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Outline


 Large-n data and effect sizes (ESs)


 Single-n data and ESs


 Problems


 Four-parameter reg’n models


 Explanation


 Adaptation


 ESs (DR2- and b-based)


 Comparison study of parametric ESs







Large-n Studies’ Data


 Typically use standardized mean difference 
effect size (ES):


 Each participant is measured once on the 
outcome; data are independent. 


 The standard deviation provides an estimate 
of the variability of these independent data 
points.
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Single-n Studies’ Data


 Most simply: repeated measures on an 


individual over time in two phases (time 


series data):


 Baseline: phase A = “control”


 Treatment: phase B = “treatment”


 Score at time point t is related to score at time 


(t – 1): i.e., not independent.







Single-n Studies’ Data
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Single-n Studies’ Data


Visual Analysis:


 Plots are evaluated for the presence of a 


treatment effect by simultaneously 


considering the following :


 Sustainable level and/or trend changes


 Baseline trends in expected direction


 Overlapping data between phases


 Variability changes within and across phases.







Single-n Effect Sizes


 PND, and other non-parametric ESs


 Seems reasonable that a standardized 


difference between scores in phase A and B 


could be used as an effect size (ES):


 Easy to interpret but problematic due to s


 Dependency (Autocorrelation, 1) of data 


points within an individual.
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Problems with d for single-n designs


 In addition to potential autocorrelation 


problems, it would also only make sense to 


use d when there is no trend in the data.


 Regression equation for interrupted time 


series data should include a parameter for 


change in level and one to assess change in 


slope.







Trend in B phase, tx effect
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Trend in A and B phases, tx effect
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Trend in A and B phases, no Tx effect
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Modeling change in level and slope


 Led to idea to reduce autocorrelation and 
permit assessment of treatment effect on both 
level and slope using an appropriate 
regression model specification.


 Huitema & McKean (2000) suggested 
parameterization of a piecewise regression 
eqn that included two coefficients that can be 
used to describe change in level and in slope 
from Baseline to Treatment phase.







4-parameter model (Huitema & McKean, 2000)


 The model:


where 


Yt = outcome score at time t


Tt = time point


D = phase (A or B)


n1 = # time points in phase A
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4-parameter model - interpretation


b0 = baseline intercept (i.e. Y at time = 0)


b1 = baseline linear trend (slope over time)


b2 = difference in intercept predicted from 
treatment phase data from that predicted for 
time = n1+1 from baseline phase data


b3 = difference in slope


 Thus b2 and b3 provide estimates of a 
treatment’s effect on level and on slope, 
respectively.
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4-parameter model - interpretation
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4-parameter model - interpretation
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4-parameter model - interpretation
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4-parameter model – interpretation
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db Effect Sizes


 Van den Noortgate & Onghena (2003) suggested 


standardizing the b2 and b3 coefficients in the full 


model to provide standardized ESs:


 They also suggested correcting the associated 


covariance (of thebjs): 


 They recommended pooling the resulting bjs 


using multivariate synthesis methods
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DR2 Effect Sizes


Based on:


and


An F-ratio can be used to test DR2 for a 
Restricted versus a Full model:


where nRst  nFull = 1 
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DR2 Effect Sizes


 Models estimated to calculate 


 Models estimated to calculate
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DR2 Effect Sizes


 Type I error rates of and       were 


acceptable in conditions where 1 = 0 but 


were inflated, otherwise.


 When incorrect autoregressive model 


estimated, (i.e., when 1 = 0) Type I error 


rates were inflated.


 When 1  0, type I error rate inflated 


regardless of model assumed.


 However, unclear about extent of 


autocorrelation in residuals when 4-parameter 


model used to explain pattern in AB designs.
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Note on Autocorrelation Estimation


 With small n, commonly used estimates of1


are biased.


 A modified test statistic (Riviello & Beretvas, 2007) was 


found to preserve Type I error rates at the 


nominal level:
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Research Question


How well do the following parametric 


ESs correspond?


 Standardized mean difference, d,


 Van den Noortgate & Onghena’s,       


and 


 Beretvas & Chung’s         and


How autocorrelated are residuals of 4-


parm model in multiple baseline data?
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Method - Data


 Multiple baseline Communication Skills data 


from study designed to synthesize results of 


school-based interventions for students with 


ASD (Machalicek et al., 2007).


 9 studies, 29 participants, 84 effect sizes.


