented in each phases, confiden-

tial results of rehabilitation can be implied without any confounding factors from diseases or

condition of auto-recovery. Finally, the procedure for identifying the statistical difference

between intervention and baseline or control can be evaluated by various methods. Analysis

of variance (ANOVA), F-test, and t-test between phases are widely familiar to researchers and

clinicians, for example, comparing the data of expiratory tidal volume (VTE) during 10 days on

a mechanical ventilator during chest physical therapy with the previous 10 days of non-

treatment. The visual graphic shows the mean, autocorrelation, and trend line (Figure 8(1)),

whereas bar graphs with a significant level calculated under the nonparametric paired t-test

were presented (Figure 8(2)).

Before the CPT phase: 352, 350, 323, 349, 345, 350, 352, 348, 360, 354 (mean = 347.9 mL).

During the CPT phase: 364, 371, 378, 380, 410, 425, 429, 485, 501, 515 (mean = 425.8 mL).
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4.3.2. Statistical analysis with the celeration line

When the celeration line is approached from the baseline to intervention phase, the changes

should be stationary if the pathology is stable, whereas some celeration lines from baseline

may decelerate muscle mass from prolonged bed rest or accelerate dyspnea from secretion

obstruction. A previous report claimed that the celeration line during the intervention phase

was the same as that in the baseline phase, indicating no beneficial effect from treatment [24],

whereas 50% of the data points in the intervention phase fell or were below the celeration line

from the baseline phase, which reflected beneficial clinical effect from treatment.

Two methods can be used to determine statistically significant changes. One method is using

the probability table presented by Bloom [25] (Table 2), and the other is computing a simple

binomial test.

Figure 8. Line graphs of expiratory tidal volume (mL) at baseline and intervention by chest physical therapy phase (1)

and t-test analysis from the Wilcoxon signed-rank test in the SPSS program (2).

Proportion during baseline

Number of treatment observations

4 6 8 10 12

0.10 3 3 3 4 4

0.15 3 3 4 4 5

0.20 3 4 5 5 6

0.25 4 4 5 6 7

0.30 4 5 6 6 7

0.35 4 5 6 7 8

0.40 4 5 6 8 9

0.45 4 6 7 8 9

0.50 4 6 7 9 10

Modified from Bloom [25], p. 203. Determined by use of the one-tailed test; p < 0.05.

Table 2. Number of treatment observations above the celeration line that are required to demonstrate a statistically

significant effect.
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4.3.3. Statistical analysis using the Bloom table

The method for using the Bloom Table (Table 2) for statistical analysis is performed in the

following steps, for example, chest wall excursion with two different treatments in Figure 9.

Step 1: Calculate the proportion during the baseline phase, for example, in Figure 9. From a

total of six data points, locate three points above the trend line, so the proportion is 0.6.

Step 2: Draw the extending or celeration line to the treatment phase.

Step 3: See that the first column is 0.50 in the Bloom Table and the number of treatment

observations is 5. The intersection of these two values is approximately 5.

Step 4: Figure 9(1) has only four points above the trend line, whereas Figure 9(2) has all five

points above trend line. Therefore, the mobilization exercise shows significant changes in the

clinic, but the breathing exercise does not affect chest wall excursion.

4.3.4. Statistical analysis with the two-standard deviation band method

This method is a semi-statistical approach or “statistical rule of thumb” and easily performed.

A previous report indicated that at least two data points fall outside the two-standard devia-

tion band during the intervention phase, which presents a statistically significant change in

intervention [26]. Nowadays, there are many computing programs that can calculate the mean

and standard deviation, for instance, Microsoft Excel, SigmaPlot, etc. Therefore, a simple and

quick calculation on these data can be performed, for example, calculating the data of systolic

blood pressure (mmHg) between the baseline phase and exercise period.

