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Students with attention deficit hyperactivity disorder (ADHD) experience
symptoms of inattention, impulsivity, and hyperactivity that often manifest
as academic impairment. As such, teachers must select interventions to
increase the probability of success for students with ADHD in their classes.
Prior meta-analyses have evaluated school-based intervention effects;
however, no systematic review meta-analysis has evaluated the effective-
ness of interventions implemented in classrooms with students with ADHD.
Additionally, classroom-based studies are frequently conducted through
single-case design methodology, and recent advances in meta-analytic
techniques provide the opportunity to explore intervention effectiveness
as evaluated through quality research. Therefore, to inform selection of
evidence-based interventions to be implemented in classroom settings, the
current systematic review with meta-analysis of single-case design studies
was conducted to evaluate intervention effectiveness, evidence-based
status, and moderators of effects for four intervention types (behavioral,
instructional, self-management, and environmental) when implemented
with students with ADHD in classroom settings. The analysis included 27
articles published from 1971 to 2018. Overall and specific to each intervention
type, the results indicate that classroom-based interventions for students
with ADHD were moderately effective. Instructional and self-management
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interventions were deemed evidence based by What Works Clearinghouse
standards and potentially evidence based by Council for Exceptional
Children standards. Behavioral interventions were found to be potentially
evidence based by Council for Exceptional Children criteria and were
most effective when selected through functional behavior analysis and
implemented by researchers in secondary settings. Instructional inter-
ventions were more effective when implemented in special education
settings targeting academic outcomes. Implications for research and practice
are discussed.

Keyworps: meta-analysis, attention deficit hyperactivity disorder, ADHD,
interventions, classroom-based

Attention deficit hyperactivity disorder (ADHD) is a neurobiological disorder
that negatively affects 6.1 million children and adolescents in the United States
(Centers for Disease Control and Prevention, 2016). Students with ADHD
demonstrate inattention, hyperactivity, and/or impulsivity, and they experience
impairment in academic and behavioral performance, family and peer relations,
and self-esteem (Power et al., 2017). Academic impairment manifests as
increased risk of earning poor grades and standardized test scores, being retained
in a grade, and leaving school prior to graduation (Loe & Feldman, 2007). To
address the challenges faced by students with ADHD in schools, researchers are
tasked with developing effective interventions to inform teacher practice in
classrooms.

The effectiveness of school/classroom-based interventions for students with
ADHD has been explored in prior systematic reviews and meta-analyses.
However, no systematic review with meta-analysis has focused solely on explo-
ration of the types of interventions that are effective when implemented in class-
rooms through single-case design (SCD), the methodology frequently utilized to
evaluate classroom-based interventions (Byiers, Reichle, & Symons, 2012;
DuPaul, Eckert, & Vilardo, 2012; Horner et al., 2005; Reid, Hagaman, & Graham,
2014). Pyle and Fabiano (2017) conducted a SCD meta-analysis on the effective-
ness of one behavioral intervention, Daily Report Card (DRC), and reported
overall large effects, however, the focus of the study was not on all potential
classroom-based interventions.

SCD research is experimental and has a long and productive history of use for
identifying interventions to be implemented in classrooms with students with dis-
abilities and to establish the evidence-based status of interventions (Horner et al.,
2005). In SCD research, the subject (e.g., student, classroom) serves as the con-
trol. Outcomes are measured across time, typically beginning with the measure-
ment of baseline behavior followed by the introduction of an intervention. SCD
allows for the analysis of causal relations evident in a change in the dependent
variable as a result of manipulation of the independent variable while controlling
for extraneous variables (Barlow, Nock, & Hersen, 2009; Kazdin, 2011).
Furthermore, SCD research methods control for threats to internal validity through
within- and between-subject comparisons and threats to external validity with
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systematic replication across participants and/or settings (Horner et al., 2005;
Martella, Nelson, & Marchand-Martella, 1999). As such, SCD methodology is
appropriate to answer questions regarding effective classroom practices for stu-
dents with disabilities.

SCD research is particularly relevant to questions regarding the effectiveness
of interventions implemented for students with ADHD in classroom settings, as
the behavior of students with ADHD is known to be variable within and between
students (Aase & Sagvolden, 2005). With SCD, the individual is the unit of
measurement, and intervention effects are measured frequently and can be eval-
uated across time, individuals, and settings. As such, SCD is sensitive to the
small and variable changes in behavior (Byiers et al., 2012) frequently observed
when measuring the effects of interventions for students with ADHD. Because
of these characteristics of SCD, a majority of research that has evaluated the
effectiveness of interventions implemented in classrooms with students with
ADHD has been conducted with SCD methodology (DuPaul & Eckert, 1997;
DuPaul et al., 2012; Harrison, Thompson, & Vannest, 2009; Pyle & Fabiano,
2017; Reid et al., 2014).

The prevalence of SCD studies in research on interventions implemented in
school settings is evident in the meta-analyses conducted by DuPaul and Eckert
(1997) and DuPaul et al. (2012). DuPaul et al. (2012) updated the findings of the
1997 meta-analysis and analyzed school-based interventions evaluated with sin-
gle-case, within-group, and between-group methodology. The authors calculated
the effects of four intervention types: contingency management (e.g., reinforce-
ment, time-out, response cost), cognitive-behavioral (e.g., social skills training,
behavioral education, cognitive training, self-evaluation), academic (e.g., peer-
mediated reading instruction, computer-assisted instruction [CAI]), and combined
(e.g., multimodal, multiple interventions). Across both meta-analyses, the authors
found that 60% to 65% of source studies were SCD.

The results indicated that, when findings from SCD studies were evaluated, all
interventions types were moderately to highly effective at increasing both aca-
demic and behavioral outcomes, with behavioral interventions being less effec-
tive than instructional and self-management. This finding was critical as ADHD
has a large impact on academic performance and the effect was not found in the
prior meta-analysis (i.e., DuPaul & Eckert, 1997) or when interventions were
evaluated through between-subject or within-subject design studies. This differ-
ence was possibly a function of group design focus on changes in group means
and SCD focus on individual differences with sensitivity to changes across time.
These findings are encouraging; however, the authors did not specifically disag-
gregate the results from interventions solely implemented in classrooms or evalu-
ate the methodological rigor and scientific quality of the literature included in the
meta-analysis. Because the quality of the research was not addressed, it is possible
that the meta-analytic results were skewed by findings from source studies with-
out sufficient rigor.

Recent advances to identify evidence-based interventions have led to the
development of standards for evaluating the rigor and transparency of SCD stud-
ies, combining the effects of individual studies, and considering the quality of the
research in evidence-based decision making (Jamshidi et al., 2018; Kratochwill
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et al.,, 2010; Maggin, Pustejovsky, & Johnson, 2017; Shadish, Hedges, &
Pustejovsky, 2014). In addition, although the effects of interventions evaluated
through SCD are typically determined through visual analysis (Brossart, Parker,
Olson, & Mahadevan, 2006; Kazdin, 2011), nonoverlap effect sizes have been
developed and refined to address the unique characteristics of SCD research and
allow for moderator analyses.

Advances in the Quality of SCD Intervention Studies

Advances in SCD quality are outlined in recent appraisal guidelines developed
to guide meta-analysts in the evaluation of the methodological rigor, soundness,
and trustworthiness of the cumulative body of research and the source studies.
According to Jamshidi et al. (2018), the most frequently used protocols are the
Standards for Evidence Based Practice of the Council for Exceptional Children
(CEC, 2014) and the What Works Clearinghouse (WWC) standards of the Institute
of Education Sciences (Kratochwill et al., 2010). Each set of standards includes
similar and unique criteria to (a) evaluate the methodological and design quality
of source studies (i.e., individual studies included in the meta-analysis), (b) ana-
lyze data to determine intervention effectiveness in source studies, and (c) deter-
mine the evidence-based status of an intervention. CEC and WWC standards have
unique criteria, and as a field, we have not agreed on the best standards. Therefore,
in this meta-analysis, we follow the recommendation of Maggin and Chafouleas
(2013) and apply both CEC and WWC criteria to determine the evidence-based
status of the interventions.

