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Abstract. Peer tutoring is an instructional strategy that involves students helping
each other learn content through repetition of key concepts. This meta-analysis
examined effects of peer tutoring across 26 single-case research experiments for
938 students in Grades 1-12. The TauU effect size for 195 phase contrasts
was 0.75 with a confidence interval of Clys = 0.71 to 0.78, indicating that
moderate to large academic benefits can be attributed to peer tutoring. Five
potential moderators of these effects were examined: dosage, grade level, reward,
disability status, and content area. This is the first peer tutoring meta-analysis in
nearly 30 years to examine outcomes for elementary and secondary students, and
extends previous peer tutoring meta-analyses by examining disability as a poten-
tial moderator. Findings suggest that peer tutoring is an effective intervention
regardless of dosage, grade level, or disability status. Among students with
disabilities, those with emotional and behavioral disorders benefitted most. Im-
plications are discussed.

The peer tutoring research base spans
more than 40 years and convincingly demon-
strates an evidence-based practice (Cloward,
1967; Cohen, Kulik, & Kulik, 1982; Del-
quadri, Greenwood, Whorton, Carta, & Hall,
1986; Mastropieri, Spencer, Scruggs, & Tal-
bott, 2001). Peer tutoring can be defined as “a
class of practices and strategies that employ
peers as one-on-one teachers to provide indi-

vidualized instruction, practice, repetition, and
clarification of concepts” (Utley & Mortweet,
1997, p. 9). The success of peer tutoring for
both tutors and tutees is likely from incorpo-
rated instructional features such as frequent
opportunities to respond, increased time on
task, and regular and immediate feedback.
Each of these components is empirically
linked with increased academic achievement
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(Greenwood, Terry, Arreaga-Mayer, & Finney,
1992; Maheady, Harper, & Sacca, 1988).

The positive effects of peer tutoring
have been demonstrated across subjects
such as reading (Oddo, Barnett, Hawkins, &
Musti-Rao, 2010), math (Hawkins, Musti-
Rao, Hughes, Berry, & McGuire, 2009), so-
cial studies (Lo & Cartledge, 2004), and sci-
ence (Bowman-Perrott, Greenwood, & Tapia,
2007), and across a wide range of settings that
include general education classrooms (Lo &
Cartledge, 2004), resource rooms (Maheady et
al., 1988), self-contained classrooms (Suther-
land & Snyder, 2007), alternative placements
(Bowman-Perrott et al., 2007), and group
homes (Mayfield & Vollmer, 2007). Peer tu-
toring configurations include cross-age (Jun,
Ramirez, & Cumming, 2010), small group
(Maheady, Sacca, & Harper, 1987), and class-
wide (Greenwood et al., 1992). In addition,
peer tutoring is effective for students with and
without disabilities, native English-speaking
students, and English language learners (see
Okilwa & Shelby, 2010).

Although previous peer tutoring re-
search indicates that student outcomes are bet-
ter with the use of peer tutoring (Delquadri et
al., 1986), there are some gaps in the literature.
Missing from the peer tutoring literature are
recent reviews that report effect sizes (ES)
with confidence intervals for elementary and
secondary students. Further, potential moder-
ators have not been fully examined, and an
evaluation of single-case data using a common
effect size metric is needed.

Single-Case Research, Effect Size, and
Confidence Intervals

Single-case research methods can “pro-
vide a rigorous experimental evaluation” of
the efficacy of an intervention (Kratochwill et
al., 2010, p. 2). As such, single-case research
has been used to identify a range of interven-
tions used in schools, as this method of inquiry
can help identify practices that are evidence-
based (Horner et al., 2005). The use of effect
size in single-case research allows for a deter-
mination of the size or magnitude of academic
or behavioral change. Determining the size of
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the effect, as well as a functional relation, is
critical in light of accountability for instruc-
tional practices and multitier models of early
intervention (see Council for Exceptional
Children, 2008; National Association of
School Psychologists, 2010).

Data from single-case studies of school-
based practices are being summarized more as
new methods are being developed that can
address positive baseline trends and that re-
quire few assumptions about the data (Parker,
Vannest, Davis, & Sauber, 2011). Although
many studies using single-case research de-
signs may be found in the peer tutoring liter-
ature, neither individual nor aggregated effect
sizes with corresponding confidence intervals
have been published to date. This is a signif-
icant shortcoming, as effect sizes aid in sum-
marizing data across studies. Further, confi-
dence intervals are needed for accurate inter-
pretation of effect size data (Cooper, 2011;
Hunter et al., 1982; Thompson, 2002, 2007)
and are required by the American Psycholog-
ical Association (APA; American Psycholog-
ical Association, 2010; Wilkinson & APA
Task Force on Statistical Inference, 1999). An
effect size with confidence intervals tells about
the relative size of an effect compared to other
treatments, and provides a standard metric for
comparison and aggregation. Further, in an era
of evidence-based practices, it provides data
that are more readily understood. The use of a
common effect size metric with single-case
research, as with group designs, is essential to
allow for the aggregation of results across
studies.

Effect Size Metrics Used in Previous
Single-Case Research

There are at least eight commonly used
nonoverlap effect size metrics (indices) in sin-
gle-case research. They include percentage of
nonoverlapping data (PND; Scruggs, Mas-
tropieri, & Casto, 1987), percentage of all
nonoverlapping data (PAND; Parker, Hagan-
Burke, & Vannest, 2007), nonoverlap of all
pairs (NAP; Parker, Vannest, & Brown, 2009),
extended celeration line (ECL; White & Har-
ing, 1980), improvement rate difference (IRD;
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Parker et al., 2009), percent of data exceeding
the median (PEM; Ma, 2006), Pearson’s Phi
(Parker et al., 2007), and Kendall’s TauU for
nonoverlap between groups with baseline
trend control (Tau,,y,,; Parker, Vannest, Da-
vis, & Sauber, 2011). Although a full review
of these indices is beyond the scope of this
article (see Parker et al., 2011), a brief review
of limitations of each compared to TauU
follows.

