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Chapter 2 
Literature Review 

2.1 Definition of Disruptive Behavior 

 Thomas, Becker, and Armstrong (1968) employed a study to investigate the 
effect of treatment on disruptive behavior by systematically varying the teacher’s 
behavior. The five classes of disruptive behaviors in their study were gross motor 
activities, noise making, orienting, verbalizations, and aggression, all behaviors 
considered incompatible with good classroom learning. Behaviors included in each 
category are presented in Table 1. 
 
Table 1 
Categorization of Disruptive Behaviors 
Behavioral Category Disruptive Behavior 
Gross motor activities Including getting out of seat, standing 

up, walking around, running, hopping, 
skipping, jumping, rocking chair, 
moving chair, sitting with chair in aisle, 
kneeling in chair, arm flailing, and 
rocking body without moving chair. 

Noise-making Rated when observers could hear the 
noise as well as see the noise-making 
action. Including tapping feet, clapping, 
rattling papers, tearing papers, throwing 
books or other objects onto desks, 
kicking the desk or chair, and scooting 
the desk or chair. 

Verbalization Rated only when observers could hear 
the response. Lip movements alone were 
not rated. Including carrying on 
conversations with other children, 
calling out a teacher’s name to get her 
attention, crying, screaming, singing, 
whistling, laughing, and coughing. 
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Table 1 
Categorization of Disruptive Behaviors (Continued) 
Behavioral Category Disruptive Behavior 
Orienting Occurs when the child is seated. 

Including turning of head or head and 
body toward another person, showing 
objects to another child and looking at 
another child. Looking behaviors of less 
than 4 seconds duration were not rated 
except for any turn of more than 90 
degrees from the desk. 

Aggression Including hitting, pushing, shoving, 
pinching, slapping, striking with objects, 
poking with objects, grabbing objects or 
work belonging to another, knocking 
neighbor’s property off desk, destroying 
another’s property, and throwing objects.

Note. From “Production and Elimination of Disruptive Classroom Behavior by Systematically 

Varying Teacher’s Behavior,” by D. R. Thomas, W. C. Becker, and M. Armstrong, 1968, Journal 

of Applied Behavior Analysis, 1, p. 37-38. 

 
 In addition, Skiba, Casey, and Center (1985-1986) employed an investigation 
using a regression approach to generate effect sizes of treatment on classroom 
behavior problems. Four classes of classroom behavior problem were given as follows 
(Skiba, et al., 1985-1986, p.466-467): withdrawn/social isolate, which included 
behaviors that indicated a low rate of social interaction; noncompliant behavior, 
including refusal to follow rules or directions; general management problems, 
including noises, talk-outs and out-of-seat behaviors; general inappropriate 
classroom behaviors, meaning off-task behavior; and negative social interaction with 
peers or adults. General management problems and general inappropriate behavior 
were further combined into the class of disruptive behavior in their synthesis. In fact, 
the definitions of disruptive behaviors in Skiba et al. are the same as the 
categorization described by Thomas, et al. (1968). 
 
 Hence, although some disruptive behaviors are not life threatening or excessively 
severe, they are considered to be problematic by subjects’ teachers, parents, caregivers, 
and dentists since disruptive behaviors prevent the subject from participating in 
instructional activities, family routines, and high-quality dental treatment. In the 
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present synthesis, disruptive behavior will be defined as “An excessive behavior that 
can interfere with the general activities proceeding at the time”. Because of the 
diversity of disruptive behaviors across the subjects in this synthesis, the present 
author further classified five subcategories based on the original authors’ descriptions 
including gross motor activities, noise, verbalization, orienting, and aggression. 
Specific definitions for each subcategory of disruptive behaviors are detailed in Table 
1. 
 
 
 
 

2.2 Description of Treatment Procedures 
 The field of applied behavior analysis has developed a large number of 
intervention techniques for reducing disruptive behavior. The description of treatment 
procedures is briefly described in Table 2. A breakdown of the effectiveness of 
treatment procedures collected in this synthesis will be presented in Chapter Four. 