Baseline phase: 120, 123, 121, 122, 125, 122, 123, 122, 121, 122 (mean = 122.21, SD = 1.45)

Exercise period: 120, 119, 116, 115, 117, 114, 100, 101, 100, 102 (mean = 110.4, SD = 8.45)

Thus, two-standard deviation (SD) values in the baseline phase can be calculated with two

times of SD (1.45 � 2 = 2.9). The upper band above the mean is a sum of 122.1 and 2.9

Figure 9. Comparative data of chest wall excursion (cm) between interventions: breathing exercise (1) and mobilization

exercise (2).
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(122.1 + 2.9), and the lower band below the mean is 122.1 minutes 2.9 (122.1 � 2.9). Therefore,

final levels of the 2-SD band are 125 and 119.2, which are drawn in Figure 10(1) and (2).

4.3.5. Statistical analysis with the binomial test

This method was demonstrated by Kazdin [15] and White [20]. The formula for computing

was based on the binomial test x
n

� �

pn, where n is the number of data points in the intervention

phase, x is the number of data points above (or below) the celeration lines, and p is the

probability of obtaining � data points above or below the projected celeration line [27].

Therefore, the binomial test from Figure 11 can be computed by n = 5, X = 4, and p = 0.5, with

results in statistical probability of p < 0.05.

Null hypothesis (Ho) = data points in the intervention phase being more than 5 in 10.

Figure 10. Line graph depicting the 2-SD band method for identifying the statistical significance between two subjects.

Different results of exercise occurred in the two subjects, with the first subject showing most of the points (8 in 10 points)

below the 2-SD band; thus, it can be concluded that the exercise reduces systolic blood pressure significantly (1), whereas

10 points are located within the 2-SD band in the second subject, which involves nonsignificant change when exercise is

implicated (2).

Figure 11. Line graph showing the data in baseline and breathing exercise phases.
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Alternative hypothesis (H1) = data points in the intervention phase being less than 5 in 10.

The result of the binomial test in Table 3 shows an asymmetrically significant value (0.375) of

more than 0.05, which means acceptance on the null hypothesis.

4.3.6. Statistical analysis with C statistic

The C statistic method was proposed by Bloom and Fisher (1975) [21] and Tryon (1982) [28] as

a single-case research design and also reported by Caetano et al (2018) [29]. There are seven

steps in using C statistic with example data shown below.

Example: data of % oxygen saturation (%SpO2) in a postoperative cardiac patient:

Baseline phase: 82, 82, 84, 82, 84, 82, 84, 82, 83, 84

Breathing exercise: 83, 85, 85, 85, 87, 88, 90, 93, 94, 94

Step 1: Each data point in the baseline phase is subtracted from its adjacent successor data, for

example, the first from second, second from third, etc. until all of the scores in the baseline

phase are used.

Step 2: Each value from Step 1 is squared and the sum repeated.

Step 1 Step 2

82 � 82 = 0 (0)2 = 0

84 � 82 = 2 (2)2 = 4

84 � 82 = 2 (2)2 = 4

84 � 82 = 2 (2)2 = 4

83 � 84 = �1 (�1)2 = 1

Sum = 13

Step 3: The mean value of the baseline points is calculated.

82 + 82 + 84 + 82 + 84 + 82 + 84 + 82 + 83 + 84 = 829/10 = 82.9

Category N Observed Prop. Test Prop. Aym. Sig (1-tailed)

Data Group 1 1.00 4 0.8 0.50 0.375

Group 2 0.00 1 0.20

5 1.00

Note: Group 1 is the number of data points above the celeration line, whereas Group 2 is the number of data points below

the celeration line from the baseline phase.

Table 3. Result of the binomial test from SPSS analysis.
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Step 4: The value of mean-difference for each set of data is calculated by subtracting each raw

score from the mean value of squared results before summing up the squared mean difference.

82 � 82.9 = �0.9 (�0.9)2 = 0.81

82 � 82.9 = �0.9 (�0.9)2 = 0.81

84 � 82.9 = 1.1 (1.1)2 = 1.21

82 � 82.9 = �0.9 (�0.9)2 = 0.81

84 � 82.9 = 1.1 (1.1)2 = 1.21

82 � 82.9 = �0.9 (�0.9)2 = 0.81

84 � 82.9 = 1.1 (1.1)2 = 1.21

82 � 82.9 = �0.9 (�0.9)2 = 0.81

83 � 82.9 = 0.1 (0.1)2 = 0.01

84 � 82.9 = 1.1 (1.1)2 = 1.21

Sum = 8.9

Step 5: The value from Step 4 is multiplied by 2: 8.9 � 2 = 17.8.