Although not intended by its originators
as an effect size, PND has been used this way
in several meta-analyses. Limitations of PND
include its unknown distribution qualities
(with the consequent inability to provide a
standard error or confidence intervals) and its
insensitivity to treatment effects. As such, it is
not recommended for meta-analyses (see Al-
lison & Gorman, 1993; Horner et al., 2005). A
limitation of PND, PAND, NAP, IRD, PEM,
and Phi, is that they cannot control for positive
baseline trend. Of the eight methods, only
ECL and TauU can do that. However, ECL
controls for only linear trend, whereas TauU
controls for any shape of increase, known as
monotonic trend. The weakest statistical
power among these eight indices is shown by
PEM, followed by ECL (it cannot be ascer-
tained with PND). Medium statistical power is
obtained by Phi and IRD; strongest statistical
power is by TauU and NAP. Limitations of
ECL and PEM also include their assumption
that the median value is a reliable summary of
Phase A. This assumption is only correct for
data sets demonstrating measures of central ten-
dency. TauU does not make this assumption.

Another criterion for a good effect size
is that it should discriminate among results
from different studies. A nondiscriminating
index will lump all low and/or all high results
together. Worst discrimination is shown by
PEM, followed by PND. Best discrimination
is by TauU, with baseline trend control. Phi
also has good discriminating ability. TauU is
also robust to autocorrelation (with little im-
pact on standard error; Parker et al., 2011).
Finally, TauU is well suited to very short
phases. It does not require the minimum four
to six expected data points per cell that non-

parametric methods based on cross-tabulation
do (e.g., IRD, Phi).

The limitations of TauU include it being
a relatively new effect size measure, so there
are relatively few publications from which its
sizes can be judged. A second limitation is
shared by all nonoverlap indices but Phi: non-
overlap effect sizes are not directly compara-
ble to the familiar Pearson’s r or Cohen’s
(1988) d. However, TauU’s strengths (statis-
tical power, low N requirement, distribution-
free, good discrimination ability among stud-
ies, control of unwanted baseline trend, a
known sampling distribution) are such that it
appears to be the best nonparametric index at
present and is even competitive with paramet-
ric indices.

Effect Size Measures Used in Previous
Peer Tutoring Meta-analyses of Group
Design Studies

Although effect sizes used in group de-
sign meta-analyses are not directly compara-
ble to TauU, a brief review of their limitations
with regard to single-case data are presented.
Previous peer tutoring meta-analyses of group
design studies used Cohen’s d, Hedges’ g, f,
and F tests to calculate effect sizes. The most
common effect size measure was Cohen’s d.
An advantage of Cohen’s d and Hedges’ g is
that they are scale free or standardized. The
main limitation of both is that they are para-
metric statistics. As such, they make assump-
tions about single-case data that are rarely all
met. Assumptions include normality, constant
variance along the time dimension, and an
interval-level scale (see Hunter et al., 1982).
In addition, parametric effect size measures
permit results to be unduly influenced by a few
extreme scores. Such problems are not inher-
ent in the effect size measure but in the mis-
match between parametric calculations and
single-case data. The problem of unmet as-
sumptions applies to all effect size measures
based on parametric analyses (e.g., ¢ tests, F
tests, and linear regression); these measures
are not sensitive to data trend in any phase. A
review of effect sizes reported in previous
meta-analyses follows.
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Previous Meta-analyses of Peer Tutoring
and Potential Moderators

Cohen et al. (1982) examined school
tutoring programs across 65 studies that in-
cluded students in Grades 1-12. Variables in-
cluded grade level, duration of the interven-
tion (number of weeks), and content area.
Overall effect sizes were reported for tutors
and tutees separately, 0.33 and 0.40, respec-
tively. Students who participated in tutoring
outperformed students in control groups on
content area tests (identified as math, reading,
and “other”). Further, elementary age students
benefitted more than their older (middle and
high school) peers, and engagement for fewer
weeks yielded a larger effect size (0.95) than
engagement for a longer period of time
(ES = 0.42 for 5-18 weeks and ES = 0.16 for
19-36 weeks).

Although Cohen et al. (1982) focused on
students without disabilities, Cook, Scruggs,
Mastropieri, and Casto (1985) examined 19
studies of peer tutoring arrangements in which
elementary and secondary students with dis-
abilities served as tutors and tutees. Tutors
were identified as students with emotional/
behavioral disorders (EBD), learning disabili-
ties (LD), and mental retardation (MR) or in-
tellectually disability (ID); the majority con-
sisted of students with EBD (56%). Nearly
40% of the tutees were students with LD
(20%) and MR (18%). Both tutors and tutees
made academic gains as a result of participat-
ing in peer tutoring (ES = 0.59 and 0.65,
respectively). Cook et al. (1985) evaluated the
age of tutors and tutees, the number of tutoring
sessions per week and total number of ses-
sions, the number of hours of tutoring, and the
length of sessions (minutes). Unlike the results
of Cohen et al.’s (1982) analysis, the length of
the intervention (treatment dosage) did not
appear to influence the outcomes.

Nearly two decades later, Rohrbeck,
Ginsburg-Block, Fantuzzo, and Miller (2003)
examined 90 studies of peer-assisted learning
(PAL) interventions at the elementary school
level. In this investigation, larger gains were
found for students in Grades 1-3 (ES = 0.37)
than for students in Grades 4—6 (ES = 0.28).
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Further, larger gains were found when reward
contingencies were present (ES = 0.34
vs. 0.26). Like the meta-analysis by Cook et
al. (1985), but unlike that of Cohen et al.
(1982), dosage (the total number of hours or
minutes in which participants participated in
peer tutoring) did not affect academic
achievement.