 Effect sizes for outcomes for which a negative 


effect meant that the treatment worked were 


reverse-coded.







Method - Analyses


 Three kinds of effect sizes, (5 ESs) were 


calculated for each baseline.


 Each effect size was pooled together for each 


participant (univariate pooling for single d; 


otherwise, GLS was used)


 Each effect size was pooled together for each 


study. 


 Correlations calculated between five effect 


sizes ( ).2232
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List of Studies


Study Reference


1 Johnson et al. (2004)


2 Buffington, et. al. (1998)


3 Hetzroni & Tannous (2004)


4 Schepis, Reid, & Sutton (1998)


5 Hetzroni and Shalem (2005)


6 Sigafoos et al. (2004)


7 Keen, Sigafoos, & Woodyatt (2001)


8 Smith and Camarata (1999)


9 Kravits et al. (2002)







Results
Pooled estimates of d by Study


Study b2 DR2
I b3 DR2


S d


1 2.570 1.194 0.765 1.347 2.844


2 5.172 1.112 0.368 0.895 3.222


3 0.544 0.666 0.196 0.504 1.041


4 2.481 0.582 0.396 0.595 1.402


5 0.469 0.386 0.589 1.388 1.728


6 3.200 0.371 0.089 1.432 3.188


7 -0.133 -0.713 0.019 0.355 0.079


8 1.141 0.338 0.194 0.599 1.120


9 2.535 0.838 0.082 0.251 2.900







Results
Correlations between Studies’ ds (k = 9)


b2 DR2
I d b3 DR2


S


b2 1


DR2
I .486 1


d .841 .399 1


b3 .166 .370 .275 1


DR2
S .265 -.048 .506 .616 1







Results
Correlations between Participants’ ds (k = 29)


b2 DR2
I d b3 DR2


S


b2 1


DR2
I .471 1


d .778 .417 1


b3 .332 -.205 .288 1


DR2
S .094 -.197 .216 .421 1







Results
Correlations between Baselines’ ds (k = 84)


b2 DR2
I d b3 DR2


S


b2 1


DR2
I .136 1


d .811 .152 1


b3 -.005 .013 .193 1


DR2
S -.069 .077 .211 .753 1







Results
Correlations between Baselines’ ds (k = 84)


b2 DR2
I d b3 DR2


S PND


b2 1


DR2
I .136 1


d .811 .152 1


b3 -.005 .013 .193 1


DR2
S -.069 .077 .211 .753 1


PND .497 -.029 .674 .145 .151 1







Biggest disparity in ranks (b2:DR2
I)


(-2.60: -1.32)
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Biggest disparity in ranks (b3:DR2
S)


(-0.26:2.88!)
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Discussion


 Great disparities in effect size metrics’ results.
 Source of disparities requires further research.


 64.29% of baseline data points had significantly 
autocorrelated residuals (p < .05) so the 
corresponding DR2 indices would be biased.
 Unclear 1 would affect other ESs.


 Estimation of auto-regressive equations needs to incorporate 
corrected estimate of 1.


 Large degree of heterogeneity.


 Asympotically these ESs should work.


 Need 2 ESs to assess change in level and slope.


 More work needed!
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Percentage of Nonoverlapping Data 


(PND)


 Calculation of non-overlap between 


baseline and successive intervention 


phases (Scruggs, Mastropieri, & Casto, 


1987)


– Identify highest data point in baseline and 


determine the percentage of data points 


during intervention exceeding this level


 easy to interpret 


 non-parametric statistic







PND Calculation: An Example
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PND Calculation (cont.)
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Interpretation of PND scores


 If a study includes several experiments, 
PND scores are aggregated by taking the 
median (rather than mean)


– Scores usually not distributed normally


– Median less effected by “outliers”


 PND statistic: as higher the percentage 
the more effective the treatment


 Specific criteria for interpreting PND 
scores outlined by Scruggs, Mastropieri, 
Cook, and Escobar (1986) 







Interpretation of PND scores (cont.)


 PND range 0-100%


• PND < 50% reflects unreliable treatment


• PND 50% - 70% questionable effectiveness


• PND 70% - 90% fairly effective


• PND > 90% highly effective







Background 


 Currently, it is unclear how the PND is being 
applied across systematic reviews and meta-
analysis. 


 For example, Scruggs, Mastropieri and Casto 
(1987) proposed several conventions for 
applying the PND -
– To what extent are these being followed?