Evidence-Based Status of an Intervention

Determining the evidence-based status of interventions is based on moderately
consistent criteria across CEC and WWC protocols, with two specific differences.
Through the application of CEC standards to the available research on specific
interventions as a whole, interventions are deemed evidence based, potentially
evidence based, or with insufficient evidence. Specifically, interventions are
deemed (a) evidence-based if the combined source studies include five method-
ologically sound (described below) SCD studies with positive effects and 20 par-
ticipants across studies, (b) potentially evidence based if the research includes two
to four methodologically sound studies with positive effects, and (c) with insuf-
ficient evidence if fewer than two methodologically sound studies are found.
Utilizing WWC standards, interventions are deemed evidence based if there are
five SCD studies that meet standards with or without reservations, were published
by three different research teams, and included 20 participants. The criteria were
developed through 4 years of study by researchers with expertise in SCD method-
ology with the goal of identifying measurable indicators of quality studies (de
Bruin, Deppeler, Moore, & Diamond, 2013). Although, no explanation is given
for the specific criteria, such as the requirement for 20 participants across studies,
the authors state that the standards are conservative and represent a high number
of replications. Specific differences between the two sets of criteria are found in
the number of options for evidence-based status and the requirement for the num-
ber of research teams. Further differences are found in the criteria for the scien-
tific quality of source studies.
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CEC standards for methodologically sound studies are described as the mini-
mal criteria necessary for quality SCD research and include eight indicators for
methodological and design quality (CEC, 2014). Methodological quality indica-
tors focus on transparent reporting for replication (e.g., adequate description of
context and setting, participants, intervention agents); whereas design quality
indicators focus on controlling for threats to internal validity (e.g., systematically
manipulating the independent variable, measuring fidelity of implementation,
calculating interobserver agreement). In contrast, WWC standards are the gold
standard of SCD methodology. The standards do not include specific criteria for
reporting; however, they do include rigorous design criteria to document experi-
mental control (e.g., systematic manipulation of the independent variable, interob-
server agreement, number of opportunities for effect, number of phases and data
points; Kratochwill et al., 2010). See Table 1 for comparison of the standards.

TABLE 1

Criteria for scientific quality (descriptions)

Indicators/Visual Analysis Features CEC WWC

Methodological quality indicators
Participants Yes No
Setting Yes No
Independent variable Yes Yes
Dependent variable Yes No
Baseline condition Yes No
Intervention agent Yes No
Practice Yes No

Design quality indicators
Experimental control Yes Yes
Number of data points Yes Yes
Interobserver agreement Yes Yes
Treatment fidelity Yes No
Internal validity Yes Yes
Social validity Yes No

Visual analysis
Level Yes Yes
Trend Yes Yes
Overlap Yes Yes
Variability Yes Yes
Immediacy of effects No Yes
Consistency of data in similar phases No Yes

Note. Quality indicator criteria for single-case research were adapted from Maggin, Briesch,
Chafouleas, Ferguson, and Clark (2014), CEC (2014), and Kratochwill et al. (2010). CEC = Council
for Exceptional Children standards; WWC = What Works Clearinghouse standards.
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Visual Analysis

In relation to analysis of the effectiveness of the intervention in source studies,
CEC standards include the criteria that authors report the effects of the interven-
tion on all measures, include a measure of the direction of intervention effects,
and provide clearly graphed outcomes. CEC standards require that studies should
include a graph and the graph should be clear enough for reviewers to use visual
analysis procedures to draw conclusions. In contrast, WWC standards require
strict adherence to visual analysis procedures, including analysis of level, trend,
variability (stability) within phases and level, variability, overlap, immediacy of
effect, and consistency across similar phases on single-case graphs (Kratochwill
et al., 2010).

Effect Size

Recent effect sizes for SCD have been developed and refined. In the meta-
analyses published by DuPaul and Eckert (1997) and DuPaul et al. (2012), the
research teams calculated mean weighted least squares effect sizes (ES) (Busk
& Serlin, 1992) for the included SCD studies. The results indicated overall
large effects for academic (ES = 0.82, 3.48) and behavioral (ES = 1.16, 2.20)
outcomes. However, the calculation of weighted least squares effect sizes
assumes a normal distribution and equality of variances with no intercorrela-
tions across baseline and treatment phases (DuPaul et al., 2012). These assump-
tions can be problematic for SCD short data sets (Parker & Hagan-Burke,
2007). Furthermore, as noted by the authors (DuPaul et al., 2012), the effect
sizes were likely to be influenced by substantial interstudy variability. As such,
nonoverlap effect sizes that address the unique qualities of SCD have been
developed. Reid et al. (2014) calculated the effectiveness of Self-Regulated
Strategy Development (SRSD), an instructional model to teach writing strate-
gies, as the percentage of nonoverlapping data for studies of interventions for
students with ADHD and found moderate to large effects. Pyle and Fabiano
(2017) calculated SCD effect sizes in a meta-analysis of the effects of using
DRC with students with ADHD, including percentage of nonoverlapping data,
percentage of all nonoverlapping data, percentage of Phase B data points
exceeding the median, improvement rate difference, and Tau-U. The authors
found that all were similar and highly correlated, showing improvement in
outcomes. However, in a review of nine nonoverlap improvement indices,
Tau-U has been deemed as one of the most robust effect sizes (Parker, Vannest,
& Davis, 2011). Tau-U is a bottom-up approach designed to explain the impact
of changes at the individual level on the overall effect and has sufficient statis-
tical power to control for nonoverlap between phases and undesirable positive
baseline trend (Parker et al., 2011).

Moderators

In addition to synthesizing the literature, assessing the quality, and quantify-
ing effects, current meta-analysis methodology provides the opportunity to
examine moderators of intervention effects. DuPaul et al. (2012) evaluated pub-
lication type, intervention type, educational placement, and school setting as
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possible moderators of intervention effects for school-based interventions for
students with ADHD. Pyle and Fabiano (2017) evaluated age, gender, diagnos-
tic criteria, level of home—school communication, study quality, and class type
as moderators of the effects of DRC. In the current study, we further explore the
moderating effects of school type (elementary, secondary), classroom setting
(general, special), and outcome (academic, behavioral); and we are the first to
evaluate the differentiating effects of the role of the interventionist (teacher,
researcher) and the use of functional behavioral analysis (FBA) for intervention
selection.

Classroom and School Setting

Children with ADHD are four to five times more likely to have supports and
services provided through special education than their typically developing peers
(Jensen et al., 2007; LeFever, Villers, Morrow, & Vaughn, 2002); however, a
majority of services are provided in general education settings. Both settings have
unique characteristics that might contribute to differential intervention outcomes.
For example, although it is variable across states, the teacher-to-student ratio in
special education settings is smaller and teachers have more flexibility in curricu-
lum, pacing, and grading than in general education settings (Zigmond, 2003).
When evaluating setting as a moderator, DuPaul et al. (2012) found that academic
interventions were more effective when implemented in general education set-
tings than in special education settings and that behavioral interventions were
equally effective in general and special education settings. Furthermore, Pyle and
Fabiano (2017) found that interventions implemented in special education were
more effective; however, the study only included one source study in special edu-
cation. Thus, preliminary evidence is mixed but minimal and potentially suggests
that interventions may be robust against classroom differences; however, further
exploration is needed.

In addition to type of setting, grade level (i.e., elementary, secondary) has been
proposed to moderate intervention effects as both child and school characteristics
are different in elementary and secondary schools. As children grow, hyperactiv-
ity and impulsivity appear to decrease, and inattention remains constant
(Fischer, Barkley, Fletcher, & Smallish, 1993; Hart, Lahey, Loeber, Applegate, &
Frick, 1995). Furthermore, expectations for independent functioning increase. In
secondary settings, students are responsible for initiating and maintaining atten-
tion for extended periods of time, managing time across different settings, and
completing assignments within the expected time frame—all tasks known to chal-
lenge students with ADHD. However, although Pyle and Fabiano (2017) did not
directly evaluate the influence of grade level, they did evaluate age as a moderator
and found no differential effects on outcomes of DRC. In addition, prior meta-
analyses have noted insufficient data to evaluate grade level as a moderator as the
majority of source studies were conducted with children in elementary schools
(e.g., DuPaul et al., 2012).

Interventionist

Many educational studies are conducted with the researcher as the interven-
tionist in schools (e.g., Fuchs & Fuchs, 2001). Questions have been proposed
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regarding the generalizability of research findings when trained experts imple-
ment the intervention with prescribed fidelity. It is frequently noted that inter-
ventions tested with a researcher as the interventionist might not be feasible for
implementation by teachers in schools. Forman, Olin, Hoagwood, Crowe, and
Saka (2009) explored the factors related to the successful implementation and
sustainability of evidence-based interventions by interviewing the developers
of interventions. The interviewees reported that many intervention procedures
had to be modified for effective implementation in schools. Although men-
tioned by DuPaul et al. (2012), no prior research has evaluated the interven-
tionist as a potential moderator in studies of classroom-based interventions for
students with ADHD.

Functional Behavioral Assessment

FBA is the process of collecting data to evaluate the relations between events
in the environment and specific behaviors (Dunlap & Kern, 2018) and is con-
ducted as a first step to developing behavior intervention plans based on the
function of the targeted behavior (Drasgow, Yell, Bradley, & Shriner, 1999). For
more than two decades, SCD studies with researchers conducting the FBA have
found strong effects when interventions were selected based on the identified
function (Crone, Hawken, & Bergstrom, 2007; Dunlap, Kern-Dunlap, Clarke, &
Robbins, 1991). In a SCD literature review of academic interventions for stu-
dents with emotional and behavioral disorders, Vannest, Harrison, Temple-
Harvey, Ramsey, and Parker (2011) found that interventions selected by FBA
had an overall moderate improvement rate difference (Parker, Vannest, &
Brown, 2009). Furthermore, Miller and Lee (2013) conducted a quantitative
synthesis of SCD studies with students with ADHD and found that interventions
selected through FBA were associated with larger effects. It appears that imple-
mentation of FBA leads to the selection of effective interventions; however, the
efficiency of FBA in schools has been questioned (Scott et al., 2004) because of
its resource- and time-intensive procedures (Borgmeier, Horner, & Koegel,
2006). As such, further evaluation of the moderating effects to determine if the
benefits outweigh the resources needed is critical. No prior meta-analysis has
evaluated the use of FBA to select interventions as a moderator of intervention
effectiveness for students with ADHD.