Ginsburg-Block, Rohrbeck, and Fan-
tuzzo (2006) examined PAL interventions
across 36 studies involving elementary school
students. No potential moderator variables of
academic achievement were assessed. How-
ever, they reported an effect size of 0.48 for
academics for the 26 studies that reported
those data. Finally, Jun et al. (2010) ana-
lyzed 12 studies to examine the impact of peer
tutoring on literacy outcomes for students in
Grades 6-12. Effect sizes were compared
across types of peer tutoring (e.g., cross-age
peer tutoring vs. adult tutoring). The effect
size for cross-age peer tutoring was 1.05.

Existing meta-analyses provide valuable
information about peer tutoring, but with some
limitations. The meta-analysis conducted by
Cohen et al. (1982) did not report fidelity of
implementation. In addition, effect sizes were
only reported for reading, math, and unidenti-
fied subjects in a category labeled ‘“‘other.”
Similarly, Cook et al.’s (1985) meta-analysis
did not report treatment fidelity. Although the
mean age of tutors and tutees were elementary
and middle school, some tutors were adults,
but age or grade as a moderator of effects was
not evaluated. Also, the effect of disability as
a potential moderator was not examined and
data were not disaggregated by disability cat-
egory. Although Rohrbeck et al. (2003) re-
ported effect sizes for several content areas
subjects, the findings for the studies examined
in their meta-analysis were limited to elemen-
tary school students. Like Rohrbeck et al.
(2003), the Ginsburg-Block et al. (2006) meta-
analysis findings were limited to elementary-
age students. Although an effect size for aca-
demics was computed to correlate with stu-
dents” social and Dbehavioral outcomes,
academic achievement was not examined. Jun
et al.’s (2010) meta-analysis did not examine
intervention variables or potential moderators
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related to peer tutoring (e.g., age of participant
or treatment dosage). Further, finds were lim-
ited to secondary students and literacy out-
comes. Although effect sizes were reported in
each of the five existing meta-analyses, only
the three most recent reported confidence in-
tervals for the effect sizes. Of those three, only
two focused on academic outcomes (Jun et al.,
2010; Rohrbeck et al., 2003). Finally, none of
the five existing meta-analyses included stud-
ies using single-case research designs.

The Need for a Single-Case Research
Meta-analysis

Studies utilizing single-case research
designs have often been excluded from meta-
analyses (Allison & Gorman, 1993; Cumming,
2012). The peer tutoring literature is no ex-
ception. It is likely that these studies have
been excluded because standards for high-
quality single-case research designs and evi-
dence of treatment effects have been devel-
oped only recently (e.g., Cooper, 2011; Horner
et al., 2005; Horner & Kratochwill, 2012;
Kratochwill et al., 2010). Thus, methodology
for standardizing, aggregating, and analyzing
single-case data now provide an opportunity
for their potential contribution to the literature.

The present meta-analysis examined the
effect of peer tutoring and potential modera-
tors on academic achievement for elementary
and secondary students. As such, it was de-
signed to contribute to the peer tutoring liter-
ature by extending previous research in sev-
eral ways. Specifically, this meta-analysis is
(a) the first peer tutoring meta-analysis in
nearly 30 years that reports peer tutoring ef-
fects for both elementary and secondary stu-
dents; (b) the most recent analysis of peer
tutoring studies; (c) the only peer tutoring
meta-analysis that examines disability as a
potential moderator; (d) the first peer tutoring
meta-analysis to investigate the contribution
of studies using single-case designs by propos-
ing an effect size metric that allows for the
aggregation of single-case data; (e) the first
single-case peer tutoring meta-analysis to pro-
vide support for peer tutoring as an evidence-
based practice based on APA standards of

reporting effect sizes with confidence inter-
vals; and (f) the only peer tutoring meta-anal-
ysis to use interobserver agreement as an in-
clusion criterion. Two research questions were
addressed: (a) What is the effect size of peer
tutoring across studies? (b) What are exam-
ined effects of potential moderators on stu-
dents’ academic achievement?

Method

To identify relevant studies published
in peer-reviewed journals, a review of the
literature of data-based peer tutoring studies
was conducted using the Education Full
Text, Educational Resources Information Cen-
ter (ERIC), and PsycINFO databases. Google
Scholar was searched as well. Search terms
included “peer tutoring,” “reciprocal peer
tutoring,” “classwide peer tutoring,” “peers
as tutors,” “peer-mediated instruction,” and
“peer-assisted learning” to identify as many
peer tutoring studies as possible. A total
of 1,758 articles were found. An ancestral
search was conducted for studies in the ref-
erence section of articles using single-case
designs. An additional ancestral search was
completed for studies included in peer tutor-
ing literature reviews. These uncovered 17
articles. These searches yielded a total
of 1,775 articles.

Inclusion Criteria, Quality of Research
Design, and Experimental Control

Several criteria had to be met for articles
to be included in these analyses. First, studies
had to be published in peer-reviewed journal
articles between 1966 and 2011. Second, stud-
ies had to employ a single-case research de-
sign with baseline conditions that did not in-
volve some form of peer tutoring. Third, re-
search designs had to meet the criteria for
strong single-case designs (Horner et al.,
2005; Horner et al., 2012; Kratochwill et al.,
2010). Specifically, (a) the peer tutoring inter-
vention had to be systematically manipulated;
(b) academic achievement outcome variables
had to be measured using interobserver agree-
ment of at least 80% for at least 20% of all
observations; (c) studies had to demonstrate
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experimental control by at least three demon-
strations of the effect of the intervention at
three points in time, and (d) phases had to
have a minimum of three data points. The
criteria established by Horner et al. (2012) for
determining a functional relation between in-
dependent and dependent variables were also
applied. Thus, studies with designs that did not
meet these criteria (e.g., AB, ABA designs)
were excluded. In addition, studies had to in-
clude the use of peer tutoring as an academic
intervention in a content area. The term “con-
tent area ” is used to reflect the core academic
subject areas specified in the Individuals with
Disabilities Education Act (2004; e.g., read-
ing, math, social studies). Studies also had to
use a direct measure of academic achieve-
ment. Finally, studies had to include students
in Grades 1-12 involving same- or cross-age
peers as tutors.