 In addition, several studies have been carried out in relation to the use of 
curriculum packages or instructional strategies as a treatment to promote desirable 
behavior and decrease disruptive behavior (e.g., Dunlap, Kern-Dunlap, Clarke, & 
Robbins, 1991; Clarke, Dunlap, Foster-Johnson, Childs, Wilson, White, & Vera, 1995). 
Specific guidelines of curriculum packages and instructional variables include: 
student interest or preference (Clarke et al., 1995), student choice (e.g., Vaughn & 
Horner, 1997; Kern, Mantegna, Vorndran, Bailin, & Hilt, 2001; Romaniuk, 
Miltenberger, Conyers, Jenner, Jurgens, & Ringenberg, 2002), and task difficulty 
(Weeks & Gaylord-Ross, 1981). These studies suggested that academic behavior can 
be improved if specific positive behavioral support guidelines are incorporated into 
curriculum activities (Clarke et al., 1995). In the present study, the effectiveness of 
such treatment will be evaluated by different curricular factors. 
 
 In the studies in this synthesis, some subjects participated in a functional analysis 
to identify the specific procedure or reinforcer maintaining the disruptive behavior 
before implementing treatment. In the functional analysis, the researcher evaluates 
whether a systematic manipulation influenced the target behavior depending on the 
function of the behavior. If the specific treatment procedure is employed followed a 
baseline phase, treatment outcomes were calculated and included in the present 
synthesis (e.g., Carr, Newson, & Binkoff, 1980; Weeks et al., 1981; Durand & Carr, 
1991; Durand & Carr, 1992; Broussard & Northup, 1995). 
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Table 2 
Description of Treatment Procedures 

Treatment Procedure Description 
Cognitive-behavioral 
training 

Students are taught to use self-instruction to control 
their inappropriate behavior by the practice of memory 
strategies, modeling procedures, and role-play 
activities (Smith, Siegel, O’Connor, & Thomas, 1994, 
p.129-130). 

Compliance training Participants are taught to respond correctly to a variety 
of verbal or non-verbal commands. 

Correspondence training A procedure of ameliorating a subject’s negative 
nonverbal behavior by changing his (or her) 
verbalization (Whitman, Scibak, Butler, Richter, & 
Johnson, 1982, p.546). 

Differential reinforcement 
for other behavior 
/behavior omission (i.e., 
DRO) 

A procedure involving provision of positive 
reinforcement for the student contingent upon the 
absence of a disruptive behavior (or the presence of 
other good behaviors) during a specified time interval 
(Stage et al., 1997, p.334). 

Differential reinforcement 
of alternative behavior 
(i.e., DRA) 

A procedure of replacing an inappropriate behavior 
with better behaviors by providing reinforcement. 

Differential reinforcement 
of incompatible behavior 
(i.e., DRI) 

A procedure of replacing an undesirable behavior with 
incompatible and desirable responses by providing 
reinforcement. 

Differential reinforcement 
of low rates of response 
(i.e., DRL) 

A procedure involving provision of positive 
reinforcement for the subject contingent on a preset 
limit of occurrence of disruptive behaviors within a 
specified time interval (Stage et al., 1997, p.334). 

Extinction A procedure involving the withholding of previously 
given positive reinforcement following the emission of 
target behavior. No criminative cues, such as 
environmental changes or verbal warnings, are given 
(Harris & Ersner-Hershfield, 1978, 1355). 
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Table 2 
Description of Treatment Procedures (Continued) 

Treatment Procedure Description 
Functional communicative 
training (i.e., FCT) 

This intervention strategy utilizes communicative 
behavior as the functionally equivalent response. 
Before a specific communicative training is taught to a 
subject, an assessment is implemented in order to 
identify possible attention or escape seeking functions.

Graduated guidance A procedure where the trainer uses the minimal 
physical force necessary to ensure the subject complies 
and gradually withdraws this force until only verbal 
commands are required (Carter & Ward, 1987, p.228). 