In summary, prior meta-analyses indicate that classroom-based interventions
for students with ADHD are moderately to highly effective; and behavioral inter-
ventions are potentially less effective than instructional and self-management
interventions. However, a majority of studies of classroom-based interventions
for students with ADHD are SCD, and no prior meta-analysis has been conducted
solely with those studies. With the current advances in SCD meta-analysis tech-
niques, an opportunity exists to conduct a rigorous systematic review and meta-
analysis to update prior findings.

Purpose of the Current Study

The purpose of the current systematic review with meta-analysis was to evalu-
ate (a) the types of interventions implemented in classrooms that have been evalu-
ated through SCD research, (b) the scientific quality of individual studies based
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on WWC and CEC standard protocols, (c¢) intervention effectiveness through
visual analysis procedures and nonoverlap effect size calculation, (d) the evi-
dence-based status of interventions implemented in classrooms with students with
ADHD, and (e) moderators of intervention effectiveness. As such, this systematic
review with meta-analysis addresses the following research questions:

1. What types of interventions implemented in classrooms have been evalu-
ated through SCD research, and what is the overall effect of the types of
interventions identified?

2. What are the overall effects of the types of interventions implemented in
classroom settings with students with ADHD and the effect for each type
of intervention?

3. What is the scientific quality and evidence-based status of each type of
intervention?

4. Do grade level, class setting, type of interventionist, use of FBA to select
interventions, and/or outcome moderate the overall effects and/or effects
of different types of interventions implemented in classroom settings?

Method

This study was conducted in three phases: systematic literature review, coding,
and data analysis. The following methods are organized accordingly.

Phase 1: Systematic Literature Review

Inclusion/Exclusion Criteria

Studies were included and excluded based on the following predefined criteria
(see Appendix A in the online version of the journal): (a) study characteristics
(year, location, language, location, setting), (b) participant characteristics (age,
diagnosis, psychotropic medication), (c) setting characteristics (grade, setting),
and (d) design characteristics.

Study characteristics. First, studies were included that were published
between the years 1971 and 2018 in the United States. We selected the years
1971 and 2018 as delimiters to be inclusive of and update the prior school-
based intervention meta-analyses by DuPaul and Eckert (1997) and DuPaul
et al. (2012) utilizing current SCD meta-analytic strategies. In addition, we
included studies published in English and conducted in the United States at or
around the time of the enactment of Section 504 of the Rehabilitation Act of
1973—which prohibits discrimination against individuals with disabilities by
programs, such as public schools, that receive federal funding—and the Educa-
tion for All Handicapped Children Act, 1975 (Guernsey, 1989). The latter act
guaranteed all children with disabilities the right to a free, appropriate public
education and was reauthorized in 2004 as the Individuals with Disabilities
Education Improvement Act (2004). Prior to the passage of these mandates,
many children with disabilities in the United States were excluded from public
schools, either placed in institutions or cared for by parents (Martin, Martin, &
Terman, 1996). As such, the landscape for classroom-based interventions was
quite different after the passage of these mandates.
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In addition, we excluded studies that were without peer review as studies sub-
jected to the peer review process had been filtered for quality to maintain research
standards, scientific merit, and validity (Voight & Hoogenboom, 2012). For
example, we excluded dissertations and theses (e.g., Ahmed, 2015) and white
papers (e.g., Zwi, Jones, Thorgaard, York, & Dennis, 2011) and government
reports (e.g., U.S. Department of Education, 2008). However, we assessed for
publication bias statistically to account for the potential of studies not published
because of lack of evidence of positive outcomes (Shadish, Hedges, Horner, &
Odom, 2015; see the section “Publication Bias”).

Participant characteristics. Studies were included when the participants iden-
tified by the source study authors had been diagnosed with ADHD. If studies
included participants with and without ADHD, data from only the participants
with ADHD were included. For example, Cramer and Mason (2014) included a
total of eight participants with emotional and behavioral disorders; however, only
three had been diagnosed with ADHD, so outcomes for these three participants
were included in the analyses in the current study. Finally, studies were excluded
that did not include graphs that were clear enough for the data points to be digi-
tally aligned with a point on the horizontal x-axis and vertical y-axis for extraction
(Shadish et al., 2009).

Setting characteristics. In addition, we included studies with students in elemen-
tary and secondary schools (K—12). We limited the studies to those with partici-
pants in kindergarten through 12th-grade classrooms as the focus of the study
was interventions to be implemented in classroom settings. Studies implemented
in settings other than classrooms were not included. For example, studies con-
ducted in after-school programs (e.g., Challenging Horizons Program-—A fter
School; Evans, Serpell, Schultz, & Pastor, 2007) or summer treatment programs
(e.g., STP; Hart, Massetti, Fabiano, Pariseau, & Pelham, 2011) were not included
as these settings attempt to mimic classrooms settings; however, they have the
potential to have more experimental control than that found in classrooms.

Design characteristics. We included studies that were conducted with
SCD methodology. We elected to include only SCD studies for the follow-
ing reasons. First, the purpose of the study was to evaluate the effects of
interventions implemented in classrooms, which are typically stand-alone
and commonly evaluated through SCD, as opposed to multimodal inter-
ventions, which are often implemented in multiple settings by various pro-
fessionals and are typically evaluated through within- and between-group
design studies (DuPaul et al., 2012; Pyle & Fabiano, 2017). For example,
we excluded a study (Evans et al., 2007) in which researchers evaluated
the effects of a multimodal intervention, Challenging Horizons Program-—
Consultation, through a group design study. This program includes multiple
interventions implemented by mentors, teachers, counselors, and paraprofes-
sionals potentially in different environments throughout the academic day.
Second, SCD is sensitive to individual differences across time demonstrated by
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students with ADHD, whose behavior is known to be variable (Barlow et al.,
2009; Horner et al., 2005; Kazdin, 2011), as opposed to group designs, which
are less sensitive to individual differences (Byiers et al., 2012). Finally, recent
advances in SCD research methodology have provided the tools necessary for
a quality SCD systematic review with meta-analysis.

Systematic Search and Study Selection

Electronic database searches were completed through the following proce-
dures. First, we followed the electronic search methods discussed by Cooper and
Hedges (1994). We searched the EBSCOhost, PsycINFO, and Education Resource
Information Center databases. The following keywords, Boolean strings, and
truncated words were used in the search: ADHD*, interventions*, attention deficit
hyperactivity disorder*, accommodations*, strategies*, school-based treatment¥,
classroom-based*, classroom*, classroom accommodations*, school-based inter-
vention*, test accommodations®, behavior management¥*, instruction®, teacher
training*, and non-pharmacological interventions/treatments*.

We conducted historical searches of the reference lists of all the resulting
screened articles and identified meta-analyses, and the process was repeated to
include studies with the potential to meet the inclusion criteria. Eight meta-analyses
and literature reviews were identified: (a) one systematic review of meta-analyses
of psychosocial treatment (Fabiano, Schatz, Aloe, Chacko, & Chronis-Tuscano,
2015), (b) two systematic literature reviews of group design studies of psychosocial
treatments (Evans et al., 2017; Purdie, Hattie, & Carroll, 2002), (c) one group meta-
analysis of behavior parent training (Lee, Niew, Yang, Chen, & Lin, 2012), (d) two
SCD meta-analyses of the effects of self-management (Briesch & Briesch, 2016)
and DRC (Pyle & Fabiano, 2017), and (e) two meta-analyses that reported an over-
all effect of between-subject, within-subject, and SCD studies of school-based inter-
ventions (DuPaul & Eckert, 1997; DuPaul et al., 2012). Each author searched
independently, and simple agreement between the two was calculated at 95%.

Phase 2: Coding

Data from the source studies were coded to identify intervention characteris-
tics, indicators of scientific quality, and moderator variables, as described in the
following sections (see Appendix A in the online version of the journal).

Intervention Characteristics

We coded intervention characteristics by listing the names of the interventions
as reported by the source authors (e.g., Self-Regulated Strategy Development) on
the coding document. Next, we listed the source authors’ definition and descrip-
tion of the intervention and intervention components.

Indicators of Scientific Quality

We coded the data needed to determine the scientific quality of the source studies
through the application of two sets of standards, the WWC design standards and the
CEC standards for evidence-based practices in special education. See Appendices B
and C for decision guides for the WWC and CEC standards, respectively (available
in the online version of the journal). The first author conducted coding training for
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each set of criteria with all the coauthors. Specifically, the author reviewed the codes
and the raters identified one example and one nonexample of each coding variable.
If codes were not clearly defined, the team deliberated until clarity was achieved
with 100% agreement. Independent coding began when simple agreement was
above 80% (Hartmann, Barrios, & Wood, 2004).