The following were excluded from the
current meta-analysis: duplicate studies (i.e.,
studies that appeared in more than one data-
base search); studies involving tutoring be-
tween college students; the use of college stu-
dents, parents, or other adults as tutors for
students in Grades 1-12; studies that investi-
gated the use of peer tutoring in subject areas
not identified in Individuals with Disabilities
Education Act (2004; e.g., physical educa-
tion); and reviews of literature and descriptive
reviews of peer tutoring programs. Group de-
sign studies were excluded because previously
published meta-analyses examined studies us-
ing these designs. A total of 26 articles
remained.

Coding Reliability and Intercoder
Reliability

Reliability was calculated for 20% (n =
39) of all of the AB phase contrasts across
the 25 studies for which graphed or raw data
were provided. Three data columns were used
for each data series: phase, time, and score.
The formula used for intercoder reliability was
the sum of agreement/total number of agree-
ments + disagreements X 100. Reliability
was 100% for each code as described below.
Initial agreement across variables ranged from
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86% to 100%. Disagreements were resolved
after the first author and graduate student reread
and discussed articles, resulting in 100% final
agreement across all codes. The coding guide is
available from the first author upon request.

Codes were operationally defined and
applied to all 26 studies by the first author; all
codes were entered into an Excel spreadsheet.
A graduate student was trained on the codes
and independently coded each study using a
separate Excel spreadsheet. Thus, each study
was double-coded. Twelve study variables
were coded, including the five potential mod-
erators. Coding across potential moderators
included (a) grade level; (b) dosage (including
its components of duration, intensity, and
number of sessions); (c) use of reward; (d)
disability or at-risk status; and (e) design
strength/experimental control. Reliability was
calculated for each of the three components of
dosage separately, and then for the dosage
formula. Five of the studies did not provide
some of the necessary coding information for
the potential moderators (e.g., length of the
intervention). In these cases, the first or second
author was contacted via e-mail to obtain the
missing data; all of the authors responded and
provided the requested information.

In addition to the potential moderators,
all studies were coded for design strength and
fidelity of implementation. Reliability was cal-
culated for the five moderator variables, de-
sign strength, fidelity of implementation, and
20% of the remaining variables (e.g., partici-
pant characteristics such as gender, study
characteristics such as number of participants,
and social validity). Twenty-five percent of all
codes were calibrated. As a result, several
codes were changed or deleted. Duration, in-
tensity, and number of sessions were initially
coded separately. They were subsequently
combined to create one variable: dosage. Peer
tutoring format (viz., use of reciprocal tutor-
ing, error correction, and awarding of points)
was not retained.

Potential Moderators

Studies were coded across five potential
moderator variables: grade level, dosage, the
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use of rewards, disability or at-risk status, and
content area. Potential moderators were coded
by level with the exception of content area,
which was simply coded by subject.

Grade level. Grade level was repre-
sented by two levels: elementary and second-
ary. Elementary grades included Grades 1-5.
Secondary grades represented middle and high
school Grades 6—12.

Dosage. Dosage was composed of the
variables duration, intensity, and number of
sessions. The formula used to calculate this
potential moderator was duration X inten-
sity X number of sessions (see Rohrbeck et
al., 2003). Duration refers to the number of
weeks students spent involved in peer tutor-
ing, rather than the entire length of the study
(which includes baseline or a nonpeer tutoring
condition). Intensity refers to the number of
minutes students spent engaged in peer tutor-
ing (per week). Number of sessions refers to
number of times (e.g., days per week) students
engaged in the intervention across the weeks
of the peer tutoring intervention.

Use of rewards. Tangible (e.g., stick-
ers) and social (e.g., applause) rewards were
represented across studies. The use of individ-
ual contingencies alone or with group contin-
gencies varied across studies.

Disability or at-risk status. Disability
status referred to students who had been iden-
tified with a disability under Individuals with
Disabilities Education Act. At-risk status was
applied to students who performed below
grade level or who were performing poorly
academically, but were not identified as hav-
ing a disability.

Content area. Content areas included
reading, math, and social studies. Ten studies
focused on reading, six on spelling, six on
math, three on vocabulary, and three on social
studies (some studies addressed more than one
content area). Spelling outcomes were mea-
sured by students’ correct spelling of words
and the percent of words capitalized correctly.
Reading measures included (a) nonsense word

fluency, (b) errors per minute, (c) sight word
acquisition, and (d) comprehension. Math
measures consisted of (a) correctly multiply-
ing decimals, (b) changing decimals to frac-
tions, (c¢) calculating percentages, and (d) add-
ing and subtracting time. Vocabulary evalu-
ated the percent of vocabulary words correct.
Social studies included history content mate-
rial; specific learning outcomes were not
reported.

Calculation of Effect Size

TauU. TauU is an effect size measure
based on nonoverlap between phases that can
also control for confounding baseline trends
(Parker et al., 2011). It is derived from Ken-
dall’s rank correlation (an index of trend) and
the Mann-Whitney U test between groups (an
index of nonoverlap; Parker et al., 2011). Ken-
dall’s rank correlation is essentially an analy-
sis algorithm of time and score, comparing
ordered scores and all possible pairs of data.
Each pairwise comparison is an improved
score, a score that is not improved, or a tie.
Kendall’s rank correlation is the percentage of
all data pairs that show improvement and that
measures the tendency for scores to improve
over time. It also calculates monotonic
trendedness. In Mann-Whitney U, the index
represents differences in group level. In appli-
cation to single-case research, the concept is
applied to phases (rather than groups). Scores
from two phases (groups) are combined for a
cross-group ranking. The separate rankings
are then statistically compared for mean dif-
ferences. The Mann-Whitney U algorithm
uses two continuous variables: scores and
time. By replacing the time variable with a
dummy code (0/1) to represent Phases A and
B, an identical result is produced. This pro-
duces the proportion of pairwise comparisons
that improve from Phase A to Phase B or the
percentage of nonoverlapping data.