Step 6: The C score is computed using the formula.

C ¼ 1– value from step 2=value from step 5½ �
¼ 1– 13=8:9½ �
¼ 1–1:46

¼ �0:46

Step 7: The standard error for the C statistic is computed using the formula.

Standard error = √ n� 2ð Þ= n� 1ð Þ nþ 1ð Þ, in which n = the number of data in the series data

from which the C statistic is computed.

Standard error = √ 10� 2ð Þ= 10� 1ð Þ 10þ 1ð Þ =
ffiffiffi

8
p

=99 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:0808
p

= 0.284

Step 8: In determining whether the C statistic is significant, a Z score is computed by dividing

the C statistic value from Step 6 by the standard error from Step 7.

Z ¼ step 6=step 7

¼ �0:46=0:284

¼ �1:62

Step 9: Statistical analysis: for any series data with 10 data points, a Z of 1.64 or more is

significant at a level of p < 0.05. The results of Z calculation in the baseline phase shows

�1.62, which is less than the required 1.64, indicating that the trend does not exist.
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Step 10: Data in the intervention phase are included with the baseline phase and completed as

in Step 2.

82 � 82 = 0 (0)2 = 0

84 � 82 = 2 (2)2 = 4

84 � 82 = 2 (2)2 = 4

84 � 82 = 2 (2)2 = 4

83 � 84 = �1 (�1)2 = 1

83 � 85 = �2 (�2)2 = 4

85 � 85 = 0 (0)2 = 0

87 � 88 = �1 (�1)2 = 1

90 � 93 = �3 (�3)2 = 9

94 � 94 = 0 (0)2 = 0

Sum = 27

Step 11: The mean value for the baseline points is calculated: 82 + 82 + 84 + 82 + 84 + 82 + 84 + 82

+ 83 + 84 + 83 + 85 + 85 + 85 + 87 + 88 + 90 + 93 + 94 + 94 = 1713/20 = 85.65.

Step 12: The value of the mean-difference for each set of data is calculated by subtracting each

raw score from the mean value of squared results before summing up the squared mean

difference.

82 � 85.65 = �3.65 (�3.65)2 = 13.32

82 � 85.65 = �3.65 (�3.65)2 = 13.32

84 � 85.65 = �1.65 (1.65)2 = 2.72

82 � 85.65 = �3.65 (�3.65)2 = 13.32

84 � 85.65 = �1.65 (1.65)2 = 2.72

82 � 85.65 = �3.65 (�3.65)2 = 13.32

84 � 85.65 = �1.65 (1.65)2 = 2.72

82 � 85.65 = �3.65 (�3.65)2 = 13.32

83 � 85.65 = �2.65 (�2.65)2 = 7.02

84 � 85.65 = �1.65 (1.65)2 = 2.72

83 � 85.65 = � 2.65 (�2.65)2 = 7.02

85 � 85.65 = �0.65 (�0.65)2 = 0.42

85 � 85.65 = �0.65 (�0.65)2 = 0.42

85 � 85.65 = �0.65 (�0.65)2 = 0.42

87 � 85.65 = 1.35 (1.35)2 = 1.82

88 � 85.65 = 2.35 (2.35)2 = 5.52

90 � 85.65 = 4.35 (4.35)2 = 18.92

93 � 85.65 = 7.35 (7.35)2 = 54.02
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94 � 85.65 = 8.35 (8.35)2 = 69.72

94 � 85.65 = 8.35 (8.35)2 = 69.72

Sum = 312.55

Step 13: The value from Step 12 is multiplied by 2: 312.55 � 2 = 625.1.

Step 14. The C score is computed using the formula.

C ¼ 1� value from step 10=value from step 13½ �
¼ 1� 27=625:1½ �
¼ 1� 0:043

¼ 0:957

Step 15: The standard error for the C statistic is computed using the formula.