Coding was conducted through three sets of procedures. First, two raters
simultaneously coded 100% of the articles for the WWC design quality indicators
following the procedures described by Maggin, Briesch, and Chafouleas (2013).
Using the WWC standards, studies were deemed to have met the standards, met
the standards with reservations, or not met the standards. Studies that met the
criteria included at least three opportunities to demonstrate effects with 5 or more
data points per phase and reported interobserver agreement. Studies that met the
standards with reservations included at least three opportunities to demonstrate
effects with at least 3 data points per phase for reversal or multiple baseline
designs and 4 for multi-element designs. Simultaneous/multiple probe designs
were coded as their underlying design. Studies that did not meet the WWC stan-
dards with or without reservations were excluded from the study and were not
further coded.

Second, two raters independently coded the remaining articles of the studies
using the CEC standards of 22 components under eight quality indicators dichoto-
mously as present or not present. Two raters coded 20% for reliability. Interrater
reliability was calculated as 96% across all variables. Coding was completed
simultaneously to allow for discussion when questions arose. When disagreement
arose, discussion continued until 100% consensus was reached for all codes.
Third, the authors assigned CEC design ratings to each outcome from each source
study. Using CEC (2014) standards, studies were deemed methodologically sound
if they met all the eight indicators.

Moderators

We dichotomously coded the moderator variables by listing the information
reported by the source study authors in the categories of (a) type of school/grade
level—elementary (K—5) or secondary (6—12); (b) setting—general or special
education; (c) interventionist—teacher, researcher, or both; (d) use of FBA—yes
or no; and (e) outcome—academic (e.g., task accuracy, task completion, essay
length) or behavioral (e.g., disruptions, on task, off task).

Phase 3: Data Analysis

Publication Bias

We used the Eggers test (Egger, Smith, Schneider, & Minder, 1997) to deter-
mine publication bias in the final set of selected studies (i.e., the tendency of stud-
ies with null effects to not be published; Rosenthal & DiMatteo, 2001). The
Egger’s test evaluates Y intercept = 0 using linear regression of the effect against
precision.

Intervention Categorization

As a team, we iteratively categorized the interventions into types. Iterative
categorization involved four processes. First two authors identified significant
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stand-alone heuristic information (e.g., theoretical orientation, procedures) and
grouped like interventions into categories (Erlandson, Harris, Skipper, & Allen,
1993; Lincoln & Guba, 1985). Second, the authors developed a definition of the
interventions the team grouped together and compared the categories with the
types of interventions established in prior meta-analyses. Third, the author team
identified agreement and disagreement between prior categories and categories
established in the current literature review with meta-analysis and prior meta-
analysis (e.g., DuPaul et al., 2012; Evans et al., 2017). Fourth, the team devel-
oped and reached consensus definitions and labels for each category (i.c.,
behavioral, instructional, self-management, environmental). When disagree-
ment between team members occurred, discourse continued until a consensus
definition was established.

Evidence-Based Status and Scientific Quality

We evaluated the evidence-based status of each intervention type according to
the WWC and CEC criteria through the following procedures. The authors
deemed the intervention type to have met the WWC design standards with or
without reservations based on the number of articles, research groups, and num-
ber of participants. Following the procedures of Maggin et al. (2013), studies
without author overlap were coded as independent-author teams. Studies were
coded as evidence based on WWC if five papers were included from at least three
unique research teams and with 20 participants. The authors coded the interven-
tion type to have achieved evidence-based status using the CEC standards if the
studies included five methodologically sound studies and potentially evidence
based if the studies included two to four methodologically sound studies.

Visual Analysis

We visually analyzed data from each outcome to determine whether a func-
tional relation existed between the independent and dependent variables based on
the procedures described in the WWC protocol (Kratochwill et al., 2010). The
first and second authors visually analyzed the data following the procedures rec-
ommended by Kratochwill et al., (2010) with additional guidance from Lane and
Gast (2014). We analyzed SCD data by visually inspecting (a) baseline level, vari-
ability, and trend; (b) within-phase data points, variability, and trend; (c) between-
phase overlap, level, and immediacy of effect; (d) consistency of the data across
phases; and (e) opportunities to demonstrate treatment effect and ratio of effects
to noneffects. We coded the evidence for each study outcome per the WWC stan-
dards as strong if the study provided three demonstrations of effect with no
instances of noneffects, moderate if the study provided three demonstrations of
effect with one demonstration of noneffect, and no evidence if the study did not
provide three demonstrations of effect.

Effect Size and Confidence Intervals

To calculate Tau-U effects, raw data were extracted from graphs in the included
studies (i.e., by digitizing the graphs) using Getdata Graph Digitizer (Version 2.21)
from http://www.getdata-graph-digitizer.com/download.php, and five procedures
were used to calculate the overall effect and the effect for each intervention type
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(i.e., behavioral, instructional, self-management, environmental). First, we calcu-
lated the effect size between the baseline and adjacent intervention phase(s) for all
individual cases in each source study by using an online calculator (Vannest,
Parker, Gonen, & Adiguzel, 2016; http://www.singlecaseresearch.org). Second, we
combined the individual effect size for each outcome in the source studies using
the Tau-U calculator. The calculator calculates Tau-U by merging trend and non-
overlap data (see Parker et al., 2011). Fourth, we combined individual effect sizes
into an omnibus overall effect size (Abramson, 2011) with 95% confidence inter-
vals (CI) using WinPEPI (Abramson, 2011), a statistical program. Fifth, overall
effect sizes were calculated to represent the effect for (a) all interventions on all
outcomes, and (b) each type of intervention (i.e., behavioral, instructional, self-
management, environmental) on all outcomes. The algorithm for WinPEPI to cal-
culate the overall effect size is the weighted average of all individual effect sizes,
with weights equaling the inverse of the variance (i.e., not standard error [SE]).
Finally, although we acknowledge that categorization of effect size quantity
depends on the context of the effects being measured (Vannest & Ninci, 2015), we
elected to use the following codes for comparison across studies and intervention
types. Therefore, we coded Tau-U effects as weak (0—0.20), moderate (0.20-0.60),
and strong (0.60—1.00) (Vannest & Ninci, 2015).

Moderator Analyses

We coded moderator data for grade level (elementary, secondary), setting (gen-
eral education, special education), interventionist (teacher, researcher), FBA (yes
or no), and outcome (academic, behavior). Following the procedures of Soares,
Harrison, Vannest, and McClelland (2016), Bowman-Perrot, Burke, Zhang, and
Zaini (2014), and Briesch and Briesch (2016), we analyzed moderator effects by
dichotomously coding the moderator variables within the studies and examining
statistically significant differences between the effect sizes (Tau-U) of studies
within each category.

We calculated the reliable difference (i.e., difference that cannot be accounted
for solely by chance) for each moderator pair overall and within each type of
intervention to determine if the differences were statistically significant, using the
following formula: (L, — L2)/\/[(SETau12) + (SE,,2%)], where L, is the first level
of the moderator (e.g., academic outcome) and L, is the second level of the mod-
erator (e.g., behavioral outcome).

Results
Publication Bias

The intercept for Egger’s test (—0.052; Clggo, [-1.51, 0.47]; p = .501) indicated
that statistically significant publication bias was not found in this sample.
Heterogeneity was measured using A and /, (Higgins & Thompson, 2002), where
H = 1.8 (Clys, [1.5,2.1]) and I, = 68.8% (Clys0, [57.8%, 76.6%]), indicating less
than notable heterogeneity in the sample (Abramson, 2011).

Literature Review and Study Selection

During the systematic literature review, the initial search yielded a high num-
ber of results (n = 6,064). Following the initial search, hand searches were
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FIGURE 1. PRISMA flow diagram.
Note. WWC = What Works Clearinghouse.

conducted of previous meta-analyses and literature reviews, which resulted in the
addition of 300 additional studies, totaling 6,364 articles. Next, article titles and
abstracts were screened, and duplicates were removed, resulting in 5,257 articles
for article screening review (see Figure 1; Moher, Liberati, Tetzlaff, Altman, &
The PRISMA Group, 2009). After studies were excluded during the screening
phase, 185 articles remained for full coding (see Appendix D in the online version
of the journal).

Finally, we excluded 140 studies for the following reasons. Studies were
excluded for their design (n = 86), having a setting other than schools (n = 28),
not being intervention studies (n = 14), having participants not diagnosed with
having ADHD or not enrolled in K—12 classrooms (# = 6), not having been con-
ducted in the United States (n = 2), evaluating the effectiveness of psychotropic

583



Total Number of Cases for WWC
Evaluation (n = 68)

Design Evaluation

Meets Design Meets Design Standards Does Not Meet Design
Standards with Reservations Standards
n=17) (n=32) (n=19)

Conduct Visual Analysis
(n = 49)

Strong Evidence Moderate Evidence Weak Evidence
(n=17) (n=31) (n=11)

FIGURE 2. What Works Clearinghouse flowchart.
Note. All the numbers are based on cases. WWC = What Works Clearinghouse.

medication (n = 2), or having a graph that was not sufficiently clear for data
extraction (n = 1) or not including a graph (n = 2). After excluding these studies,
the literature search resulted in 45 SCD. During the collection of articles, reliabil-
ity checks were conducted and reliability was assessed using simple percentage of
agreement (sum of agreements/total number of agreements + disagreements X
100] (House, House, & Campbell, 1981). Initial agreement was 96%.