Group contingency Group contingencies operate similarly to token 
economies and response cost procedures except that 
group membership parameters determine 
reinforcement or response cost. There are three 
different types of group contingency procedures: (a) 
inter-dependent group contingencies requiring the 
group to perform to set a standard; (b) dependent group 
contingences requiring selected group members to 
perform to a standard; and (c) independent group 
contingencies requiring each student in the group to 
perform to a standard (Stage et al., 1997, p.335). 

Good behavior game The major components of this procedure consist of: (a) 
establishing a criterion for winning the game; (b) 
dividing the class into teams; (c) administering team 
points for appropriate behavior; and (d) providing 
reinforcers to all members of the winning team 
(Fishbein & Wasik, 1981, p.89-90; Darveaux, 1984, 
p.511). 

Home-based contingency Teachers use weekly or daily report cards to notify 
parents of their children’s classroom behavior. The 
subject will earn privileges in the home if he (or she) 
behaves appropriately. But the subject will lose 
privileges if his (or her) disruptive behaviors reach a 
preset limit (Stage et al., 1997, p.335). 
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Table 2 
Description of Treatment Procedures (Continued) 

Treatment Procedure Description 
Overcorrection A procedure which consists of two components: 

restitution and positive practice. Restitution involves 
reinstating an environment vastly superior to that 
which existed (e.g., first cleaning up a mess and then 
other parts of a room). Positive practice consists of 
practicing new, alternative appropriate behaviors many 
times (e.g., a child who had a toileting accident would 
be required to practice going and sitting on the potty 10 
times after an accident) (Gorman-Smith & Matson, 
1985, p.298). 

Peer-confrontation system A confrontation process consists of (a) identification of 
problem behavior, (b) specification of the negative 
influence of the target behavior, (c) development of 
behavior change strategies suggested by peers. Both 
the teacher and the subject’s peers verbally reinforce 
the subject for his (or her) engagement in appropriate 
behavior (Sandler, Arnold, Gable, & Strain, 1987, 
p.104). 

Response cost A procedure involving the withholding of previously 
given tokens, points, or their equivalents. 

School-based behavioral 
consultation 

A five-stage consultation process consisting of (a) 
analyzing a student’s problem, (b) developing behavior 
change strategies, (c) ascertaining a baseline of the 
student’s behavior, (d) implementing a treatment plan 
(the teacher and student are encouraged to participate 
in a reinforcement-based intervention strategy of 
behavioral contract as employed by the consultant), (e) 
evaluating the consultation in terms of change in the 
student’s behavior through multi-method outcome 
measures including direct observations of the target 
problem behavior, a behavioral checklist, and a 
treatment acceptability questionnaire administered to 
the teacher and to the student (Wilkinson, 1997; 
Wilkinson, 2003). 
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Table 2 
Description of Treatment Procedures (Continued) 

Treatment Procedure Description 
Self-management training Self-management interventions comprise interventions 

that rely on self-monitoring, self-evaluation, 
self-reinforcement, and self-instructional training 
(Stage et al., 1997, p.335). 

Social problem-solving 
training 

Social problem-solving steps include: (a) problem 
identification, (b) generation of alternative solutions, 
(c) evaluation of consequences, (d) mean-ends 
thinking, and (e) implementation (Guevremont & 
Foster, 1993, p.18). 

Time out Removal of the subject from reinforcement 
(Gorman-Smith et al., 1985, p.298). 

Token economy This system enables the child to earn recognition 
(points/tokens) for his or her effort. Points/tokens can 
then be exchanged for a wide variety of activities, 
privileges, and priorities (Ayllon & Roberts, 1974, 
p.74). 

Verbal reprimand A social punishment procedure using a loud verbal 
correction. 

 
 
 
 

2.3 The Use of Meta-Analysis: Findings and Issues 
 Meta-analysis provides a quantitative method to reach a certain conclusion by 
integrating relevant studies on a theoretical issue. Hence, attempts have been made by 
scholars to clarify the relative effectiveness of different interventions. They have 
sought to evaluate the relations between target behavior type, participant/intervenor 
characteristics, and treatment settings for a range of excessive behavior. The following 
is a summary of the major findings in five such meta-analytic studies by 
Gorman-Smith et al. (1985), Skiba et al. (1985-1986), Scruggs, Margo, Cook, and 
Escobar (1986), Scotti et al. (1991), and Stage et al. (1997). 