Standard error = √ n� 2ð Þ= n� 1ð Þ nþ 1ð Þ, in which n = the number of data in the series data

from which the C statistic is computed.

Standard error = √ 20� 2ð Þ= 20� 1ð Þ 20þ 1ð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

18=399
p

=
ffiffiffiffiffiffiffiffiffiffiffi

0:045
p

= 0.212

Step 16: In determining whether the C statistic is significant, a Z score is computed by dividing

the C statistic value from Step 14 by the standard error from Step 15.

Z ¼ step 6=step 7

¼ 0:957=0:212

¼ 4:514

Step 17: Statistical analysis: for any series data with 20 data points, a Z of 1.64 or more is

significant at a level of p < 0.05. The results of Z calculation in the baseline and intervention

phases show 4.514, which is more than the required 1.64. This presents a statistically signifi-

cant trend across the baseline and intervention phases, or the breathing exercise in this case

affects oxygen saturation in the clinic when compared to the baseline phase.

5. Discussion and critical point for a single-case research study

All details and data on examples show the procedure for presenting a single-case research

study, due to the limitation on conditions, rare cases, and interesting treatment [3]. A basic

procedure of a single-case design, with visual graphs of 6–8 data points in each phase [15],

including mean level and cerelation line in baseline phase, can be presented [8]. When the data

in each period at either baseline or intervention have no series dependency, a clinically signif-

icant difference of the treatment can be evaluated by comparing the baseline or pre-treatment

using the Bloom Table, C statistic, or paired t-test [22, 25, 28, 29]. Moreover, the different types
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of single-case experimental designs as alternating treatment, introduction/withdrawal designs,

or multiple baseline designs are very interesting in physical and rehabilitation medicine [30].

However, an update on evidence in using a single-case design reported that it risks a bias tool

(SCD RoB) based on current conceptualizations of biases, as well as the Cochrane risk of bias

criteria. Therefore, contemporary single-case design quality should be applied for demonstrat-

ing and providing initial validation in research using such a design [31]. In order to demon-

strate a single-case research study, the clinical details or characteristics of a subject must be

presented as in previous study; such as illness history, medical diagnosis, laboratory results,

and prior medical treatments during 7 days of pre-treatment, during treatment and/or

posttreatment with an ABA study design. It is important that the condition of a patient, its

stability or constancy, is reported for at least 7 days in COPD patients [12]. Their arterial blood

gas (ABG), complete blood count (CBC), blood chemistry, liver function test, chest X-ray, and

sputum culture also are reported. The results presented the autocorrelation values in each

phase, which was less than 2/√7 or 0.756. Therefore, it can be assumed that the results have no

autocorrelation within the data, so changes in the data did not reflect the time dependence or

pathological condition [22]. In addition, a previous study on a scleroderma patient having

short-term chest physical therapy (CPT) for 7 days compared pre-treatment with an A-B

design and showed that CPT significantly reduced the dyspnea score and respiratory rate and

increased chest expansion and maximal inspiratory mount pressure (PImax) by using Bloom

Table analysis [13]. Therefore, both previous studies present the effectiveness or benefits of

rehabilitation in specific patients. Thus, in order to present the effectiveness of therapy or

rehabilitation, all details of treatment also should be cleared and more details given such as

techniques, frequency, intensity, and timing. When specific treatment is performed, the out-

comes should be recorded daily before statistical analysis. For good data presentation, graph

lines with scattered plotting, mean level, and autocorrelation must be presented in each phase.

Finally, the clinical effectiveness of treatment must be shown by using the statistical protocol,

such as the celeration line from the baseline to treatment phase and Bloom Table analysis. In

addition, the statistic nonparametrical paired t-test or one-way ANOVA or C statistic can be

used for confirmation as same as in a previous review meta-analysis suggestion [32].