Forty-five studies with 68 cases met the inclusion criteria (see Figure 2).
Eighteen studies with 19 cases did not meet the WWC standards and were
excluded from further coding, resulting in 27 studies with 49 cases (i.e., total
outcomes), 78 participants, and 199 phase contrasts. Seven studies evaluated
behavioral strategies and included 11 cases, 10 studies evaluated the effects of
self-management and included 16 cases, 9 studies evaluated the effects of instruc-
tional interventions and included 21 cases, and 1 study evaluated the effect of
environmental interventions and produced one case. Eighteen studies with 32
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cases were implemented in general education, and 8 studies with 17 cases were
implemented in special education classrooms. Fifteen studies with 26 cases
included children in elementary schools, and 12 studies with 23 cases included
adolescents in secondary schools. Nine studies with 20 cases included the class-
room teacher as the interventionist, and 18 with 29 cases included the researcher
as the interventionist. Five studies with 5 cases included FBA, and 22 studies with
44 cases did not. Eighteen studies with 32 cases measured behavior performance
(e.g., disruptive, talking out, not in seat), and 9 studies with 17 cases measured
academic behavior (e.g., on task, task accuracy, task completion, engagement).

Intervention Categorization

Four intervention types were identified; behavioral, instructional, self-man-
agement, and environmental. Behavioral interventions included interventions
designed to change behavior by adapting contingencies. Studies included in the
instructional category were designed to teach a skill. Studies included in the self-
management utilized to teach students to observe, document, and self-regulate
behavior. Studies were included in the environmental category if the intervention
was an antecedent intervention developed to adapt the environment.

Overall Effects

An omnibus Tau-U was calculated for 199 phase contrasts and combined
across participants and same outcomes (i.c., cases) for a Tau-U of 0.87 (SE =
0.02, Clysy, [0.84, 0.90]). Table 2 illustrates the range of effect sizes and 95%
confidence interval for each case. For purposes of comparison, we qualify effects
below 0.20 as a small change in the dependent variable, from 0.21 to 0.59 as a
moderate change, 0.60 and above as a large change (Vannest & Ninci, 2015).
Findings per intervention type follow.

Findings by Intervention Type

Results are reported below by intervention type. For each type, we provide the
number of studies, independent research teams, number of cases, and total num-
ber of participants, followed by a list of interventions in the category. Next, we
provide the scientific quality of the source studies and the evidence-based status
of the type of intervention (see Table 3). With regard to evidence-based status per
WWC, standards are reported by case, as each case (i.e., outcome in the study) in
the study could potentially be qualified differently. For CEC standards, we report
the results by study, as then standards include measures of author reporting
throughout the manuscript. Finally, we report the effect size (see Table 4 for all
intervention type effects) and the results of visual and moderator analyses (see
Table 5). Figure 3 is a forest plot that represents a comparison of the overall effect,
intervention type effects, and moderator effects.

Behavioral

The behavioral category included seven studies conducted by six independent
research teams with 11 cases and a total of 13 participants in strategies that
adapted contingencies. The studies evaluated the effects of (a) response cost con-
tingencies through an attention training system (ATS) with and without direct
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TABLE 3
Evidence-based status of intervention types

CEC meth-
odologi-
Partic- Research cally sound WWC
Intervention type  ipants teams  studies () MS/MSR CECEB WWC EB
Behavioral 17 6 4 7 Potentially EB  Did not meet
Instructional 25 6 3 9 Potentially EB Met
Self-Management 35 8 3 10 Potentially EB Met
Environmental 1 1 0 1 Insufficient Did not meet
evidence

Note. WWC = What Works Clearinghouse; CEC = Council for Exceptional Children; MS =
meets standards; MSR = meets standards with reservations; EB = evidence based; SCD = single-
case design. To determine EB status, WWC requires a minimum of five SCD papers that meet
evidence standards/meet evidence standards with reservations, three unique research teams, and
20 participants. CEC EB practice requires five methodologically sound SCD studies with positive
effects and 20 participants, and potentially EB requires two to four methodologically sound SCD
studies with positive effects.

TABLE 4
Combined Tau-U effect sizes for each intervention type

Intervention type  Studies (1) Demo of effects* ES (n) Tau-U SE 95% CI

Behavioral 7 27 11 0.67 0.04 [0.59,0.74]
Instructional 9 92 21 0.87 0.03 [0.82,0.92]
Self-management 10 77 16 0.93 0.02 [0.88,0.97]
Environmental 1 3 1 0.97 0.03 [0.32,1.00]
Overall 27 199 49 0.87 0.02 [0.84,0.90]

Note. ES = effect size; SE = standard error; CI = confidence interval.
a. Demo = number of demonstrations of effect; number of phase contrasts.

rehearsal (DuPaul & Eckert, 1997) and contingent/behavioral interventions
selected through FBA (Germer et al., 2011; Majeika et al., 2011; Whitford et al.,
2013) on on-task behavior; (b) noncontingent reinforcement selected through
FBA (Banda & Sokolosky, 2012; Nolan & Filter, 2012) and peer tutoring with
contingency management on problem behaviors; and (c) response cost contingen-
cies through attention training with and without direct rehearsal (DuPaul &
Eckert, 1997) on ADHD symptoms.

Intervention evidence-based status and source study scientific quality. The
behavioral interventions did not meet the WWC evidence-based standards and
were potentially evidence based according to the CEC standards. Six cases
met the WWC design standards, five met the WWC design standards with
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FIGURE 3. Forest plot of overall, intervention type, and moderator effects.

Note. Elem. = elementary; Sec. = secondary; Gen. Ed. = general education; Sp. Ed. = special
education; Tch. = teacher; Res. = researcher; Acad. = academic; Beh. = behavioral; Inst. =
instructional; SM = self-monitoring; FBA = functional behavior analysis.
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reservations, and four were considered methodologically sound according to

the CEC standards.

Visual analysis and effect size. Visual analysis was conducted, and Tau-U was
calculated with the 11 cases. According to the visual analysis, 2 had strong
evidence, 3 had moderate evidence, and 6 had weak evidence. The weighted
mean effect size for the behavioral overall Tau-U was 0.67 (SE = 0.04, Clys,

[0.59, 0.74]).
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Moderators. For grade level, two studies with two cases were conducted in sec-
ondary schools, and five studies with nine cases were conducted in elementary
schools. The results indicated that the studies in elementary schools had a lower
Tau-U = 0.53 (SE = 0.05, Clys,, [0.44, 0.63]) than those in secondary schools,
Tau-U = 1.00 (SE = 0.08, Clys, [0.85, 1.00]). When the two categories were
compared for parameter estimates, the overlapping confidence intervals indicated
that there was a statistically significant difference, which was confirmed by the
reliable difference: z = 4.98, p < .01. For setting, moderator analysis was not
conducted as no studies were implemented in special education self-contained
settings.

With regard to the interventionist, interventions in six studies with seven cases
were implemented by the researcher, and one study with four cases was imple-
mented by the teacher. The results indicated that studies with the teacher as the
interventionist had a lower Tau-U = 0.34 (SE = 0.07, Clys, [0.20, 0.47]) than
those with the researcher, Tau-U = 0.68 (SE = 0.04, Clys, [0.60, 0.76]). When
the two categories were compared for parameter estimates, the overlapping confi-
dence intervals indicated that there was a statistically significant difference, which
was confirmed by the reliable difference: z = 4.22, p < .01.

For FBA, interventions in two studies with six cases were selected without
FBA, and interventions in five studies with five cases were selected through FBA.
The results indicated that the effects of the interventions selected without FBA
were lower, with Tau-U = 0.32 (SE = 0.06, Clys,, [0.21, 0.38]), than the effects
of the interventions selected with FBA, Tau-U = 0.99 (SE = 0.06, Clys,, [0.88,
1.00]). When the two categories were compared for parameter estimates, the over-
lapping confidence intervals indicated that there was a statistically significant dif-
ference, which was confirmed by the values from the reliable difference formula:
z = =7.90, p < .01. For outcome, no moderator analysis was conducted as no
studies measured academic outcomes.

Instructional

The instructional category included nine studies conducted by six independent
research teams with 21 cases and 34 participants of strategies designed to teach a
skill. The studies measured the effects of (a) the use of CAI (Mautone et al., 2005;
Ota & DuPaul, 2002) on task engagement/on- and off-task behavior; (b) video
modeling (Woltersdorf, 1992) on problem behavior (i.e., fidgeting, being dis-
tracted, and vocalizations); (¢) SRSD (Cramer & Mason, 2014; Jacobson & Reid,
2010; Johnson et al., 2012; Lienemann & Reid, 2008) on qualities of writing tasks
(i.e., primary traits, quality, number of words, essay length, supporting details,
essay elements); and (d) the use of flash cards (Brasch et al., 2008) and cover—copy—
compare (CCC; Moser et al., 2012) on task accuracy.