 Gorman-Smith et al. (1985) conducted a meta-analytic study on treatment 
effectiveness on self-injurious and stereotyped responding. Studies included in their 
synthesis were both group and single-subject design. In their study, the average of 
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each subject’s baseline data was compared to the average for the last 5 days of a 
treatment phase (Carter et al., 1987, p. 298). The authors did not provide a rationale 
for this decision. Hence, Schlosser and Goetze (1992, p.164) indicated that ” 
Gorman-Smith et al. did not consider their results in determining the current status of 
effectiveness.” The results in their study are not included here. In the present synthesis, 
to improve the shortcomings mentioned in the synthesis by Gorman-Smith et al. all 
data in each pair of baseline-treatment phases will be completely computed. 
 
 Skiba et al. (1985-1986) utilized a regression approach to generate effect sizes 
for a quantitative synthesis of single-subject studies. The synthesis examined the 
effectiveness of reinforcement using token and tangible reinforcers, social 
reinforcement, activity reinforcement, feedback procedures, and others (including 
observation of others being reinforced and covert positive reinforcement) to treat 
classroom behavior problems. The synthesis only analyzed reinforcement and 
feedback procedures, and included no interventions with aversive contingencies. 
Their findings can be summarized as follows: 

1. Only treatments using activity reinforcement differed significantly and were 
in fact superior to all other treatments. 

2. The result of a one-way analysis of variance showed that there were no 
significant differences between reinforcement and feedback-type 
interventions while applying interventions to treat classroom behavior 
problems. 

3. Reinforcement procedures exhibited a clear advantage in reducing classroom 
behavior problems over feedback when group contingencies were in effect. 
In individual treatment situations, however, feedback was revealed as 
somewhat more effective in the treatment of classroom behavior problems 
than reinforcement procedures. 

4. Feedback procedures contributed to larger effect sizes in the management of 
disruptive behavior than reinforcement procedures; while the relationship 
appeared reversed in the treatment of off-task behavior. 

5. Reinforcement approaches resulted in somewhat stronger effects in reducing 
classroom behavior problems in regular classroom settings than feedback. In 
special education settings, however, feedback procedures proved to be clearly 
superior to reinforcement. 
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 Scruggs et al. (1986) employed a synthesis to evaluate treatment effectiveness of 
pre-school children with conduct disorder by utilizing the PND (Percentage of 
Nonoverlapping Data) method. The target behavior included noncompliant, 
aggressive, self-injurious, and other socially inappropriate behaviors. Interventions in 
the synthesis included differential attention/praise, punishment/timeout procedures, 
and reinforcement. Their findings can be summarized as follows: 

1. Results of pairwise comparisons revealed that tangible reinforcement was 
significantly associated with stronger outcomes than contingent social 
attention. Punishment/timeout treatments and contingent social attention 
showed no significant difference. Moreover, tangible reinforcement and 
punishment/timeout also showed no significant difference. 

2. There were stronger outcomes in home settings than in school or in 
institutional settings. The observed differences appear to be due to 
unbalanced cell frequencies of the intervention variable. 

3. Breakdowns of PND scores by parent, teacher, or researcher as primary 
intervenor revealed no significant effect. 

4. Subjects in their investigation were classified as autistic, developmentally 
delayed/mentally retarded, or conduct disorder without cognitive deficiencies. 
Breakdown of PND scores by subject classification revealed that overall 
differences did not appear to be statistically significant. 

5. Subjects were classified as younger if age in months at start of intervention 
was 48 or less, and older if age in months was 54 or greater. Differences in 
PND scores by age level were significant. Further analysis of this finding 
suggested that measurement of the strength of effect across treatments for 
younger subjects was not easily interpretable, and was thought to reflect 
idiosyncratic effects. Differences in PND scores by sex of subject were not 
statistically significant. 