 To what extent is the application of the PND 
transparent, reliable, and replicable?







Purpose


 The purpose of this systematic review was 
to determine the reporting characteristics 
associated with the application of PND in 
systematic reviews and meta-analyses.







Criteria for Inclusion & Exclusion


 (1) PND was used to determine effectiveness


 (2) the paper needed to be a systematic review or 
meta-analysis of interventions using single-subject 
experimental designs (SSEDs)


– use of PND in studies using SSEDs were excluded;  


 (3) PND was applied to an original data set to 
answer a question of effectiveness


– secondary analyses of PND applications previously 
reported elsewhere did not qualify;


– methodologic/statistical comparisons with other 
outcome metrics did not qualify; 


 (4) the paper was published in a peer-reviewed 
journal or as a book chapter 







Search Methods
 SOURCES


– General Purpose Databases
• ERIC


• CINAHL


• Pubmed 


• PscyINFO


– Web-based search engines
• Google Scholar


• Scirrus


– Publisher-specific databases
• ScienceDirect


• Scopus


 “Percentage of Non-overlapping data” as an 
exact phrase anywhere in title, abstract, text


 Ancestry searches of reviews and articles







Data Extraction


 Coding categories
– I. Inclusion criteria stage


• Any criteria related to PND application


• Minimum # of data points


• Baseline


• Graphic display of data


• Ceiling/floor effects


– I. Data extraction stage
• Behavior change, generalization, & maintenance


• Defined conventions for behavior change designs


– Conventions stated


• Defined conventions for generalization designs


– Conventions stated and what comparison phase


• Defined conventions for maintenance designs


– Conventions stated and what comparison phase







Data Extraction
 Coding categories


– II. Data extraction stage continued


• IOA for PND application


• Absence of baseline handling


• Exclusion of ceiling/floor effects from PND calculation


– III. Data analysis stage


• Aggregation of data across studies


• Mean or Median?


• Rationale for not using the median


• Handling of ceiling/floor effects in baseline


– IV. Data interpretation


• Use of classification by Scruggs et al (1987) into 


– highly effective (PND > 90), effective (70-90, questionable (50-70, 


unreliable (< 50)


 Coding procedures 







Results
 30 Systematic Reviews or Meta-analyses


 1985-2008


 Inclusion criteria
– 68.96% (20) had inclusion criteria related to PND


– 13.79% (4) stated a minimum number of data points


– 41.37 (12) required the presence of a baseline


– 41.37% (12) required a graphic display of data


– 3.4% (1) excluded baselines with ceiling/floor effects


 Data extraction 
– 100% (29) evaluated intervention effectiveness


– 58.62% (17) evaluated generalization effectiveness


– 51.72% (15) evaluated maintenance effectiveness







Results - Data extraction


 Conventions for Intervention Designs


– 10.34% (3) provided conventions for three 


designs


– 27.58% (8) provided conventions for two 


designs


– 51.72 (15) provided conventions for one 


design


– 13.79% (4) provided conventions for no 


designs







Results - Data Extraction
 Conventions for Generalization Designs


– 11.76% (2 out of 17) provided conventions for generalization 
designs


– 0% (0 out of 17) defined the comparison condition


 Conventions for Maintenance Designs


– 29.41% (5 out of 17) provided conventions for 
maintenance


 44.83% (14 out 29) provided IOA for the calculation 
of PND


 4.5% (1 out of 22) dealt with absences of baseline in 
the data extraction phase


 0% (0 of 28) excluded data series with baseline 
ceiling/floor effects in the data extraction phase







Results - Data analysis stage


 89.6% (26 of 29) aggregated PND across 
studies


 34.61% (9 of 26) used the median to 
aggregate PND across studies


 12.5% (3 of 24) handled baseline ceiling/floor 
effects in data analysis







Discussion
 The application of PNDs across systematic reviews 


and meta-analyses varies greatly in quality


 Conventions for coding major designs (intervention, 
generalization, maintenance) need to be revisited


 Transparency of PND applications can be improved 
by stating:
– Inclusion criteria specific to PND


– Defining the conventions for coding PND across designs 


– Collecting and reporting IOA specifically for PND 
calculations


– Reporting conventions for handling baseline ceiling/floor 
effects
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Why Effect Sizes for Single-


Subject Experiments?