Intervention evidence-based status and source study scientific quality. Instruc-
tional interventions met the WWC evidence standards and were considered
potentially evidenced based according to the CEC standards. Three cases met
the design standards without reservations (WWC), 18 met the design standards
with reservations (WWC), and 3 studies were considered methodologically
sound (CEC).
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Visual analysis and effect size. Tau-U and visual analysis were conducted with
21 cases. According to the visual analysis, no cases had strong evidence, 18 had
moderate evidence, and 3 had weak evidence. The weighted mean effect size for
the instructional overall Tau-U was 0.87 (SE = 0.03, Clys, [0.82, 0.92]).

Moderators. For grade level, four studies with 9 cases were conducted in second-
ary schools, and five studies with 12 cases were conducted in elementary schools.
The results indicated that interventions in elementary settings had a lower Tau-U
= 0.84 (SE = 0.03, Clys, [0.77, 0.90]) than those in secondary settings, Tau-U
= 0.91 (SE = 0.04, Clys,, [0.84, 0.99]). When the two categories were compared
for parameter estimates, the overlapping confidence intervals indicated no statisti-
cally significant difference, which was confirmed by the reliable difference: z =
1.40, p > .05.

For setting, four studies with 10 cases were implemented in general education
settings, and five studies with 11 cases were implemented in special education
self-contained settings. The results indicated that interventions in general educa-
tion had a lower Tau-U = 0.83 (SE = 0.04, Cl,;,, [0.75, 0.90]) than those in spe-
cial education, Tau-U = 0.95 (SE = 0.03, Clgso, [0.88, 1.00]). When the two
categories were compared for parameter estimates, the overlapping confidence
intervals indicated that there was a statistically significant difference, which was
confirmed by the reliable difference: z = —2.40, p < .01.

With regard to the interventionist, five studies with 12 cases were implemented
by teachers and four studies with 9 cases by researchers. The results indicated that
the interventions implemented by teachers had a lower Tau-U = 0.87 (SE = 0.03,
Clyso, [0.80, 0.93]) than those implemented by researchers, Tau-U = 0.95 (SE =
0.04, Clys, [0.88, 1.00]). When the two categories were compared for parameter
estimates, the overlapping confidence intervals indicated that there was no statis-
tically significant difference, which was confirmed by the reliable difference: z =
—1.60, p > .05. For FBA, no moderator analysis was conducted as no studies were
conducted with FBA.

For outcome, six studies with 8 cases reported behavior outcomes, and three
studies with 13 cases reported academic outcomes. The results indicated that the
interventions with behavioral outcomes had a lower Tau-U = 0.77 (SE = 0.04,
Clys., [0.69, 0.85]) than the interventions with academic outcomes, Tau-U = 0.93
(SE = 0.04, Clys, [0.86, 0.99]). When the two categories were compared for
parameter estimates, the overlapping confidence intervals indicated that there was
a statistically significant difference, which was confirmed by the reliable differ-
ence: z = —3.20, p < .05.

Self~-Management

The self-management category included 10 studies with eight independent
research teams with 16 cases and 35 participants in strategies designed to teach
students to observe, document, and self-regulate behavior. The studies evaluated
the effects of (a) self-monitoring (Graham-Day et al., 2010; Harris et al., 2005;
Shimabukuro et al., 1999) and technology-based self-monitoring (Wills & Mason,
2014) on on-task behavior; (b) self-management/peer monitoring (Davies & Witt,
2000), classwide self-management (Hoff & Ervin, 2013), and technology-based
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self-management (Wills & Mason, 2014) on problem behavior (i.c., disruptions,
verbalizations); (c) self-monitoring (Harris et al., 2005; Mathes & Bender, 1997,
Shimabukuro et al., 1999) and tactile-cued self-monitoring (Morrison et al., 2014)
on task quality (productivity, task accuracy, and completion); and (d) self-
management (Gureasko-Moore et al., 2006, 2007) on classroom preparation and
homework behavior.

Intervention evidence-based status and source study scientific quality. Self-man-
agement strategies met the WWC evidence-based standards and were considered
to be potentially evidenced by the CEC standards. Seven cases met the design
standards (WWC), nine met the design standards with reservations (WWC), and
three studies were deemed methodologically sound (CEC).

Visual analysis and effect size. Tau-U and visual analysis were conducted with
16 cases. According to the visual analysis, 5 cases had strong evidence, 10 had
moderate evidence, and 1 had weak evidence. The weighted mean effect size for
the self-management overall Tau-U was 0.93 (SE = 0.02, Clys,, [0.88, 0.97]).

Moderators. For grade level, six studies with 12 cases were implemented in sec-
ondary settings, and four studies with 4 cases were implemented in elementary
settings. The results indicated that the studies conducted in secondary and ele-
mentary settings had fairly equivalent effects, Tau-U = 0.93 (SE = 0.03, Clys,
[0.87, 0.98]) and Tau-U = 0.92 (SE = 0.04, Clys, [0.83, 1.00]), respectively.
When the two categories were compared for parameter estimates, the overlapping
confidence intervals indicated that there was no statistically significant differ-
ence, which was confirmed by the reliable difference: z = 0.20, p > .05.

For setting, seven studies with 10 cases were conducted in general education,
and three studies with 6 cases were conducted in special education settings. The
results indicated that general education and special education had fairly equiva-
lent effects, Tau-U = 0.92 (SE = 0.03, Clys, [0.85, 0.98]) and Tau-U = 0.93
(SE = 0.03, Clgs, [0.87, 1.0]), respectively. When the two categories were com-
pared for parameter estimates, the overlapping confidence intervals indicated no
statistically significant difference, which was confirmed by the reliable differ-
ence: z = —0.24, p > .05.

For the interventionist, seven studies with 10 cases were implemented by
researchers, and three studies with 6 cases were implemented by teachers. The
results indicated that studies with researchers as the interventionist had a slightly
lower Tau-U = 0.91 (SE = 0.03, Clys, [0.85, 0.97]) than those with teachers,
Tau-U = 0.94 (SE = 0.03, Clys, [0.87, 1.00]). When the two categories were
compared for parameter estimates, the overlapping confidence intervals indicated
that there was no statistically significant difference, which was confirmed by the
reliable difference: z = —0.71, p > .05. For FBA, moderator analysis could not be
conducted as no cases were conducted with FBA.

For outcome, seven studies with 12 cases reported behavioral outcomes, and
three studies with 4 cases reported academic outcomes. The results indicated that
studies with behavioral and academic outcomes had fairly equivalent effects,
Tau-U = 0.92 (SE = 0.03, Clys, [0.87, 0.98]) and Tau-U = 0.93 (SE = 0.04,
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Clys,, [0.85, 1.00]), respectively. When the two categories were compared for
parameter estimates, the overlapping confidence intervals indicated that there was
no statistically significant difference, which was confirmed by the reliable differ-
ence: z = —0.20, p > .05.

Environmental

The environmental category included one study (Cook et al., 2015) with one
participant. The study evaluated the effects of a strategy that adapted the environ-
ment by playing background white noise on inappropriate verbalizations.
Moderator analyses were not conducted as only one study was included.

Intervention evidence-based status and source study scientific quality. Environ-
mental interventions did not meet the WWC evidence-based standards and had
insufficient evidence to be considered methodologically sound (CEC).

Visual analysis and effect size. Visual analysis and Tau-U were conducted with
one case. According to the visual analysis, this study had weak evidence. The
weighted mean effect size for the environmental overall Tau-U was 0.97 (SE =
0.03, Clysy, [0.32, 1.00]).

Discussion

The current systematic review with meta-analysis updated prior findings and
contributed new information to the field from the SCD literature evaluating class-
room-based interventions. The results revealed four intervention types (i.e.,
behavioral, instructional, self-management, and environmental) implemented in
K—12 classroom settings with students with ADHD that, overall, produced a mod-
erate effect on behavior and academic performance. Within the context of SCD
studies, instructional and self-management interventions yielded large effects and
were designated as evidence based by the WWC standards and potentially evi-
dence based by the CEC standards. The behavioral interventions were moderately
effective, did not meet the evidence per the WWC standards, and were potentially
evidence based by the CEC standards. In the following discussion, we situate the
findings from the current SCD systematic review with meta-analysis within the
context of the extant literature that included reviews and meta-analyses that
explored findings from SCD and group studies. As such, we encourage readers to
consider all the available findings with the understanding that prior meta-analyses
have found that SCD studies produced larger effects than group design (DuPaul
et al., 2012).