6. No systematic differences in outcomes were associated with target behavior 
class. 

 
 Scotti et al. (1991) performed a synthesis of the effectiveness of fourteen 
interventions with the PND and PZD (Percentage of Zero Data) methods. The 
fourteen interventions included extinction, physical/mechanical restraint, 
overcorrection, contingent aversive stimulation, visual screening (i.e., facial restraint, 
which means placing a bob or some cloth over the eyes for a brief period time 
contingent on the emission of a target behavior), brief restraint redirection, timeout, 
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response cost, environmental change, restitution (i.e., make correction, apologize), 
teaching a skill, reinforcement-based (i.e., differential reinforcement, positive 
contingency management, token economy without response cost), social disapproval, 
and medication. The fourteen interventions were analyzed by five target problem 
behaviors including self-injurious behavior, stereotypic behavior, inappropriate social 
behavior/other, destructive/disruptive behavior, and physically aggressive/tantrum 
behavior. Their results can be summarized as follows: 

1. Scotti et al. (1991) established a new quartile-split method for determining 
cut-off scores. PND scores ranging from 50% to 80% were designated as 
questionable; >80% to ≤99% as fair; and 100% as highly effective. But this 
criterion is contradictory to that claimed by Scruggs et al. (1986, p.262).  

2. A two-way (included intrusiveness level and reported effectiveness) ANOVA 
did not reveal any significant main effects or interaction of the effectiveness 
of primary interventions (not including treatment in the follow-up phase) for 
the PND scores. 

3. The result did not reveal any significant effect for intervention class. 

4. The result of the ANOVA showed significant effect by behavior class. 
Treatment for physically aggressive/tantrum behaviors and 
destructive/disruptive behaviors showed the least effects, as measured by 
PND. 

5. There was a failure to analyze the effectiveness of interventions by behavior 
type because it is impossible to create a matrix of the five classes of target 
behavior crossed with the fourteen classes of intervention. 

6. PND scores showed the least treatment effect for physically 
aggressive/tantrum behaviors. PZD scores showed the least treatment effect 
for destructive/disruptive behavior and stereotyped behavior. The variance 
analysis of both PND and PZD scores showed that differences among 
behavior classes were significant. 

7. Intervention strategies combining reinforcement-based procedures with 
another intervention showed greater response suppression than did those not 
including reinforcement. 

8. The analysis of optimal intervention characteristics supported the point that 
active programming (e.g., teaching an alternative skill) was an important 
factor in obtaining response suppression. 
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9. The intervention settings (home/community, school/vocational, and 
institution/clinic/research facility), sex, age, and diagnosis were unrelated to 
the effectiveness of interventions. 

 
 Stage et al. (1997) used the Interrupted Time Series Autocorrelation 
(ITSACORR) program to synthesize the treatment effects on disruptive behavior in 
public education settings. Their synthesis included group studies and single-subject 
studies. Interventions included teacher behavior, punishment, token economy, 
differential reinforcement, response, group contingency, peer management, 
home-based contingency (i.e., teachers use weekly or daily report cards to notify 
parents of their children’s behavior), stimulus cue (e.g. a teacher places a mark on the 
chalkboard when the disruptive behavior occurs), functional assessment, 
self-management, cognitive-behavioral interventions, and multi-modal interventions 
(this category includes a wide array of combined interventions). Their findings can be 
summarized as follows: 

1. There were no statistical differences between the interventions owing to the 
large standard deviations. 

2. The categories of independent variables in their synthesis consisted of the 
use of positive consequences (i.e., reinforcement), negative consequences 
(i.e., punishment), combined positive and negative consequences (i.e., 
combined reinforcement and punishment), and no immediate consequence. 
The results of the analysis of variance were not significant, suggesting that 
no one specific type of behavioral consequence resulted in a different 
treatment effect on disruptive classroom behavior. 

3. The mean effect size for special classrooms was significantly greater than 
that for regular education settings. This result suggests that the interventions 
used in special classrooms resulted in greater reductions of disruptive 
classroom behavior than in regular education classroom settings. 

4. Interventions are more significantly effective for students with serious 
emotional disturbances than for students who exhibit aggressive behavior, 
oppositional defiant, or conduct disorder. 