TauU and phase contrasts. TauU in-
corporates A versus B phase nonoverlap, non-
overlap and Phase B trend together, nonover-
lap with baseline trend controlled, and non-
overlap and Phase B trend with baseline trend
controlled. It is constrained by the amount of
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Phase A trend, Phase A length, and the relative
lengths of Phase A and B. Therefore, it can
only control baseline trendedness to the ratio-
nal limits. In the present meta-analysis, data
from all AB phases were analyzed, with the
exception of maintenance phases. In studies in
which more than one AB phase was reported,
an effect size was calculated for the A1/Bl
contrast and a separate effect size for the
A2/B2 contrast. Each effect size was then en-
tered into WinPepi (Abramson, 2012) using
the meta-analysis function to aggregate the
data and arrive at a single effect size for a
given study. Specifically, the following data
analysis functions were selected: (a) Compare
2, (b) Meta-analysis; analysis of stratified
data, (c) Others, or proportions or rates with
effect sizes/Cls, and (d) Also enter standard
error. Each AB contrast, or “stratum,” was
entered, and all were “combined” (Abramson,
2012).

TauU dummy coding. Dummy cod-
ing for A and B phases (e.g., A1/B1, A2/B2)
were calculated by hand for each study and
entered into the TauU calculator (Vannest,
Parker, & Gonon, 2011) to obtain values for
Tau (herein used synonymously with TauU)
and the standard error of Tau (SE,,). Tau and
SEr,, values were entered into WinPepi to
arrive at an effect size and confidence interval
for each study. Because one article contained
two studies (Greenwood et al., 1984), the
number of articles and the number of studies
were not equal in all analyses.

Cohen’s d and Tau transformation.
In one study (Kamps et al., 2008), raw scores
were not available; means and standard devi-
ations were reported. For this study, Cohen’s d
was first calculated and then transformed to
TauU (Rosenthal, 1994). In this instance,
TauU was calculated by using a three-step
process. First, a Cohen’s d effect size was
calculated by hand using the formula Cohen’s
d = (M; — M,)/0,45eqa Where opooled =
VI(o1?>+062%) / 2]. The Cohen’s d effect size
was also obtained from WinPepi along with
Cohen’s d SE (Abramson, 2011). Second, Co-
hen’s d was transformed to Tau using the
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formula Tau = 1 — (1 — d/3.464)* (Acion,
Peterson, Temple, & Amdt, 2006; Parker,
Vannest,& Brown, 2009). Third, SEr,, was
calculated from the Cohen’s d standard error
by dividing Cohen’s d by Tau and then divid-
ing the Cohen’s d value by the product. For
example, dividing a Cohen’s d of 1.39 by a
Tau of 0.64 yields a quotient of 2. Dividing the
Cohen’s d standard error of 0.57 by 2 yields a
quotient of 0.28, the SE,,. Transformed Co-
hen’s d values were entered into WinPepi.

Statistical significance. Statistical sig-
nificance for Tau values was determined using
confidence interval Clys. When determining
wheher change is reliable, a 90%—95% confi-
dence interval is standard (Nunnally & Bern-
stein, 1994), indicating a reasonable change of
5-10% likelihood of error. Statistical signifi-
cance between Tau values was determined by
calculating Clg; 4 to visually test for overlap of
upper and lower limits between effect sizes.
Visual comparison of two effect sizes with
Clg;, is the same as a p = .05, or 95%
confidence-level test between the two scores
(Goldstein & Healy, 1995; Payton, Green-
stone, & Schenker, 2003).

Results
Study Characteristics

The 26 studies examined in this meta-
analysis were published between 1984 and
2011 and included a total of 938 participants.
Although data on participant gender were not
reported in four of the studies, the majority of
participants were reported as being male.
Fourteen studies did not report participant eth-
nicity. Among those that did report ethnicity,
Caucasian and African American were the two
ethnic groups with the greatest representation.
Studies largely involved students with identi-
fied disabilities (n = 15) and/or those at risk
for disabilities (n = 12). Only four studies did
not report the inclusion of students with or at
risk for disabilities. Most of the studies (n =
17) were implemented in general education
classrooms, followed by special education
classrooms (e.g., self-contained, resource).
One study was implemented in an English-as-
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a-second language classroom; another was im-
plemented in a group home and private homes.

The most commonly used design was a
multiple-baseline design (n = 15), with three
or more replications of the independent vari-
able across at least three points in time. Two
studies used a multiple-probe design (also
demonstrating at least three replications across
three points in time); six used an ABAB de-
sign. One study used an alternating-treatment
design comparing a peer tutoring and “no peer
tutoring” condition. Cases represented indi-
vidual student data in 14 studies, classes in 10
studies, and peer tutoring dyads in two studies.

Interobserver agreement was reported in
all 26 studies for at least 20% of all observa-
tions with 80% or more agreement (average
agreement is 97.69%) (Kratochwill et al.,
2010). Treatment fidelity data were reported
in 16 of the studies, ranging from 82.86% to
100%. Mean reliability for student implemen-
tation was 93.64%; reliability was 94% for
teachers. The majority of studies did not col-
lect consumer satisfaction (social validity)
data (n = 11). Those that did (n = 7), col-
lected teacher and student feedback via ques-
tionnaires or surveys; one collected data from
parents. Satisfaction ratings were high among
teachers, students, and parents.

Overall Effect

In response to the first research question,
the overall effect of peer tutoring was exam-
ined across all 26 studies, yielding a mean
effect size of 0.75 (SE = 0.02, Clys = 0.71
to 0.78). Figure 1 illustrates the range of effect
sizes and confidence intervals across all of the
studies at a 95% confidence level. Thus, there
is a 95% certainty that the true value for the
obtained effect size fell between the upper and
lower limits of the calculated confidence
interval.