Intervention Types

The intervention categories revealed in the current study are not new; however,
changes and advances are evident across the decades. Most noteworthy, an
increase in the strategies, the number of studies that evaluated the effectiveness of
instructional interventions, and the content areas covered, even with the elimina-
tion of less than quality studies, is evident. DuPaul and Eckert (1997) identified
one study of peer tutoring with mathematics content and one of peer-mediated
reading instruction. Fifteen years later, DuPaul et al. (2012) identified three
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studies of CAI and mathematics instruction and one of SRSD writing instruction
(Jacobson & Reid, 2010). In the current meta-analysis, including two overlapping
studies with DuPaul et al., we identified nine studies of the effects of four inter-
ventions (CAI, CCC, SRSD, and video modeling) that were utilized to address
behavior and academic performance during reading, mathematics, spelling, and
writing instruction. Interestingly, four of the studies conducted between the years
2008 and 2014 evaluated the use of SRSD. The requirement to maintain and shift
attention for writing tasks is difficult for students with ADHD; however, this is a
content area that was not substantially targeted with intervention prior to 2008.
This increase in academic interventions targeting multiple content areas across
the years is important as targeted intervention to address the academic impairment
associated with ADHD is likely to positively affect the known negative long- and
short-term outcomes for individuals with ADHD (e.g., grade retention, failing
grades, leaving school prior to graduation).

In contrast to instructional interventions, teaching students with ADHD to self-
regulate behavior has been a common theme in the group and SCD intervention
research across the years (e.g., Barkley, Copeland, & Sivage, 1980; Varni &
Henker, 1979). Prior meta-analyses have identified an overarching theme of cog-
nitive-behavioral strategies to teach skills needed for self-regulation, including
self-management and other strategies. For example, DuPaul and Eckert (1997)
and DuPaul et al. (2012) identified studies of self-evaluation procedures, cogni-
tive training, and self-regulation. However, in the current meta-analysis, we iden-
tified studies that specifically evaluated the effects of self-monitoring or
self-management in classroom settings. The difference in findings between prior
meta-analyses and the current one might be attributed to the inclusion of only
SCD studies or the focus on strategies that can be implemented in classroom set-
tings. However, the concentrated focus on self-management strategies is likely
associated with an increased focus on teaching students with ADHD the skills
needed for independent functioning (see Evans, Owens, Mautone, DuPaul, &
Power, 2014; Harrison, Bunford, Evans, & Owens, 2013). ADHD researchers are
encouraging the development and evaluation of strategies to teach the skills
needed to independently self-regulate behavior and successfully navigate not only
the school environment and expectations but also the expectations of future set-
tings that are imperative to individual success.

The effectiveness of behavioral interventions has been studied for years and
was a focus of the largest randomized controlled trial to evaluate strategies for
students with ADHD (Jensen et al., 2001). Consistent findings have demonstrated
positive short-term outcomes when using behavioral strategies with youth with
ADHD. As such, all meta-analyses to date have included behavioral strategies
(e.g., response cost, contingent and positive reinforcement); however, no prior
meta-analysis has evaluated the effectiveness of behavioral strategies specifically
selected through FBA. When students receiving special education services dem-
onstrate behaviors that interfere with academic performance, schools are man-
dated to conduct FBA to select interventions to include in behavioral intervention
plans. Students with ADHD are known to engage in behaviors for teacher and
peer attention and to avoid or escape classroom demands (DuPaul & Weyandt,
2006). This was confirmed within the five studies in the current meta-analysis that
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included strategy selection through FBA. Specifically, strategies were selected to
address disruptive (e.g., talking out) and off-task behaviors with the functions of
attention and escape. Strategies selected when the function of the behavior identi-
fied through FBA was to gain attention included noncontingent attention/rein-
forcement and behavior-specific praise. When the function identified was escape,
strategies implemented included allowing the student the opportunity to earn brief
breaks and maintaining the task demand (Germer et al., 2011; Whitford et al.,
2013). All these strategies are known to be effective behavioral interventions;
however, when the function of the behavior was identified, the strategies were
more likely to be effective. Our results support those of Miller and Lee (2013),
who found that the use of FBA increased the effects of behavioral strategies, and
we were encouraged that studies of strategies selected through FBA for students
with ADHD have increased between the years 2011 and 2016. Concerns exist
regarding questionable feasibility in schools (e.g., Gable, Hendrickson, & Sasso,
1995; Nelson, Roberts, Mathur, & Rutherford, 1999). The FBA process is very
resource intensive and individualized, and the feasibility of implementation by
classroom teachers is minimal as it requires the support of specialized profession-
als. However, results here continue to support its use.

Only one environmental SCD study was identified in the current meta-analy-
sis, and no environmental studies were evaluated in prior meta-analyses. However,
historically, environmental changes as antecedent interventions have been sug-
gested for students with ADHD. For example, Reid (1999) suggested that students
with ADHD need physical activity, which could be provided through the physical
setup in the classroom. The author recommended allowing students to move
around the class from a study carrel to a standard desk, to a stand-up desk. More
recently, within the popular literature (e.g., Entwistel & Fallowfield, 2017) and in
classrooms across the United States, teachers are implementing environmental
strategies, such as flexible seating (e.g., Kercood & Banda, 2012; Schilling,
Washington, Billingsley, & Deitz, 2003) and use of flexible tangle toys (Kercood
& Grskovic, 2010); however, no SCD studies were found that met the inclusion
criteria that evaluated these strategies.

Evidence-Based Status of Intervention Types

The current study was the first to apply meta-analytic procedures for SCD
studies to determine the overall evidence-based status of each category of inter-
vention by considering both WWC and CEC standards. Evaluating interventions
through the application of two sets of standards allowed us to provide a layer of
rigor that increased the likelihood of credible and trustworthy findings (Kratochwill
& Levin, 2010; Kratochwill et al., 2010). However, it also focused attention on
the need for agreement regarding the indicators of quality SCD research as differ-
ences exist between the two sets of standards, resulting in different outcomes for
the intervention types. Specifically, instructional and self-management interven-
tions met sufficient SCD WWC indicators to be considered evidence based; how-
ever, both were considered potentially evidence based according to CEC. On the
contrary, behavioral interventions did not meet sufficient WWC indicators to be
considered evidence based, because of an inadequate number of participants;
however, based on the CEC criteria, behavioral interventions were potentially
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evidence based. These discrepancies were expected as the standards focus on
somewhat different criteria; however, the mixed findings introduce ambiguity
into the knowledge of evidence-based interventions for students with ADHD in
classroom settings, and as such, a consensus set of quality indicators would be
beneficial.

Scientific Quality of the Source Studies

Overall, the scientific quality of the SCD source studies supporting the use of
classroom-based interventions for students with ADHD was fairly strong and
appears to be improving with time, indicating that researchers are committed to
conducting quality education research. The change across time is evident as 10
studies included in the DuPaul et al. (2012) meta-analysis and published between
1998 and 2007 were excluded from the current study at the standards evaluation
stage. Furthermore, only 4 of the 18 studies that did not meet the WWC standards
and were eliminated in the current meta-analysis were published after the stan-
dards. Studies were excluded primarily because of insufficient number of data
points per phase, which is understandable as some experts question the need for
additional data points in a phase when data are stable or moving in the opposite
direction of the desired effect. Another area of weakness was found in reporting
fidelity. Forty-one percent (n = 11) of the source authors did not report fidelity.
Although these two weaknesses were found, the overall findings indicate that the
research base is strong and that researchers are attending to established quality
criteria.

Similar to the discrepancies in the evidence-based status of the intervention
types when applying two sets of standards, discrepancies were found between the
two sets of standards for 16 individual studies (59%). The quality of each of these
studies was sufficient to meet the WWC standards with or without reservations.
However, the studies did not meet the quality standards established by CEC.
Specifically, the studies did not sufficiently report study characteristics for repli-
cation. As mentioned previously, this discrepancy has the potential to confuse
educators searching for evidence-based interventions.

Effectiveness

To determine the effectiveness of the interventions, the source studies were
evaluated through Tau-U and visual analysis, and effect sizes were combined for
each intervention type. Our findings support those of DuPaul et al. (2012), indi-
cating that all the intervention types had moderate to large effects, with self-man-
agement having the strongest effect (environmental intervention, with only one
study, was not considered). SRSD, CAI, and CCC were found to have moderate
effects on essay writing, math fluency, and academic engagement. Furthermore,
our findings of overall moderate to large effects of SRSD support the findings of
Reid et al. (2014) suggesting that teaching students with ADHD strategies for
writing is likely to increase accurate essay writing. These findings indicate that
increasing the academic success of students with ADHD is a critical goal for both
researchers and educators.