6. Conclusion

The effectiveness of rehabilitation can be seen under a single-case research design as well as in

practice of psychology research [33]. Firstly, data collection should be performed at least 5 days

before starting intervention or treatment in order to obtain higher stability for the condition of

the patient. Secondly, scattering the data from baseline and intervention with visual graph

lines must be carried out. Thirdly, trend lines and the mean values in each phase should be

calculated and plotted. Fourthly, series dependency or autocorrelation coefficient must be

calculated and indicated on the graph. Finally, statistical analysis of the effectiveness of treat-

ment can be performed by comparing with the celeration line, which has been drawn manu-

ally using the spilt-middle method or fit curve from baseline phase, and underlining the Bloom

Table. Moreover, the nonparametrical paired t-test or binomial test can be used. Although
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there are some limitations in this method, due to the small data collection and series depen-

dency of data within each phase, it has easy-to-understand visuals and shows the trend.

Therefore, a single-case research design is one of the many statistical protocols that can be

applied for clinical scientists or therapists in order for them to represent the effectiveness of

treatment in rare cases and present interesting results. Furthermore, the results of a good

research design can be developed into a standardized statistical model, with a larger sample

size, control subjects, and parametric statistical protocol in the future.

Conflict of interest

All authors claim no conflict of interest.

Author details

Jirakrit Leelarungrayub*, Yothin Pothasak, Jynwara Kaju and Rungtiwa Kanthain

*Address all correspondence to: donrawee.leela@cmu.ac.th

Department of Physical Therapy, Faculty of Associated Medical Sciences, Chiang Mai

University, Chiang Mai, Thailand

References

[1] Hartung DM, Touchette D. Overview of clinical research design. American Journal of

Health-System Pharmacy. 2009;66(4):398-408. DOI: 10.2146/ajhp080300

[2] Callas PW. Searching the biomedical literature: Research study designs and critical

appraisal. Clinical Laboratory Science. 2008;21(1):42-48

[3] Janosky JE. Use of the single subject design for practice based primary care research.

Postgraduate Medicine. 2005;81(959):549-551

[4] Parab S, Bhalerao S. Study designs. International Journal of Ayurveda Research. 2010;1(2):

128-131. DOI: 10.4103/0974-7788.64406

[5] Gonnella C. Single-subject experimental paradigm as a clinical decision tool. Physical

Therapy. 1989;69:601-609

[6] Siggelkow N. What’s in a name? The Academy of Management Journal. 2007;50(1):30-34

[7] Thomas G. A typology for the case study in social science following a review of definition,

discourse, and structure. Qualitative Inquiry. 2011;17(6):511-521. DOI: 10.1177/107780041140

9884

Physical Therapy Effectiveness170



[8] Yoo WG. Effect of a combined thoracic and backward lifting exercise on the thoracic

kyphosis angle and intercostal muscle pain. Journal of Physical Therapy Science. 2017;

29(8):1481-1482. DOI: 10.1589/jpts.29.1481

[9] Portney LG, Watkins MP. Foundations of Clinical Research: Applications to Practice.

Philadelphia, PA: F.A. Davis Company; 2015

[10] Horner RH, Swminathan H, Sugai G, Smolkowski K. Considerations for the systematic

analysis and use of single-case research. Education & Treatment of Children. 2012;35(2):

269-290

[11] LoboMA,Moeyaert M, Baraldi Cunha A, Babik I. Single-case design, analysis, and quality

assessment for intervention research. Journal of Neurologic Physical Therapy. 2017;41(3):

187-197. DOI: 10.1097/NPT.0000000000000187

[12] Leelarungrayb D, Pothongsunun P, Yankai A, Pratanaphon S. Acute clinical benefits of

chest wall-stretching exercise on expired tidal volume, dyspnea and chest expansion in

a patient with chronic obstructive pulmonary disease: A single case study. Journal of

Bodywork and Movement Therapies. 2009;13(4):338-343. DOI: 10.1016/j.jbmit.2008.11.

0004

[13] Leelarungrayub J, Pinkaew D, Wonglangka K, Eungpinichpong W, Klaphajone J. Short-

term pulmonary rehabilitation for a female patient with chronic scleroderma under a

single-case research design. Clinical Medicine Insights: Circulatory, Respiratory and Pul-

monary Medicine. 2016;10:11-17 eCollection 2016

[14] BarlowDH, HersenM. Single-case experimental designs. Uses in applied clinical research.