Findings for Potential Moderators

Potential moderators of peer tutoring were
tested by calculating a reliable difference using
the formula (L1-L2)/sqrt [(SETaulSqrd) +
(SETau2Sqrd)]. Results indicated whether lev-
els of each moderator reliably reflected differ-

ences in the effect of peer tutoring (see Table
1). If statistically significant differences were
obtained between levels, the potential moder-
ator was confirmed as a moderator because
they differentially affected students’ out-
comes. Potential moderators were coded by
level with the exception of content area, which
was simply coded by the subject areas repre-
sented across studies. Results address the sec-
ond research question.

Grade level. Peer tutoring was found to
be a slightly more effective intervention for
middle and high school students (ES = 0.74,
SE = 0.04, Clys = 0.66 to 0.81) than for
elementary school students (ES = 0.69
SE = 0.02, Clys = 0.65 to 0.74), as indicated
by the overlap at Clys (see Table 2). The
reliable difference results for grade level were
z=1.11, p = .263.

Dosage. The median dosage was 480
min with an Inter Quartile Range of 280
to 1,137.5 min. Of the dosage amounts re-
ported, 75% (n = 13) were greater
than 1,137.5 min and 25% (n = 12) were
greater than 280 min. One of the studies
(Greenwood et al., 1984) had an Inter Quartile
Range of 480. Studies with a dosage value
below the median had the same effect size
(.75, SE = 0.03, Clys = 0.69 to 0.81) as those
with values at or above the median
(ES = 0.75, SE = 0.02, Clys = 0.70 to 0.79).
The obtained reliable difference values were
z=0,p=1.

Use of rewards. Studies (n = 13) that
employed the use of rewards (e.g., rewards vs.
no rewards) had a higher ES (.75, SE = 0.02,
Clys = 0.71 to 0.79) than those that did not
(ES = 0.69, SE = 0.03, Clys = 0.63 to 0.73;
n = 13). Further analysis by grade level re-
vealed that middle and high school students
(ES = 0.83, SE = 0.08, Cl,5; = 0.68 to 0.98)
benefit from the use of rewards more than
elementary school students (ES = 0.70,
SE = 0.03, Clys = 0.65 to 0.75). Reliable
difference values were z = 4.44, p = .001.

Disability/at-risk status. Studies in-
volving students identified with or at risk for
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Confidence
Intervals 95%
Study TauU LL ES UL
Greenwood et al. (1984) (Study 3) o 0.13 0.53 0.93
Lo & Cartledge (2004) —— 0.47 0.55  0.64
Dufrene et al. (2010) B . —— 0.33 0.56 0.80
Sutherland & Snyder (2007) [ 0.34 0.62 0.89
Pigott et al. (1986) —— 0.44 0.63 0.82
Houghton & Bain (1993) —— 0.50 0.65 0.79
Kamps et al. (2008) [ S 0.42 0.7 0.98
Neddenriep et al. (2009) —_————— 0.46 0.7 0.95
Campbell et al. (2001) P 0.56 0.71 0.86
Barton-Arwood et al. (2005) —— 0.64 0.73 0.83
Bowman-Perrott et al. (2007) ° 0.14 0.76 1.00
Kamps et al. (1994) P 0.52 0.77 1.00
Oddo et al. (2010) P 0.61 0.78 0.94
Greenwood et al. (1984) (Study 2) *— 0.10 0.83 1.00
Maheady et al. (1987) ° 0.56 0.84 1.00
Mabheady et al. (1988) . 0.46 0.89 1.00
Mackiewick et al. (2011) . 0.71 0.89 1.00
Mayfield & Vollmer (2007) —— 0.82 0.91 1.00
Greenwood et al. (1987) 0.38 0.92 1.00
Veerkamp et al. (2007) 0.65 0.93 1.00
Hughes & Fredrick (2006) —_— 072 o098 100
Salend & Nowak (1988) — 0.70 0.98 1.00
Schloss et al. (1997) — 0.65 0.99 1.00
Hawkins et al. (2009) — 0.47 1.00 1.00
Kourea et al. (2007) — 0.85 1.00 1.00
Maheady & Harper (1987) — 0.64 1.00 1.00
Overall ES ’. 0.71 0.75 0.78

Figure 1. Forest plot for the effects of peer tutoring on students’ academic
outcomes. Circles represent effect sizes from individual studies. They are
proportionate to their weight in the overall effect size. Circles and confidence
interval bars represent the precision of each study effect size. The diamond
represents the overall effect across all 26 studies. UL = upper limit; LL = lower
limit; ES = effect size.

disabilities had an effect size of 0.76 (Clys disabilities had an effect size of 0.65 (Clgs
= 0.72 to 0.79). By comparison, studies that = 0.51 to 0.79). The effect size for students
did not involve students with or at risk for ~with LD and EBD was 0.75 and 0.76, respec-
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Table 1
Summary of Effect Size Results for Moderator Variables
95% ClI
k n Mean Standard

Moderator (Studies)  (Participants)  Effect Size Error Lower Limit  Upper Limit
Grade level

Elementary 12 136 .69 .02 .65 74

Secondary 10 368 74 .04 .66 .81
Dosage

=480 minutes 14 446 75 .02 .70 .79

>480 minutes 12 209 5 .03 .69 .81
Reward

Yes 13 570 5 .02 1 .79

No 13 86 .69 .03 .63 15
Disability

Yes 23 511 76 .02 12 .79

No 4 28 .65 .07 51 .79

Table 2 and social studies a small effect size

Reliable Difference Between
Moderator Levels

Effect Standard
Moderator Size Error Z p
Grade
Elementary .69 .02
Secondary 74 .04 1.11 263
Dosage
=480 min 75 .03
<480 min 5 .03 0.00 1.00
Reward
Yes 72 .02
No .65 .03 4.44*% 001

Note. *p < .001, two-tailed test.

tively. The calculated reliable difference val-
ues for this variable were z = 1.51, p = .935.