 Single-subject experimental designs (SSEDs) 


traditionally evaluated by visual analysis


 Evidence-based practice (EBP) emphasizes 


importance of more objective outcome measures, 


especially “magnitude of effect” indices or “effect 


sizes” (ES) (Horner et al., 2005). 


 Meta-analysis: ES are needed to summarize 


outcomes from SSEDs for research synthesis


 SSEDs predominant with low-incidence populations


 Meta-analysis of SSEDs emphasized in evidence 


hierarchies







Levels of Evidence


(Wendt & Lloyd, 2005)


1. Meta-analysis of (a) single-subject experimental designs, 


(b) quasi-experimental group designs (i.e., non-randomized) 


2a. quasi-


experimental 


group designs*   


2b. Single-subject 


experimental 


design – one 


intervention 


2c. Single-subject 


experimental 


design – multiple 


interventions 


3. Quantitative reviews that are non meta-analytic  


4. Narrative reviews  


5. Pre-experimental group designs and qualitative case 


studies  


6. Respectable opinion and/or anectodal evidence 
* Consider differences in quality regarding threats to internal and external 


validity (Campbell & Stanley, 1963). Adapted from Schlosser, 2003. 







Current Status


 What “effect size metrics” are most 
appropriate to measure effect size while 
respecting the characteristics of SSEDs


 Regression-based approaches
 Piece-wise regression procedure (Center, Skiba, 


& Casey, 1986)


 4-parameter model (Huitema & McKean, 2000)


 Multilevel Models (Van den Noortgarte & 
Onghena, 2003a, 2003b)


 Non-regression-based approaches
 Family of “non-overlap” metrics


 Specific metrics for behavior increase versus 
behavior reduction data
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General Considerations and 


Precautions


 Requirements of the specific metric applied
 Minimum number of data points or participants


 Specific type of SSED (e.g., multiple baseline)


 Randomization (e.g., assignment to treatment 
conditions, order of participants)


 Assumptions of data distribution and nature 
(e.g., normal distribution, no autocorrelation)


 Limitations
 Ability to detect changes in level and trend


 Orthogonal slope changes


 Sensitivity to floor and ceiling effects


 Direction of behavior change
 Behavior increase vs. decrease







Non-regression Based 


Approaches


 Family of “non-overlap” metrics
 Percentage of Non-overlapping Data (PND)


 Percentage of All Non-overlapping Data (PAND)


 Percentage of Data Points Exceeding the 
Median (PEM)


 Pairwise Data Overlap (PDO)


 Specific metrics for behavior reduction data 
(vs. behavior increase data)
 Percentage Reduction Data (PRD)


 Percentage of Zero Data (PZD) 







Percentage of Nonoverlapping 


Data (PND)


 Calculation of non-overlap between 


baseline and successive intervention 


phases (Scruggs, Mastropieri, & Casto, 


1987)


 Identify highest data point in baseline and 


determine the percentage of data points 


during intervention exceeding this level


 easy to interpret 


 non-parametric statistic







PND Calculation: An Example
PND = 7/11 = 60%







Interpretation of PND Scores


 If a study includes several experiments, 
PND scores are aggregated by taking the 
median (rather than mean)


 Scores usually not distributed normally


 Median less effected by “outliers”


 PND statistic: the higher the percentage 
the more effective the treatment


 Specific criteria for interpreting PND 
scores outlined by Scruggs, Mastropieri, 
Cook, and Escobar (1986) 







Interpretation of PND Scores 


(cont.)


 PND range 0-100%


 PND < 50% reflects unreliable treatment


 PND 50% - 70% questionable effectiveness


 PND 70% - 90% fairly effective


 PND > 90% highly effective







Limitations of PND


 Ignores all baseline data except one 


datapoint (this one can be unreliable)


 Ceiling effects


 Lacks sensitivity or discrimination ability 


as it nears 100% for very successful 


interventions


 Can not detect slope changes


 Needs its own interpretation guidelines


 Technically not an effect size







Percentage of All Non-


Overlapping Data (PAND)


 Calculation of total number of data points 


that do not overlap between baseline and 


intervention phases (Parker, Hagan-Burke, 


& Vannest, 2007)


 Identify overlapping data points (minimum 


number that would have to be transferred across 


phases for complete data separation)