Archives of General Psychiatry. 1973;29(3):319-325

[15] Kazdin AE. Single Case Research Designs: Methods for Clinical and Applied Setting. New

York: Oxford University Press; 1982

[16] Busse RT, Kratochwill TR, Elliott SN. Meta-analysis for single-case consultation outcomes:

Applications to research and practice. J School Psychol. 1995;33(4):269-285. DOI: 10.1016/

0022-4405(95)00014-D

[17] Wolery M, Harris SR. Interpreting results of single-subject research designs. Physical

Therapy. 1982;62(4):445-452

[18] White OR, Haring NG. Exceptional Teaching. 2nd ed. Columbus, OH: Charles; 1980

[19] Kazdin AE. Unobtrusive measures in behavioral assessment. Journal of Applied Behavior

Analysis. 1979;12(4):713-724

[20] White OR. Data-based instruction: Evaluating educational progress. In: Cone JD,

Hawkins RP, editors. Behavioral Assessments: New Directions in Clinical Psychology.

New York: Brunner/Mazel; 1977

[21] Bloom M, Fischer J. Evaluating Practice: Guidelines for the Accountable Professional.

Englewood Cliffs, NJ: Prentice-Hall; 1982

Application of a Single-Case Research Design to Present the Effectiveness of Rehabilitation in the Clinic
http://dx.doi.org/10.5772/intechopen.90665

171



[22] Matyas TA, Greenwood KM. Serial dependency in single-case time series. In: Franklin RD,

Allison DB, Gorman BS, editors. Design and Analysis of Single-Case Research. Mahwah,

NJ: Lawrence Erlbaum Associates; 1997. pp. 215-243

[23] Jones RR, Weinrott MR, Vaught RS. Effects of serial dependency on the agreement

between visual and statistical inference. Journal of Applied Behavior Analysis. 1978;

11(2):277-283

[24] Ottenbacher KJ. Evaluating Clinical Change.: Strategies for Occupational and Physical

Therapist. Sydney: Williams &Wilkins; 1986

[25] Bloom M. The Paradox of Helping: Introduction in the Philosophy of Scientific Practice.

New York: Macmillan Publishing; 1975

[26] Gottman JM, Leiblum SR. How to Do Psychotherapy and how to Evaluate it. New York:

Holt, Rinehart & Winston; 1974

[27] Siegel S. Nonparametric Statistics. New York: McGraw-Hill; 1956

[28] Tryon WW. A simplified time-series analysis for evaluating treatment inter-ventions.

Journal of Applied Behavior Analysis. 1982;15(3):423-429

[29] Caetano SJ, Sonpavde G, Pond GR. C-statistic: A brief explanation of its construction,

interpretation and limitations. European Journal of Cancer. 2018;90:130-132. DOI:

10.1016/j.ejca.2017.10.027 Epub 2017 Dec 5

[30] Krasny-Pacini A, Evans J. Single-case experimental designs to assess intervention effec-

tiveness in rehabilitation: A practical guide. Annals of Physical and Rehabilitation Medi-

cine. 2018;61(3):164-179. DOI: 10.1016/j.rehab.2017.12.002 Epub 2017 Dec 15

[31] Reichow B, Barton EE, Maggin DM. Development and applications of the single-case

design risk of bias tool for evaluating single-case design research study reports. Research

in Developmental Disabilities. 2018;79:53-64. DOI: 10.1016/j.ridd.2018.05.008 Epub 2018

Jun 27

[32] Tincani M, De Mers M. Meta-analysis of single-case research design studies on instruc-

tional pacing. Behavior Modification. 2016;40(6):799-824 Epub 2016 Apr 11

[33] Sexton-Radek K. Single case designs in psychology practice. Health Psychology Research.

2014;2(3):1551. DOI: 10.4081/hpr.2014.1551.eCollection 2014 Nov 6

Physical Therapy Effectiveness172