Content area. Vocabulary yielded a
large effect (ES = 0.92; SE = 0.07, Clys
= 0.77 to 1.00), followed by math (ES = 0.86;
SE = 0.04, Clys = 0.78 to 0.94), reading with
a large to moderate effect size (ES = 0.77;
SE = 0.03, Clys = 0.71 to 0.82), spelling
(ES = 0.74; SE = 0.06, Clys = 0.62 to 0.85),

(ES = 0.57, SE = 0.04, Clys = 0.50 to 0.65).

Discussion

This meta-analysis is the first peer tutor-
ing meta-analysis to examine achievement
outcomes for elementary and secondary stu-
dents across peer tutoring studies using single-
case research designs. The overall effect size
was found to be moderately large, indicating
that greater academic gains were achieved
by students engaged in peer tutoring inter-
ventions than nonpeer tutoring instructional
arrangements.

Moderator analyses revealed a statisti-
cally significant effect for the use of rewards.
Peer tutoring interventions that used rewards
had a larger effect size than those that did not.
This finding points to the importance of the
use of reward on academic outcomes, espe-
cially for middle and high school students.
Findings from several peer tutoring studies
support its use with older students as a means
of motivation. This seems to be the case par-
ticularly for students who have experienced
academic difficulties (see Bowman-Perrott et
al., 2007; Kamps et al., 2008; Mitchem,
Young, West, & Benyo, 2001). This finding is
also consistent with previous research at the
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elementary school level (e.g., Rohrbeck et al.,
2003), as the use of reward contingencies pro-
duced a statistically significant effect.

In four studies, data for elementary and
secondary students were not disaggregated.
The two studies from Greenwood et al. (1984)
reported combined data for students in Grades
3—-6, Mayfield and Vollmer (2007) presented
data for students in Grades 3-11, and the
spelling class data from Bowman-Perrott et al.
(2007) were reported for students in Grades
5-12 together. Mayfield and Vollmer imple-
mented peer tutoring in group homes and stu-
dents’ homes. Bowman-Perrott et al. (2007)
conducted peer tutoring in an alternative
school that was part of a residential treatment
facility. In these instances, the way students
were grouped in their natural learning envi-
ronments did not follow traditional grade-level
groupings. Data for these studies were not
included in grade-level analyses because they
would not provide insight into the effect of
peer tutoring on students at the elementary
versus secondary level. Results demonstrated
that peer tutoring was effective for both ele-
mentary and secondary students, and that
grade level did not moderate its effectiveness.
Although individual grade level analyses
could not be conducted because data were not
disaggregated by grade level in the majority of
the studies, participants tended to represent
certain grade levels. For studies involving el-
ementary school students, the average grade
level was fourth grade, followed by third
grade. Studies focusing on secondary students
tended to include sixth-graders most often,
followed by ninth-graders.

Consistent with the Rohrbeck et al.
(2003) study, the findings of the current meta-
analysis showed no difference in student out-
comes for studies with dosage amounts above
and below the median value. Perhaps the core
components of peer tutoring (e.g., increased
opportunities to respond, error correction pro-
cedures) are sufficient to make an impact on
student outcomes with as few as 280 min of
exposure to the intervention and as many as
just over 1,000 min. The finding that students
with or at risk for disabilities demonstrated
greater academic gains than their peers with-
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out disabilities or at-risk status may be reflec-
tive of the benefit students received from the
additional support (e.g., more opportunities to
respond) afforded by peer tutoring. This may
be especially likely, as all of these students
were identified as being below grade level in a
given content area.

Twenty-three of the 26 studies included
participants with identified disabilities or who
were determined to be at risk for being iden-
tified as having a disability because of poor
academic performance. Although differences
were not statistically significant, practical sig-
nificance can be attributed to the finding that
the effect size was larger for students with or
at risk for disabilities (.76) than for students
without disabilities or who were not at risk
(.65). Results support evidence that aspects of
peer tutoring interventions such as repetition
of key concepts and opportunities to respond
are particularly beneficial for students in need
of additional academic supports. Of the 23
studies that included students with or at risk
for disabilities, only 11 disaggregated achieve-
ment outcomes by disability category. With
regard to disability status, only data for stu-
dents identified as having a LD or EBD as
their primary disability were analyzed, as only
one study disaggregated data for students with
autism, one for students with MR, and one for
students with other health impairments. It is
important to note, however, that the number of
studies for analyses of students with LD and
EBD were small; caution should be used in
considering these results.

Ten studies focused on reading, six on
spelling, six on math, three on vocabulary, and
three on social studies. Spelling outcomes
were measured by students’ correct spelling of
words and the percentage of words capitalized
correctly. Reading measures included (a) non-
sense word fluency, (b) errors per minute, (c)
sight word acquisition, and (d) comprehen-
sion. Math measures consisted of (a) correctly
multiplying decimals, (b) changing decimals
to fractions, (c) calculating percentages, and
(d) adding and subtracting time. Vocabulary
included the percent of vocabulary words cor-
rect. Finally, social studies included history;
specific learning outcomes were not reported.
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In the present analysis, reading yielded a large
to moderate effect size (ES = 0.77), compared
with the effect sizes reported by Cohen et al.
(1982) of 0.29, Cook et al. (1985) of 0.30 for
tutors and 0.49 for tutees, and Rohrbeck et al.
(2003) at 0.26 for reading. The effect size
obtained for math in this meta-analysis
(ES = 0.86) was also larger than that reported
by Cohen et al. (1982; ES = 0.60), Cook et al.
(1985; ES = 0.67 and 0.85 for tutors and
tutees, respectively), and Rohrbeck et al.
(2003; ES = 0.22). Although social studies
had a smaller effect in this meta-analysis
(ES = 0.57), it was larger than that reported
by Rohrbeck et al. (2003; ES = 0.49). The
obtained moderate effect size for spelling
(ES = 0.74) was larger than those reported by
Cook et al. (ES = 0.01 and 0.51 for tutors and
tutees, respectively) and Rohrbeck et al.
(2003) (ES = 0.21). Finally, vocabulary had a
large effect (ES = 0.92). Because previous
meta-analysis reported data for writing, lan-
guage, literacy, or a combination of related
content areas, there is no vocabulary effect
size with which to compare the present find-
ings. The effect sizes for content areas should
be considered with caution, as a small number
of studies were available for analysis. This is
particularly true for vocabulary and social
studies.