 Compute % overlap by dividing number of 


overlapping points by total number of points


 Subtract this percent from 100 to get PAND


 Non-parametric statistic







PAND Calculation: An Example
% Overlap = 2/21 = 9.5%


PAND = 100%-9.5%= 90.5%







Advantages of PAND


 Uses all data points across both 


phases


 May be translated to Phi and Phi² to 


determine effect size (e.g., Cohen’s d)







Limitations of PAND


 Insensitive at the upper end of the 


scale


 100% is awarded regardless of distance 


between data points in the two phases


 Measures only mean level shifts and 


does not control for positive baseline 


trend


 Requires 20 data points for calculation







Percentage of Data Points 


Exceeding the Median (PEM)
 Calculation of percentage of data points 


exceeding the median of baseline phase (Ma, 


2006)


 Locate median point (uneven data set) or point 


between the two median points (even data set) in 


baseline data


 Draw horizontal middle line passing through median of 


baseline into treatment phase


 Compute percentage of treatment phase data points 


above the middle line if behavior increase is expected


 Below middle line if behavior decrease is expected


 Non-parametric statistic







PEM Calculation: An Example
PEM =11/11 = 100%







Interpretation of PEM


 Null hypothesis


 If treatment is ineffective, data points will 


continually fluctuate around the middle line


 PEM scores range from 0 to 1


 .9 to 1 reflects highly effective treatment


 .7 to .9 reflects moderately effective 


treatment


 Less than .7 reflects questionable or not 


effective treatment







Advantages of PEM


 PEM scores can be calculated from 


each pair of baseline-treatment phases


 Mean effect size of each article or 


each variable category can be 


calculated


 In the presence of floor or ceiling data 


points, PEM still reflects effect size 


while PND does not







Limitations of PEM


 Insensitive to magnitude of data points 


above the median


 Does not consider trend and variability 


in data points of treatment phase


 May reflect only partial improvement if 


orthogonal slope is present in baseline 


treatment pair after first treatment 


phase







Pairwise Data Overlap (PDO)


 Calculation of overlap of all possible paired 


data comparisons between baseline and 


intervention phases (Parker & Vannest, in 


press)


 Compare baseline data point with all intervention 


data points


 Determine number of overlapping (ol) and non-


overlapping (nol) points


 Compute total number of “nol” points divided by 


total number of comparisons


 Non-parametric statistic







PDO Calculation: An Example
PDO = (11 +11 + 11 + 11 + 11 + 7 + 9 + 11 + 11 


+ 11) / (10 x 11) = 95%







Advantages of PDO


 Produces highly reliable results as 


indicated by narrow confidence intervals


 Relates closely to established effect 


sizes (Pearson R, Kruskal-Wallis W)


 Matches visual judgments as well as 


other indices







Limitations of PDO


 Takes slightly longer to calculate


 Requires that individual data point 


results be written down and added


 Calculation is laborious for long and 


crowded data series







How Do PND, PEM, and 


PAND Compare?


 All three effect size metrics were applied to 


“real data”


 Data set taken from systematic review of 


school-based instructional interventions for 


students with autism spectrum disorders 


(Machalicek et al., in press)


 Outcomes: communication skills (e.g., 


gestures, natural speech, use of speech-


generating device)


 N=9 studies, 24 participants, various 


designs, A-B phases (acquisition) extracted







 


Study/ 


Design 


Purpose Participants Outcomes PND (%) PEM (%) PAND (%) 


Johnson et 


al. (2004)/ 


MBD 


Evaluate 


embedded 


instruction 


A1 


A2 


A3 


% correct use of 


AAC device 


100.00 


85.71 


87.50 


100.00 


100.00 


100.00 


100.00 


87.50 


95.83 


Buffington 


et al. 


(1998)/ 


MPD across 


behaviors 


To 


demonstrate 


the effects of 


modeling, 


prompting, & 


reinforcement 


on gesture 


acquisition 


A1 (1st response) 


A2 (affect) 


A3 (reference) 


B1 


B2 


B3 


C1 


C2 


C3 


D1 


D2 


D3 


% trials appropriate 


gestural and verbal 


response 


NOTE ZERO 


BASELINES  PND 


and PEM were the 


same 


PAND better as it is 


not influenced by 


number of datapoints 


(with zero baselines) 


show example 


94.44 


97.37 


93.33 


96.77 


95.92 


80.00 


90.57 


97.37 


90.00 


98.08 


94.87 


92.00 


94.44 


97.37 


93.33 


96.77 


95.92 


80.00 


90.57 


97.37 


90.00 


98.08 


94.87 


92.00 


90.38 


98.21 


96.43 


97.10 


97.10 


97.10 


91.38 


98.18 


98.28 


98.41 


96.83 


96.83 


Hetzroni  & 


Tannous 


(2004)/ 


MBD 


 