 
  Table 3 below there is a summary of the synthesis methods and limitations 

mentioned by themselves or by other researchers. As Stage et al. (1997, p.338) note, 
single-subject data face several statistical challenges which need to be overcome so 
that an adequate method for calculating effect size can be found. In the present paper 
the main stress falls on a comparison between the PND and PEM (Percentage of data 
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points exceeding the median of preceding baseline phase) method, so detailed 
statements about other quantitative syntheses is omitted. 
 
Table 3 
Methods and Limitations in Previous Quantitative Synthesis for Disruptive Behavior 
Author/Year Method Limitations 
Gorman-Smith 
et al. (1985) 

Computation of the 
average of each 
subject’s baseline 
data was compared 
to the average for 
the last 5 days of a 
treatment phase. 

Schlosser et al. (1992, p.164) indicated 
that” They did not consider their results in 
determining the current status of 
effectiveness.” 

Skiba et al. 
(1985-1986) 

A regression 
approach 

The lack of nonindependence can cause 
problems when measures of all effect size 
are generated. 

Scruggs et al. 
(1986) 

PND method (1) PND can yield quite a inaccurate 
computation when one data item is zero in 
the baseline phase. 

(2) PND scores will be greatly 
underestimated when there is an 
orthogonal slope change in the second 
pair of baseline-treatment phases. 

Scotti et al. 
(1991) 

PND and PZD 
methods 

The PZD method provides a stringent 
measure of anticipated outcome only 
when researchers are confident in 
predicting the specific effectiveness of an 
intervention. 

Stage et al. 
(1997) 

ITSACORR 
Program 

Unless there are a substantial number of 
data points in a single-case research, a 
series of a few points will not provide a 
reliable estimate. 50 to 100 data points per 
phase are required for its proper use 
(Crosbie, 1993, p.967-968). 
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2.4 The Use of PND 
 Typically, single-subject research has involved the plotting of operationalized 
behaviors across various treatment phases in a time-series fashion (Scruggs, 
Mastropieri & Casto, 1987). Outcomes of single-subject studies have generally been 
evaluated by “visual inspection” methods (Parsonson & Baer, 1978). Mastropieri et al. 
(1985-1986) suggested a measure of PND between baseline and treatment phases as a 
common outcome metric across each study. 

 The PND method is determined by calculating the proportion of treatment data 
which exceeds the highest value exhibited in the baseline. Such a procedure is not 
difficult to calculate, and a determination of exact data values is not necessary. 
Scruggs, Mastropieri, and their colleagues have examined applications of this 
procedure in the synthesis of early intervention literature on social withdrawal 
(Mastropieri et al., 1985-1986), conduct disorder (Scruggs et al., 1986), language 
intervention (Scruggs, Mastropieri, Forness, & Kavale, 1988), generalization training 
(Scruggs & Mastropieri, 1994), and reading comprehension with learning disability 
(Mastropieri, Scruggs, Bakken, & Whedon, 1996). Furthermore, Kavale, Mathur, 
Quinn, Forness, and Rutherford (1997) also used the PND procedure to synthesize the 
effectiveness of social skills training on students with emotional and behavioral 
problems. Characteristics of the PND are described below. 

 First, a proportion of overlapping data can easily be computed in the great 
majority of studies, and thus provides a good measure of treatment effectiveness in 
most cases (Mastropieri et al, 1985-1986). 
  
 Second, a proportion of nonoverlapping data is easily computed except for some 
specific data trends. Specific data trends include: first, an effect presented in the 
second baseline of a reversal design orthogonal to the acquisition slope of the second 
treatment phase (Scruggs et al., 1987, p.29). Moreover, if the number of within-phase 
data points is too few, there can be no confident estimation of slopes. Such phases 
with few data points are easily influenced by outliers, or random fluctuation, which 
can be difficult to calculate as a slope (Scruggs et al., 1987, p.30). However, Scruggs 
et al. (1987) found that the above inappropriate data trends do not appear to arise in 
analysis of the results of published single-subject research literature. Another instance 
in which PND may not be an appropriate measure involves floor or ceiling effects in 
graphed data. The treatment data points overlap the majority of the baseline data when 
a baseline phase has floor or ceiling data points, so treatment effects are usually 
underestimated. 
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 Third, it has been noted that PND scores are very meaningful to readers familiar 
with behavioral principles (Scruggs, 1992, p.241). Mathur, Kavale, Quinn, Forness, 
and Rutherford (1998, p.195) indicated that a PND score is easy to interpret in that the 
larger the score, the better. The percentage of nonoverlapping data ranges from 0% to 
100%. Table 4 shows a criterion to evaluate the effectiveness of interventions that was 
suggested by Scruggs et al. (1986, p.262). 
 