As previously mentioned, treatment fi-
delity data were reported in 16 of the 26 stud-
ies (62%). Rohrbeck et al. (2003) reported that
68% of studies in their meta-analysis reported
these data. It is important to consider the po-
tential impact of treatment fidelity on study
outcomes. It was not examined as a potential
moderator because fidelity was high in the
studies that reported it. Therefore, comparing
studies with low fidelity to those with high
fidelity was not possible. It is important to
report these data to help understand the degree
to which teachers and students accurately im-
plement peer tutoring interventions.

Limitations

The findings of this meta-analysis
should be considered in light of the following
limitations. One limitation is the lack of dis-

aggregated disability data in some studies,
limiting our sample for these analyses. Simi-
larly, data were not disaggregated by grade
level in most of the articles, so could not
present results and recommendations by grade
level. Another limitation is the potential vari-
ability that was introduced by how academic
gains were measured across studies (e.g., cur-
riculum-based measures vs. standardized
tests) and peer tutoring type (e.g., cross-age
vs. same age). A third potential limitation is
that the effect sizes for the content areas may
change with a larger pool of studies (espe-
cially for vocabulary and social studies). A
final limitation is that caution should be used
in comparing TauU to Cohen’s d effect sizes.
For example, the conversion from Cohen’s d
to TauU for the Kamps et al. (2008) study is
an approximation. Future research can help
address some of these limitations to further
add to the peer tutoring literature.

Implications for Research

The findings of this meta-analysis un-
derscore several recommendations that can in-
form future research. The first is the need to
report treatment fidelity in peer tutoring stud-
ies. Knowing whether high versus low levels
of fidelity promote greater academic gains
would be beneficial in informing practice. The
second is that treatment fidelity could serve as
a moderator of student outcomes. This should
be investigated by grade and across content
areas. In addition, it would be helpful to ad-
dresses practical questions such as the follow-
ing: (a) Is there a minimum number of hours
or sessions needed for students to gain the
most benefit from peer tutoring? (b) Does the
type of academic outcome measurement (e.g.,
criterion-referenced vs. norm-referenced)
moderate the effect of peer tutoring? (c) Does
the comorbidity of LD and EBD affect student
outcomes? (d) What do outcomes look like for
students with autism and other disabilities?
The last question is important, as data in these
analyses were limited to students with LD and
EBD because the number of cases for students
with other disabilities (e.g., autism) was too
small to investigate.
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The peer tutoring literature would also
benefit from studies that disaggregate data by
grade (e.g., first grade) because the effects of
peer tutoring, and moderators of those effects,
may vary within each of the grades. Analyzing
data by grade level (viz, elementary or sec-
ondary) would be beneficial. For example, it
would be helpful to know whether first-grad-
ers may benefit more than fifth-graders. This
would also prove useful in further analyzing
potential moderators. For instance, the use of
rewards may be significant with sixth-graders
but not eighth-grade students.

Another recommendation is that future
single-case peer tutoring studies should apply
strong designs in keeping with recent stan-
dards (e.g., Kratochwill et al., 2010). Unfor-
tunately, 11 single-case studies were excluded
from these analyses because of weak designs
(n = 6) and because interobserver agreement
standards were not met (n = 5; Kratochwill et
al., 2010). Among those excluded for these
reasons were the two studies that focused on
science in middle and high school classrooms.
Thus, there is a need to investigate students’
outcomes in this core content area. Further,
more studies are needed across content areas,
as the small number of studies in some of the
content areas prevented a thorough analysis of
students’ academic outcomes.

Future research should examine the re-
lation between academic and behavioral out-
comes for students engaged in peer tutoring.
This would be particularly useful in light of
the finding that students with EBD benefitted
most from peer tutoring. It would be interest-
ing to examine the benefit students receive
from peer tutoring with regard to behaviors.
Finally, as a new effect size measure, this
meta-analysis should be replicated using TauU
as new single-case studies investigating peer
tutoring are published. Given the many advan-
tages of TauU, it holds great promise for ag-
gregating single-case research data.

Implications for Practice

This meta-analysis provides evidence
for the use of peer tutoring as an evidence-
based instructional practice based on the most
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current, high-quality standards for single-case
research. Social validity data across peer tu-
toring studies revealed that teachers find it
easy to implement within their existing teach-
ing routine and structure. As such, teacher
training programs and in-service training for
practicing teachers should include peer tutor-
ing. This is particularly important in an era of
increased accountability for implementing ev-
idence-based practices and the implementation
of multitiered early intervention supports.

Peer tutoring is an effective intervention
for students with disabilities. This is especially
noteworthy for students with EBD who have
been consistently identified in the literature as
performing below grade level, and for whom
academic deficits are part of the federal defi-
nition and criteria for identification in Individ-
uals with Disabilities Education Act (2004).
Problem behaviors, a characteristic of students
with EBD, adversely affect academic perfor-
mance (see Individuals with Disabilities Edu-
cation Act, 2004). Results showed that stu-
dents with EBD, who by nature of their dis-
ability demonstrate problem behaviors, are
most likely to benefit academically from a
peer tutoring instructional format. It is an in-
tervention that is highly recommended for
their peers without disabilities as well.

Peer tutoring is effective in promoting
academic gains across content areas, and is
effective for elementary, middle, and high
school students. The use of rewards appear to
benefit older students as a motivator.

Footnotes

*References marked with an asterisk indicate
studies included in the meta-analysis.
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