 


 


To evaluate the 


effectiveness 


of using a 


computer-


based 


intervention 


for enhancing 


communication 


functions 


B4 (play) 


B5 (food) 


B6 (hygiene) 


C3 (play) 


C2 (food) 


C6 (hygiene) 


E1 (play) 


E2 (food) 


E3 (hygiene) 


frequency of relevant 


speech 


 


 


 


 


frequency 


communication 


initiations 


94.44 


41.67 


50.00 


94.44 


75.00 


50.00 


61.11 


8.33 


0.00 


94.44 


66.67 


100.00 


100.00 


83.33 


66.67 


61.11 


16.66 


33.33 


95.45 


68.18 


90.91 


95.45 


86.33 


86.33 


68.18 


54.55 


00.00 







 


Study/ 


Design 


Purpose Participants Outcomes PND (%) PEM (%) PAND 


(%) 


Schepis et 


al. (1998)/ 


MPD 


Evaluate 


effects of 


naturalistic 


teaching 


strategies and 


SGD use  


A1 (snack) 


A2 (play) 


B1 (snack) 


B2 (play) 


C 


D 


frequency 


communicative 


interactions per min. 


all 3 metrics no 


problem when clear 


phase separation,  


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


Hetzroni 


and Shalem 


(2005)/ 


MPD across 


subjects 


Evaluate 


effectiveness of 


multilevel 


software in 


teaching 


orthography 


A1 


B1 


C1 


A2 


B2 


C2 


# of correctly 


matched 


orthographic 


symbols to 


corresponding logos 


Outlier distort PND 


66.67 


70.00 


87.50 


60.00 


81.82 


50.00 


77.77 


100.00 


100.00 


70.00 


100.00 


100.00 


78.57 


83.33 


95.00 


73.33 


90.00 


80.95 


Sigafoos et 


al. (2004)/ 


MBD 


Repair comm. 


breakdowns 


A % correct for blocks 


of 3 opportunities to 


locate AAC device 


100.00 100.00 100.00 







 


Study/ 


Design 


Purpose Participants Outcomes PND (%) PEM (%) PAND (%) 


Keen et al. 


(2001)/ 


MPD across 


behaviors 


To evaluate the 


effectiveness 


of a teacher-


implemented 


intervention 


intended to 


substitute 


prelinguistic 


behaviors with 


functional 


communication 


A1 (greet –prel.) 


A2 (request - pre.) 


A3 (choice-pre.) 


A4 (greet – repl.) 


A5 (request – rep. 


A6 (choice-repl.) 


B1 


B2 


B3 


B4 


B5 


B6 


C1 


C2 


C3 


C4 


C5 


C6 


D1 


D2 


D3 


D4 


D5 


D6 


% of opportunities 00.00 


83.33 


100.00 


60.00 


50.00 


100.00 


81.25 


100.00 


80.00 


88.24 


81.81 


83.33 


0.00 


63.64 


66.67 


00.00 


54.55 


83.33 


00.00 


92.86 


0.00 


0.00 


85.71 


100.00 


60.00 


100.00 


100.00 


70.00 


70.00 


100.00 


87.50 


100.00 


100.00 


88.24 


81.81 


83.33 


38.88 


90.91 


66.67 


83.33 


72.73 


83.33 


00.00 


100.00 


0.00 


0.00 


85.71 


100.00 


00.00 


91.67 


100.00 


85.71 


91.67 


100.00 


81.25 


100.00 


90.48 


87.50 


91.67 


90.48 


39.13 


61.10 


92.31 


78.26 


72.22 


92.31 


00.00 


94.12 


71.43 


00.00 


88.24 


100.00 


Smith & 


Camarata 


(1999)/MBD 


evaluate natur. 


language 


teaching interv. 


A 


B 


C 


% intervals verbal 


interaction 


40.00 


28.57 


43.48 


40.00 


100.00 


100.00 


83.33 


92.59 


87.50 


Kravits et al. 