Table 4 
Scruggs et al. Criterion 

Mean PND Scores Evaluation 
Above .90 Highly effective 

.90-.70 Moderately effective 

.70-.50 Mildly (or questionable) effective 
Below .50 Ineffective 

 
 Fourth, PND scores have been found to be highly correlated with overall ratings 
of treatment effectiveness by experts (with Spearman correlation coefficient rs=0.68, 
p<. 001) (Mastropieri et al., 1985-1986, p.435). 
 
 Although the PND procedure has many advantages, limitations in the procedure 
have been proposed. Scotti et al. (1991, p.238) suggested that the evaluative criteria of 
the PND are arbitrary, and they developed the PZD method to supplement the PND 
method. PZD provides a stringent measure of anticipated outcome when researchers 
are confident in predicting the specific effectiveness of an intervention. In their paper, 
it was recommended that two caveats should be considered (Scotti et al., 1991, p.250): 
first, both PND and PZD statistics are new and not yet widely utilized. Second, and 
more critically, these statistics do not represent the only or the best possible standards 
for judging the practical validity of interventions. 
 

White (1987) further proposed some arguments concerning the PND procedure. 
First, the PND does not evaluate the overall variability of the baseline. A data series of 
increased variability makes it more difficult to evaluate change and should reduce the 
PND scores. Thus, a complex data trend may result in a distinct impact on the 
reliability and validity of the PND. 
 

Finally, Ma (2002) indicated that the two crucial drawbacks of the PND method 
are: first, the PND procedure fails to calculate treatment effect when some data points 
in the baseline phase reach ceiling (or floor, if the desirable behavior is expected to 
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decrease after introducing treatment) level. In such situations, the PND scores will be 
0%, although the treatment effect can be seen to exist by visual inspection. Hence, it 
is important to use a more powerful statistical method to compute the treatment effect. 
 

Second, the PND scores will be greatly underestimated when there is an 
orthogonal slope change in the second pair of baseline-treatment phases. It might be a 
common case that the treatment effect in the second baseline phase does not suddenly 
drop to the previous level of the first baseline phase; but becomes gradually extinct, 
and in addition the curve in the second treatment phase would also rise progressively. 
 
 
 
 

2.5 The Use of PEM 
Therefore, to improve the shortcomings of the PND method, Ma (2002) 

developed a PEM approach, and one of the purposes of this present study is to 
investigate the influence of floor effect and orthogonal slope change on the 
computation of treatment effects. 
 

Steps in computing PEM scores are described as follows (Ma, 2002): first, a 
horizontal median line is drawn in the baseline phase. This horizontal median line will 
hit the median point when the number of data points in the baseline phase is odd; and 
go between the two median points if the number of data points is even. Second, the 
median line stretches out horizontally to the treatment phase, and the percentage of 
data points of treatment phase above the median line may be calculated to obtain a 
PEM score. Additionally, the percentage of data points of treatment phase below the 
median line may be calculated if the undesired behavior is expected to decrease after 
the specific treatment is given. 

The null hypothesis of the PEM approach is that if the treatment has no effect, 
the data points in the treatment phase will fluctuate up and down around the median 
line. That is to say, the data points have a 50% probability of appearing above and of 
50% appearing below the median line. The PEM score ranges from 0 to 1. A PEM 
score can be computed separately from each pair of baseline-treatment phases. The 
meaning of a PEM score is the same as an effect size. If there is more than one effect 
size in an article, they may be further averaged to form a mean effect size for that 
article. 