Similar to the findings of DuPaul et al. (2012), we found that behavioral inter-
ventions evaluated through SCD had smaller effects than the other categories. The
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overall Tau-U derived from individual studies of behavioral interventions was
negatively affected by four very small effects. Specifically, small effects were
found for (a) the use of the response-cost contingencies delivered through an ATS
without direct rehearsal (DuPaul et al., 1992) on ADHD symptoms and on-task
behavior and (b) peer tutoring with contingency management on positive and
negative behavior (Vilardo et al., 2013). The small effect associated with the ATS
can likely be attributed to the novelty of the system and distractions in the class-
room during the first phase. The authors indicated that during the initial interven-
tion phase, several additional students were placed in the classroom and one
student was distracted by the presence of the ATS. As both Tau-U and visual anal-
ysis consider the effects during all the intervention phases, the effect size was
small. The small effects associated with peer tutoring with contingency manage-
ment can be attributed to variability and overlap in the data. As such, our findings
and the findings of prior meta-analyses suggest that behavioral strategies are
moderately effective and less effective than instructional and self-management
interventions.

These results indicate a focus on increasing successful independent function-
ing of students with ADHD in classroom settings, with less focus on external
contingencies. Specifically, effective instructional strategies were found that can
be used to teach students learning strategies (e.g., SRSD) and others that explic-
itly teach content (e.g., flash cards) with the potential to engage and motivate
students with ADHD in content learning. To further decrease the negative effects
associated with ADHD symptomology and impairment, self-management strate-
gies teach students to self-regulate behavior during instruction. These findings are
encouraging and speak to the likelihood that with the correct instructional and
self-management interventions implemented with fidelity, students with ADHD
can learn the content standards being taught to typically developing peers and to
self-regulate their own behavior.

Moderators

The results from moderator analyses in the current study support findings
from prior meta-analyses and provide new information to the field. As in DuPaul
et al. (2012), results in the current study suggest that, overall, interventions are
as effective in general education as in special education settings. As a majority of
students with ADHD receive all services in general education settings, and with
the current emphasis on inclusion, this finding is encouraging. General and spe-
cial education teachers are likely to find that implementation of self-management
and behavioral interventions will be beneficial to students with ADHD regard-
less of setting. The only exception in the current study was that instructional
interventions were more effective in special education settings than in general
education settings. This finding provides preliminary evidence that the charac-
teristics of special education settings may be more conducive to learning than
those of general education settings for students in need of minimal distraction
and specialized services.

The results for behavioral interventions produced a majority of the variability
in this and prior meta-analyses. First, the results suggest that behavioral interven-
tions were more effective when implemented in secondary settings; however, this
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finding must be interpreted with caution as a large majority (82%) of cases were
implemented in elementary settings, as in prior meta-analyses (DuPaul et al.,
2012; Pyle & Fabiano, 2017). More research is needed in secondary settings as it
is not clear whether implementation continues to be effective as children move
through developmental phases.

Second, behavioral interventions were more likely to be effective when imple-
mented by researchers than teachers. The difference was large. This study is the
first to evaluate the moderating effects of the interventionist with this population,
and this finding is in line with concerns about the feasibility of teachers imple-
menting interventions with fidelity when researchers no longer provide support
(e.g., Forman et al., 2009). Behavioral interventions, in particular, bring about a
unique set of challenges for teachers, such as having the appropriate skills or
training for implementation and the lack of resources and supports to meet the
multiple student needs. This appears to be evident in the doubled effect when
these interventions were implemented by researchers in comparison with teachers
(i.e., Tau-U = 0.68 vs. 0.34, respectively). This is an area in need of further empir-
ical work.

Third, our findings suggest that behavioral interventions were more likely to
be effective when selected through FBA. Although FBA has a strong research
base (Carr et al., 1999; Sugai, Lewis-Palmer, & Hagan-Burke, 2000), this was the
first study to our knowledge that evaluated its use as a moderator of effects for
classroom-based interventions for students with ADHD. The findings are notable,
with five cases selecting interventions through FBA having a strong Tau-U and
six studies not employing FBA having a weak Tau-U. Although, some have ques-
tioned the efficiency of FBA in schools (see Scott et al., 2004), these findings
provide preliminary evidence that conducting FBA to select interventions is worth
the time and effort involved. Given the variability of behavioral interventions
with this population, more research is needed to determine if these results are
replicable and generalizable. Furthermore, as recommended by Dunlap and Kern
(2018), experts need to evaluate methods for making the FBA process more effi-
cient, feasible, and acceptable for educator implementation.

Although moderators of effect were found for behavioral and instructional
interventions, the results here suggest that self-management was equally effective
in secondary and elementary grades, in general- and special education settings,
when implemented by researchers and teachers, and in targeting behavioral and
academic outcomes. These outcomes are encouraging and support the findings of
others (e.g., Reid, Trout, & Schartz, 2005). With each meta-analysis, further data
are developed to provide support for interventions that can be implemented to
teach students with ADHD the skills they need to be successful in classroom
settings.

Limitations

This systematic review with meta-analysis is not without limitations. First, as
we were only interested in classroom-based interventions, it is possible that we
excluded rigorous studies that were implemented in similar settings (e.g., summer
treatment programs, residential treatment programs). However, the goal here was
to evaluate studies implemented in typical authentic education settings. Second,
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studies were only included if published in peer-reviewed journals, as we were
particularly interested in the quality of the published literature in this area.
However, we did conduct Egger’s test to measure publication bias in the sample.
Third, Tau-U is limited by the potential for ceiling effects, with 16 cases reaching
the upper ceiling. Fourth, as results of previous meta-analyses indicate that inter-
ventions evaluated through SCD had larger effects than those evaluated through
within-or between-subject designs, it is possible that effects in the current study
are larger than would be found if other methodologies are used.

Implications for Research and Practice

Implications for research can be drawn from the results of this meta-analysis.
First, it is clear that researchers have been studying the effects of interventions
that can be implemented in classrooms with students with ADHD for more three
decades. Changes have occurred over time, with a focus that appears to be mov-
ing from behavioral strategies to address classroom behaviors to instructional
strategies to increase learning, as well as self-management strategies to increase
self-regulation. We encourage researchers to continue this trend, replicating
studies and findings to increase content mastery and self-regulation in order to
encourage independent functioning among youth with ADHD. Second, research
is needed to determine the effects of SRSD on distal outcomes, such as grades
and high-stakes achievement tests. In the current climate of high-stakes testing
and accountability, it is important to understand the effects of learning strategies
on such outcomes. Third, research is needed to further explore the use of FBA
to select interventions for students with ADHD in classroom settings.
Specifically, researchers are encouraged to continue the process of developing
strategies to increase the acceptability, feasibility, and usability of FBA to select
interventions for students with ADHD for teacher use. Fourth, research on envi-
ronmental strategies is needed as our experience indicates that such strategies
are being implemented without empirical support in classrooms with students
with ADHD. Finally, we recommend that researchers continue collaboration
and strive for a consensus set of standards for quality SCD research. Based on
the findings here, we recommend combining the two sets of criteria into one.
The focus on transparency and quality of study procedures is vital to ensuring
that studies can be replicated. In addition, procedures found in the WWC stan-
dards to ensure that studies are conducted that control for threats to internal and
external validity must be included. Increasing the quality of SCD studies is vital
to its continued use to determine the evidence-based status of interventions.
SCD studies have a long history in education research, and strides to increase
their quality are commended and should continue.

Implications for educators are also evident in this meta-analysis. First, class-
room teachers are encouraged to utilize the instructional strategies described in
this study to increase the likelihood that students with ADHD have access to the
general education curriculum. Specifically, teachers are encouraged to monitor
the effects of SRSD as a strategy to teach students with ADHD to write, as
results here suggest a strong likelihood of increasing student mastery. Second,
CAl is a viable instructional option. Teachers are encouraged to carefully select
computer-based programs by reviewing the empirical support for the specific
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program. Third, we recommend that teachers instruct and guide students to use
self-management strategies to increase independent and academic functioning.
It is likely that teachers will need consultation to effectively teach this skill, and
they will need assistance, feedback, and coaching. However, the results of the
current and prior studies indicate that these strides will likely be worth the
effort. Fourth, the findings here and from prior research indicate that behavioral
strategies are effective for students with ADHD; however, we recommend that
teachers carefully monitor student progress and adjust behavioral interventions
based on student achievement. Finally, we stress the importance of using strate-
gies with empirical evidence. Strategies with sufficient evidence gathered
through quality research have been identified that potentially have a strong like-
lihood of increasing learning and positive behavioral outcomes in students with
ADHD in classroom settings.

Conclusion

In conclusion, although the exploration of school-based interventions is not
new, students with ADHD continue to struggle in academic environments and
teachers continue to be challenged to address student needs. In the past, research
has primarily focused on external strategies to change behavior without focusing
on instructional strategies, which have the potential to ultimately derail the sec-
ondary and/or postsecondary academic performance of students with ADHD and
further the trajectory toward poor long-term outcomes. The findings here suggest
that this focus has shifted to address both academic and behavioral challenges and
to explore strategies to teach students to manage their own behavior and learning.
Furthermore, the quality of the supporting SCD research appears to be improving,
increasing the trustworthiness of the findings. These advances are encouraging,
and next steps include expanding intervention development with consideration of
the moderators of effects. In summary, the results of this study suggest that prom-
ising classroom-based interventions evaluated through quality research that have
the potential to increase positive outcomes are available to address the needs of
students with ADHD in classroom settings.
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