(2002)/MBD 


examine PECS 


effects  


A1 (centers) 


A2 (journals) 


 91.67 


90.00 


91.67 


90.00 


96.55 


97.14 
 







Observed Patterns: PEM/PND 


versus PAND


(Buffington et al., 1998) 







Observed Patterns: PEM 


Inflated Scores


PND


PEM


Hetzroni & Shalem, 2005







Observed Patterns: PND 


Distorted by Outliers


Keen, Sigafoos, & Woodyatt, 2001







Observed Patterns: PAND, 


PEM, PND Insensitivity


PAND=PEM=PND= 100%


PAND=PEM=PND= 100%







Observed Patterns: PAND, 


PEM and PND w/out Overlap


(Schepis et al., 1998)







Percentage Reduction Data 


(PRD)


 Calculation of reduction of targeted 
behavior due to intervention (O’Brien & 
Repp, 1990)


 Determine mean of last three data points 
from baseline (µB) and of last three data 
points from intervention (µI)


 Calculate the amount of change between 
baseline and treatment
 [(µB - µI) ÷ µB] x 100


 Also called Mean Baseline Reduction 
(MBR) (Campbell, 2003, 2004)







PRD Calculation: An Example


0


10


20


30


40


50


60


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15


SESSIONS


O
U


T
C


O
M


E


Baseline (B) Intervention (I)


µB = (52 + 23 + 45)/3 = 40


µI = (10 + 2+ 0)/3 = 4


PRD = (40 - 4)/40 = 90%


PRD Calculation: An Example







Percentage of Zero Data 


(PZD)


 Calculation of the degree to which 


intervention completely suppresses 


targeted behavior (Scotti et al., 1991)


 Identify first data point to reach zero in an 


intervention phase


 Calculate the percentage of data points 


that remain at zero from the first zero 


point onwards 







PZD Calculation: An Example


0


10


20


30


40


50


60


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15


SESSIONS


O
U


T
C


O
M


E


Baseline (B) Intervention (I)


PZD = 2/6 = 33%


PZD Calculation: An Example







Interpretation of PZD scores


 PZD range 0-100%


 PZD < 18% reflects ineffectiveness


 PZD 18% - 54% reflects questionable 


effectiveness


 PZD 55% - 80% reflects fair effectiveness


 PZD > 80% reflects high effectiveness







How Do PND, PRD, and PZD 


Compare?


 All three effect size metrics were 
applied to “real data”


 Data set taken from systematic review 
of intervention studies on Functional 
Communication training (Chacon, 
Wendt, & Lloyd, 2006)


 Intervention: graphic symbols, manual 
signs, speech







Study N Condition Intervention PND (%) PRD (%) PZD (%)


Braithwaite & 


Richdale 


(2000)


1 Access Vocalizations (“I want ___ please”) 100 100 95


Escape Vocalizations (“I need help please”) 92 100 100


Day, Horner, & 


O’Neill 


(1994)


1 Access Manual signs (“want”) 100 100 67


Escape Vocalizations (“go”) 100 98 50


Horner & Day 


(1991)


1 Escape Graphic symbol (“break”) with 1s 


delay


100 83 80


Graphic symbol (“break”) with 20s 


delay


0 -64 0


Schindler & 


Horner 


(2005)


2 Escape Graphic symbol/Vocalization 


(“help”)


18 83 47


Escape Graphic symbol (“change,” 


“activity”)


72 92 24


Sigafoos & 


Meikle 


(1996)


2 Attention Vocalizations (“Beth”) 86 81 80


Access Vocalizations (“drink,” “toy,” 


“want”)


100 100 96


Attention Gestures (tapping teacher’s hand) 100 100 100


Access Graphic symbols (“food,” “drink,” 


“toy”)


100 100 100


Wacker et al. 


(1990)


1 Access Gestures (touching chin) 50 49 25







Future Directions


 Currently no consensus supporting the use 


of a single “best” effect size metric for 


summarizing the results of SSEDS


 Future meta-analyses may use several 


SSED effect sizes to summarize a 


treatment’s effectiveness


 Use of these multiple measures should provide 


a better picture describing how different metrics 


compare to one another and to fit each single-


subject research design with the most suitable 


metric







Future Directions (cont.)


 Future research on SSED effect size metrics 


needs to compare the metrics with each 


other using real datasets and not a 


convenience sample


 Compare metrics within family of “non-overlap”


 Compare across regression versus non-


regression based approaches
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